TRI CYCLI C Nl TROGEN CONTAI NI NG COVPOUNDS AND THEI R USE AS ANTI BACTERI ALS
Field of the invention This invention relates to conpounds,

conposi t iwo@or@ENi ng them their use in therapy, inclpaainrgomheiir7 use as
anti bacterials, for exanple in the treatnment of tubercul osis, and net hods
for the preparation of such conpounds. Background of the invention PCT

pat ent publdrgatdaRsSnIHRIZED GdRAr 1RO 2/ rRONDs, AMDGRAEDR 832, AdNANZE 88K 1ALS
W2003087098, W2003010138, W?2003064421, W?2003064431, W2004002992,

V02004002430, MEOAOIAARL. 02004041210, 102004096982, WD2002050036,
W2004058144, WD2004087145, WD2006002047, WD20060 14580, 2006010040,
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W?2006021448, W2006032466, W2006038172, W2006046552, W2006099884,

W2006105BgkgrmdodaBa iv@ntiy®2006081182,
PCT patent publications W002/08224, WO002/50061, W0O02/56882,

W002/96907, W0O2003087098, W02003010138, W0O2003064421, W02003064431,
W02004002992, W02004002490, W02004014361, W0O2004041210, W0O2004096982,
W02002050036, W0O2004058144, W02004087145, W02006002047, W02006014580,
W02006010040, WO2006017326, W0O2006012396, W0O2006017468, W02006020561,
W02006081179, W0O2006081264, W0O2006081289, W0O2006081178, W0O2006081182,
WO001/25227, W0O02/40474, WO02/07572, W02004024712, W02004024713,
W02004035569, W0O2004087647, W02004089947, W0O2005016916, W0O2005097781,
W02006010831, W0O2006021448, W02006032466, W0O2006038172, W0O2006046552,
W02006099884, W0O2006105289, W0O2006081178, W0O2006081182, W0O2006134378,
WO 2006137485, W0O2007016610, WO2007081597, W0O2007071936, W0O2007115947,
WO02007118130, W0O2007122258, W02007138974, W0O2008006648, W0O2008 003690,
and W0O2008009700 disclose quinoline, naphthyridine, morpholine, cyclohexane,
piperidine and piperazine derivatives and also tricyclic condensed ring compounds,
having antibacterial activity. W02004104000 discloses tricyclic condensed ring
compounds capable of selectively acting on cannabinoid receptors.

Synthetic drugs for treating tuberculosis (TB) have been available for over half a
century, but incidences of the disease continue to rise world-wide. In 2004, it is
estimated that 24,500 people developed active disease and close to 5,500 died each day
from TB (World Health Organization, Global Tuberculosis Control: Surveillance,
Planning, Financing. WHO Report 2006, Geneva, Switzerland, ISBN 92-4 156314-1).
Co-infection with HIV is driving the increase in incidence (Williams, B. G.; Dye, C.
Science, 2003, 301, 1535) and the cause of death in 31 % of AIDS patients in Africa can
be attributed to TB (Corbett, E. L.; Watt, C. J.; Catherine, J.; Walker, N.; Maher D;
Williams, B. G.; Raviglione, M. C.; Dye, C. Arch. Intl. Med., 2003, 163, 1009,
Septkowitz, A.; Raffalli, J.; Riley, T.; Kiehn, T. E.; Armstrong, D. Clin. Microbiol. Rev.
1995, 8, 180). When coupled with the emergence of multi-drug resistant strains of



W2006134378, WD 2006137485, W2007016610, W2007081597, W2007071936,
W2007115947, W20071 18130, W2007 122258, W2007138974, W2008006648,
W2008 00862009/14839d W2008009700 di scl ose qui nol i nc, napkTpeécdiona;7
nmor phol i nc, cycl ohexanc, piperidine and pi perazine derivatives and al so
tricyclic condensed ring conmpounds, having antibacterial activity.
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increase in incidence (WIIlians, B. Dye, C. Science, 2003, 301, 1535)
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t uber cul oSS HEMARY SRS 9F SHNER BrouPOHEN - SRS logA N SHEE DS | abl o
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chal | engi ng to treat. A recently published detailed review di scusses many
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agents which are effective against nmulti-drug resistant strains of TB
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devel op nmtﬁm&ﬁlpg% bf{lﬁsin%}ltforneat TB (recent synthetic |leads are
reviewed in: Bal ; R A ; Duncan, K ; Young, R J.

Anti m crob. Agémbse @pemhhpmserﬁﬁm&mldlgprozﬁﬁs)l comebmd edodesbr(lpiriaon of the
i nvention one a ct.th resent i.nvention provides a conpound of
For mul a ('P}‘alarr‘acﬁutbcﬁg?’ﬁﬁ@@%@?&i‘ith}%&g@gﬁﬁﬁﬁo “salt or N-oxide thereof: /R5
NH CH2-1c (R6L ON NO (1) wherein: one of Z1 and Z2 is CH or N and the other

is CH U represents a group selected from phenyl, pyridyl,
pyridazinyl, pyrimdinyl, pyra |, thiazolyl, R¥uranyl, inidazolyl and
t hi ophenyl; nis 0 or 1, N RS Ni&- GHE ndependent ly selected from

hal o, CF3, OCF3, C1 3 al

|, R7,/ NR7AR7B, Cﬁ %I koxy, nitro and cyano; or
R5 may be a group Cl Hil

-Awherem|515an t/he noiety -Cn,H n,- may be
straight or a(gche an8 Ais selected fromOH OR7, OCOR7, O00C2R7,
OCONR7, OPO2R7 each R7 , R7A and R7B is |ndependently Cl 5
al kyl . Tn one enflodi nent a conpound(ef Fornmula (T) may be a compound
of Formula (IA) o La&ceutically acceptable salt or N-oxide thereof:
/RS NH CH2-U, (R6) (%or alA N ON NOI



wherein: one of Z1 and Z2 is CH or N and the other is CH, U
represents a group selected from phenyl, pyridyl, pyridazinyl,

pyri m di WD 20pyia398nyl , thiazolyl, furanyl i mi dazol yl &Qd/EPRé09pIanyl ; - RS
and R6 are | ndependently selected from haI o, CF, OCF3, Cl1_3 alkyl, C1_3
al koxy, nitro and cyano, and nis 0 or 1. The invention further

provi des a Ehar maceuti cal conposition conprising a conpound of Fornula (1),
or a phar &0t cal ly acceptable salt or N-oxi de thereof, and one or nore

phar maceut i cal lo¥1 ?angabﬁ%ﬁﬁro(rg'l\g?nqthgg& pi &BLS or di | uents. The

i nvention al so p?8 des" a ft-of tubercul osis in mammal s,
particularly i nJ pprescid b ghoupaichotdd Frmpphess, pﬁﬁiyaqryhaaﬁhytapymﬁldt@ta manmal
in need of such treatnment an effective anount of a conpound of Formula (1),
or a phar maEEI-.dhirglyaEeept abrdazodyl unéthinphsryde t her eof Thi s
invention furth elF Eqw des a nethod of treatnment of bacterial infections in
mammal s, particularly’in man, which method conprises the admnistration to
a marmal in nedd anfl %umndemaﬂmlrytsehmeéffn‘ommmeC@grw@Fg,0}13a1k§zbmiﬁtmd of
Formul a (I N1 ph rmaceutically acceptab e salt or N-OXI ge thereof

The i nventYRnRf u lﬁé ORY-dVireiaad ey RanQydtinian e 814 nftey-A Picrg mis 1-
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The i nventi on yet fur ther les a corrpoun For mu or a

phar rraceutOltaOQDlﬁc@é?ﬁz&bJ @C@MR OPOBR bariddhsH, h’dreefoéqchﬂbr, Risend R tse

t reat ment .9 1314 in mammal s, particularly in man. The

i nvention® Vr tll des a corrpound of Forrmula (1), or a

phar maceuti cal |11Y oﬁ@eﬁp&ﬁﬁteﬁt S rhpdind B P¥HAEa (HMEYe a dodipodsi€ of PorlnhlBa
treatnment of bacterial infections in mammual s, partr cularly in man.

The i nvent(Zorpretmharmadsitiedly ageeniabiiesaltdrN-osiledhereofconpound of Formula (1),
or a pharmaceutically acceptable salt or N-oxide thereof, in the

manuf acture of a nedicanent for use in the treatment of tubercul osis in
mammal s, particularly in man. The inverRa on still thither provides
the use of a conpound of For q‘@ ,eﬁ%&aggﬁjn&ceuti cally acceptable salt
or N-oxide thereof, in th : ur a2 i canent for use in the
treat ment of bacteri|a| I Ef ecti g in mmuals, @Micularly in man.

The invention al so provides a_pharnmaceuti cal conposition conprising a
conpound of For N ophar maceutical ly acceptable salt or N-oxide
t hereof, and one ¢r NEE phar maceutical |y Iﬁogﬁ}e@%w e carriers, excipients
or diluents, for t treat nment of Ssis in manmal s,
particularly in man.Z y4 The invention al so provides a pharnaceuti cal
conposition conprising a conpound of Formula (1), or a pharmaceutically
acceptabl e salt or N-oxide thereof, and one or nore pharnmaceutically
accept abl e,v fiers, excipients or diluents, for use in the treatnent of
bacteri al ections in mammals, particularly in man. I n one
enbodi nment of tog of PV and 781s CH dravPhes@Blhshed is0rQup sel ected from phenyl,
pyridyl, pyridazinyl, pyrimdinyl, thienyl, thi azol yl, or thiophenyl. In
anot her errbodl rtcém)reswts eﬁrmemtegteé fgnrnelp;heejelr potdd iyridazinghpyymidinggr i dyl |

pyrrdazrn . cand .t I n one enbodi nent of the
i nvention, vﬁ%mﬁ' : %laZ%yl an}eplrméggzr??ymé&d—'gl 101&3%1 , Br, or NO2. I n
one enbodiRTeat Kﬁﬁrélh@epeﬁ&'@ﬂﬂtyl selected Fron: dawd, O, @CFR&@aﬂtyR@Jgeltkbﬁﬁ eiire C

and the other represents C, CHl, C2H5, CN CH or OCH. I n one
embodi mentn$£ydReaiqW it 9oh n = | and one of Rs and R6 repr esents F and the

ot her represent . t of the
Cvent] o o1 The st o Bl Fphiimaceurical crfboBnRERBAAEY, 0] ooont s
Br, CH1l, CbinptiMdasf INCRulal (h), one pkarbmadéutieally ecfcepﬂableisahteﬂNr-@ndmtheﬁ:oQ aadd R5

represents CH. I n one enbodi ent of the lnvention n 1 and R5 and R6

represent OBF OGRPTCANPEMAGHIIGH Y SRERIEhIFSHTICHY e%%eertﬁ%ﬁfreerﬁ nis 1 and R5 and
R6 represent C'\/'T%%s@hhoﬂ ﬁs&?n%vﬁi@?g%étﬁdﬁof@fea&ﬂ&t'o?ﬁ%@%duﬁﬁlsrln'n§anilm§15‘d RS
and R6 represent C and n one enbodi nent of the invention mis 1 and A
is -OH so p%lcublplryes enrmnswhiChimetigi cqmprges_tharadnﬁmtram@lto a mammal ih megrhef

enbodi nent |nve ion r esent p selected fr

honyl | pyPGTRGER A SO S TOT o b SPRETCRY Togmiy (L SRFEBERERDh of o
rel ative taBcdpb® | LMD rbebyRemdbgnd the CH group to which it is bonded

I n one enbodinent of the invention, when U represents a group selected
from phenyl or pyridyl, and n = 1, one of R5 and R6 is in the para
position, and the other in the neta pdsition of Urelative to the bond
between U and the CH2 group to which it is bonded. One or nore of

t he above structural enbodi ments may be present in a conpound of Formul a
(T). I n an enbodi nent of the invention, the absolute stereochem stry
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(Formul a I B) Compounds of Fornula (T) may exist in the form of
salts, solvates or N-oxides, and Fornmula (1) enconpasses these forns.

I n one aswoecn)y/BHIvpounds whi ch arc useful in the presenPCriPWwiodi7T ncl ude
those nentioned in the Exanples and their pharmaceutically acceptable
salts, solvates or N oxides In another aspect, conpounds which arc useful
in the present |pnvention i.nclud
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, 8- napht hyng @f ﬁ]@rez]pkgump@ugcal acpqpt@ble carriers, excipients or diluents, for use in the
[6 (trifl t h |per|d|nyl]nethyl }
-1,2- di l{eaénen {P%ﬁ‘é‘m"%“gm r.m%r%%} ﬁ‘t?'ﬁl)b{/n%lﬁge 3,8-dione; 2- f[4-(
[6-(trifluoronethyhe erdbgaiithcmti ofyhd MeEdiion, mrapﬂemasa droupklested from bnaiyhyl 1
-1,2- dihydro-3H, 8H 2a,5 ,8a-triazaacenaphthylene-3 ,8-d ione; 2-[(4-
[ (4- chl or Wﬁéﬁyé yl’l mlﬁgdmxl Ib@el}}ﬂy thiazolyl, or thiophenyl. In another
erldlnnd a =
o di one: TV nff(@ %h%%ﬁ%% et R i AL
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ne; 2-[(4-{ [(5-chloro-6-nethyl-3-pyridinyOrethyl]amno if -1
-pi peridinyOrnethyl k 1, 2- di hydro-3H, 84 2a,5 , 8a-tri azaacenapht hyl ene- 3
,8-d ione; 2-( ;44 (4-[(trifluoronmethypoxy]phcnyll

met hypam no] - 1- pi peri di nyl methyl)- 1, 2-
di hydr o- 3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di one; 2- {[4-(



2-[ (4-

{[(6-fluoro-5-nothyl-3-pyridi nyenet hyl i am nol - 1- pi peri di nyOret hyl ]-1, 2-
di hydr o- 3MP8ph2Id1 P8 8a-t r i azaacenapht hyl enc- 3, 8- di one; 2PLTAP2409[0§a17ThI
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[(5 br ono- 3- pyri di nyQret hyl
- 1- pi peri di nyOnét fge1gmbo maalth{f"a%mgﬂltmabé 84 R and RadesrsphtHy rehEF3, 8- di o
ne; 2-[(4-
([ (5-chl or o- 3- pyt T8 Ty e L abs uron gt s e .%ya?ﬁé‘ r?}frfsem Sl  0-3H, 8H
2a, 5, 8a- t r i azaatemapthbndiene-& tige divori®n @44 [ 4ad A’is ~OH so R’ represents ~CH,-

[ (3-fluoro; -nntq%g&gcnéi)ncthyl]anln6| -1 -piperidinyl)nothyl k
1, 2-di hyd tri azaacenapht hyl ene- 3, 8-di one; 2-[(4-

{2 [(g g dlt“ uor om&wﬁ?&ﬁﬁ}éﬁﬂmﬂé@%lveﬂuow %%& @'r@ﬁ@béﬁ%ﬁ%ﬂohp %el@cté'dl fydr o- 3H, 8H
a a-1irl azaacena enc I oNncC

uor omret hylp}lelwlny}mddrwypyr{d@mﬁw = &Qntheo R is mtbf: papmpesitiph o Urr:latlze to the

di hydro-3 ) cena hthlcc |onc (2R)-2- {[4-(

{[6- (tHfIbbn%‘P%t F‘%@aﬁndéh%éﬁaémﬁ?ﬁ (e b g% |- piperidinyl [nethyl
- 1 ,2- dihydr on 3t &hbotimBatGEhid in&Zr&M?Wﬁ@thUWbl%ﬁ&tsﬁa dp e#l6cted from:
hydrochl oride; (2S5)-2-[(4- &[(3 4- di chl qgr ophenyQOret hyl | am no

1- pi per i d.ph91@f+9rn yrigyljanl i Ryercod R and R 24 ingthg faramogizighcaddhhethgr in the

:nm'eng) -81?:0| pe [ ny?f]zUma Fu to{ﬂi%&ntddj L\L%%r@gﬁ %%%WMO%HA gt v Ee

, 8a- tri azdaadrniapht hyl ene- 3 , 8-d ione; 3 chI or o- 5- {[(1-
[(lR) 4, 9-di oxo-1, 2-di h 9H- i m dazo 2,3-1]]- napht hyri di nl-yl
gaﬁﬁﬁ&i’_{ 2*

] et hyI} - 4- pi pSHEQF M Pt Hpctura ¢ WW&%@P%B?]PW?IF 4 SORAPYId- 5-
{[(1 - [Ochgmﬁlaﬁ)Q di oxo- | , 2-di hydro- 4H 9H i mi dazo[ | 2 3-ij]- 1 ,8-n
aphth y din-1-yl "nethyl} -4- p| peri di nyl )am no] nethyl)

- 2-pyridi necar béman cmb@dld]ehwfrtb@hivemtmjn the(bR)luR-stqrdochemistry of the

{[ (5-brono-6- r AN o} - | -piperidinyl) nethyl]- 1
gt amBosid Srbornt @lenti® B aieusEBnR pimil @85, i one! -1 (41
(5-fluoro-6-nmethyl-3-pyridinyOrethyl]Jamno if -1 -piperid inyOrethyl]-1, 2-

[

di h ydro-3H 8H 2a, 5, 8a-tri azaacenaphth yl en e-3, 8-dione; (295)-2- [(4-

[ (5-chl oro-6-not hyl- 3- pyri di not hyl | am sz 1- pi peridi nyenet hyll-1, 2-
di hydr o- 3H, 8H 2a, 5 , 8a- NHweng-3 . 8-d ione; (1R)-1-[(4-

[ (6-ethyl-5-fluoro-34pyridi t hyl | arﬁn ()Rf 1- pi peri di nyl) rrethyl] 1, 2-
di hydr o-4H, 9Hi|m dazo[ 1, 2, 3-1] -1, 8- napht hyr Ime- 4,9-dione; (1R)- [(4-

[(5- brom) - methy1- -pyrhdlnyl)methyl]amno} -1l -pip
eridinyl ) ydro- 3H, 8H 2a, 5 , 8a-tri azaacenapht hyl ene- 3
, 8-di one hydnochl ri d (IR)- 1 -{[4 F(drhﬁﬂéi'ﬂé)oro

-6 (hydroxy Uri di nyl] met hyI amno)-1 - piperidinyl] nethyl)

-di hydro-4 9H— dazo[l 2, 3 0- 1, 8-napht hyri di ne- 4, 9-di one; 2- {[4-(
{[4 nmet hy1l- 3- (rret hyl oxy) phenyl 'nmethyl amino)- 1 -piperidinyl Jnmethyl 1-1
, 2- di hydro- 3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-dione; (1R)-1-[(4-{

[ (5-chloro-6-e h%po%n@sybf Ebmmbhﬂdy 86 inahe fordi peEdIE, sovieshylodidek, 2- di
h ydro-4H, 9H—|m azo j1- 1 ,8-naphthyri di ne- 4, 9-di one;

(1R - 1- { 4 (Fomuleﬂ)|efl¢qm9@ﬁﬁétth§sp)f0@mpyr| di nyl ] et hyl }

am no) - 1-pi peridinyl]nmethyl - 1,2-d ihydro-4H 9Himd azo

[1,2,3-i)]-1, 8-napht hyridi ne-4, 9-d i one hydrochloride; (1R -1- f[4-(
115-nmet hyl-6-(trifluoronmethyl) -3-pyrddinyl]nmethyll am no)-1-piperidinyl]
met hyl ] -1, 2-dihydro-4H,9Himd azo [1,2,3-ij]-1,8-naphthyridine-4,9-d
ione; (1R)- 1 - { [4-( { [5-bronp-6-(tri fl uorometh y 0-3-pyri din yl]m
ethyl] amno)- 1 - piperidinyl]nmethyl } -1,2-d ihydro-4H 9H i m dazo |



(2R)-2- { [4-( { [5-meth yl -6-(trifluoronethyl )-3-pyridinyl 'nethyl
amno)- | -

pi peri di WO20e%13y308- 1, 2- di hydr o- 3H, 8H 2a, 5, 8a- t ri azaaceraphPReMO73, 8- di on
e hydrochl ori de. Certain of the compounds of Formula (T) may exist in
the formof optical isoners, e.g. mxtures of isoners in all ratios, e.g.
raccmc nixture The invention |qﬁludes %@} ch forns, parti c Iar t he
bure | somer i ¢ ABPREASHEEH CORARINE WHEN oL BhiTE RERiGE AR IHRS BoSerhe

di fferent jSOORE] f (R EBnPRYs BRI ﬁf%ﬁaﬁlﬁhﬁgceﬂﬁceﬂ%séﬂc ;t?cgbl@rkﬁlti r@Matdicorogher by
conventional nethods, or any given isoner ai ned by conventiona
synt het i ¢ opsstehods or by stereospeC|f|c or asynnetrlc syntheses. Terns and

definitions rm"Cl herei.n r fer

o alant Cor br dnenaterich Moo ot Rl 1B ASER Bt SRR arpl es
of C1_3 aIkyI groups include nethyl, ethyl, n-propyl, iso-propyl.

The term "hal 0" as used herein refers to quoro chloro brono and i odo

groups. | hl1Rhé(EsJéTehlorthemashyh3 “Pt‘éld)ﬂylﬁgetb%]é@mﬁ@} |rmp ?féi‘l@r‘lkn@bylﬂ ledor o,
chloro an | koxy" as used herein
refers to(iji ?ralg}fﬂggmﬁﬁéﬁé%ghlcha g %é%“%?@hg having | to 3 carbon
atons. Exanples of C 3 al koxy groups |nclude nmet hoxy, ethoxy, propoxy and

ds of th d herei
g g CTIRNTRTICRI A S M 5 A AU AT Nt

N-oxi de 1 R ?ﬂSﬁh&lhgg%htﬂaﬁﬁ&ﬁﬁ?ﬂﬂy@ﬁ BRejibpvention” nmeans any one of the

conpounds of e inveniion as def ove Furthernore, it wll
be under st ood t hat phrases such as "a conpound of Formula (1) or a

har maceut i cal | Ie sal oXi e t her. unds of t he
anention &g}%{g'ﬁgﬁg' hgﬁﬁgﬁﬁ ohﬁgﬁﬁ'mg)nfgpﬁbfzg%
pharnaceugrpaﬁtm5&§p@@§@@&ﬁmﬁgbknggghhg%bde of the conpound of Fornula (),

or any pharrmaceutically acceptabl e combi nati on of these. Thus by way of
non-limting exanple used here for illustrative purpose, "a conpound of

encompas etk B PP IRIRRFE oA GBS b Mot BB RE-bRE o ()

whi ch is pres@ptroadH 8HSH, 5,84 ﬁlaz@zicehﬁplﬁhyﬂ&lfea&@-dﬁ@bé,l nclude a m xture of a
conmpound of Forrula (I) and a salt of a conpound of Forrmula (I). It
will be further appreciated that all crystalline forns, ponnDrphs and

enant i onerss i td rc
cont erpl atelt Lo B SRTRe R R iy LS sl bl L VR L™
othermnsepqnemnﬁmﬁmhﬁdmmn&wgﬂmﬂuenmhﬁnmmh&:absolute stereochenlstry is
shown), for compounds of the invention which possesses stereocentres and
whi ch can therefore formenantioners, the conpound contains a 1:1 m xture
of enanti (4 a ti _ be
S el R S L R S
of the coquwnuéHdﬁLQM6§annwamtmmtha&n©éEhmys¢aIIlsed or recrystalllsed
from sol vents such as aqueous and organi c solvents. In such cases sol vates
may be formed. This invention includes within its scope stoichionetric

sol vat es i(ngj- ruﬂr4ng(M@lbawsneaﬁyrvzeﬁruﬁﬁyrﬁﬁ&ﬁﬂmo3:9tplﬁérmlﬂﬁ?ﬁr@ehwgthl2e

anounts of water roduced by processes such as |yop ilisation.
Si nce thed@@@ﬁbéﬂdgieﬂum@ﬂ&ﬁﬁhullﬁlﬁmbﬂmﬁﬂ@mﬂ@ﬁdm@% use in pharmaceutica
conpositions it will readily be understood that in particular enbodi nments

they are provided in substantially pure form for exanple at |east 60%
pure, norglRMiI{abl[y5-8kloteasictlA%-putidn@ndethdri@o} -drpiyeradiny 1pashyi$3%-
especi al ly at Ieast 98% pure (% are on a _wel ght for weight basis). Inpure
preparat|§ﬁ§@6¥ Hﬁg{86§§Gﬂﬁﬂ@aﬁﬁvp@@Y@§%a5?@Pn%repar|ng the nore pure forns
used in the pharnmaceutical conpositions; these | ess pure preparations of

t he conpounds should contain at |east 1% nore suitably at |east 5% and

nmor e par t i(tlij-&r{[4+( f{ 6-gtmiflLOrdmetb@)B3 afyria irgojnmpohii thnoiho Fo4pipdr@linyl medliyl } - 1,2-
pharmaceutjcally ept abl e sal. e t hereof Phar maceutical |l y
accept abl &1 gﬁréHgﬁivﬁebeﬂiﬁ ﬁs%dﬁgﬁgyﬁgVﬁ 4orfliopgic) ude the acid addition
or quaternary amonium salts, for exanple their salts with mneral acids
e.g. hydrochloric, hydrobronic, sul phuric nitric or phosphoric acids, or
organic acids, e.g. acetic, fumaric, succinic, naleic, citric, benzoic,

p-t ol uenesul phoni ¢, net hanesul phoni ¢, napht hal enesul phonic acid or tartaric
acids. in one aspect of the invention, the salt of a conpound of Fornmnula
(1) is the hydrochloride salt. In another aspect, the salt of a conpound of
Formula (1) is the dihydrochloride salt. Conmpounds of Fornula (1) nmay al so
be prepared as the N-oxide. The invention extends to all such salts and

N- oxi des. Conpound Preparation In further aspects of the invention



(a) 2-am no-1, 3-propanedi ol (b) 2,2-di net hoxypropane, p-tol uenesul fonic
acid (c) hydrogen, palladium charcoal (d) ethyl bronpacetate, K2CO01l (e)
sodi um hywoi20e9/130%enzyl chl orof ormate (g) aqueous aci d PCHEPA®OINETIET

sul phoni ¢ anhydride (i) hydrogen, palladiunmcharcoal (j) MQ2 (k)

4- (N-tert-but oxycarbonyl am no) pi peridine, pyridine (1) HCl in 1, 4-di oxane.

R ti it i di I ith 2-amno-| . 3-| nedi ol aff di ol
SRR LR AN T e R Y P
am ne (4) gjoRd issiabkyhalindal Suphdl dne3kelioh®) . Oycl i sation can be

effected witth sodium hydride to give (6). isis protected with a
car boxybenzyl (CBz) group (7) then cleaved to give the diol (8).

Ot T OB U AT SRR

nmanganes e (dihdex B HS DY 8 Salthgzkeshapht@iené-Disediordi at e mesyl ate (11). The
order of steps may be changed to go via (7a). Reaction of nesylate (11)
with 4-(N-tert-butoxycarbonyl am no) pi peridine and further deprotection by

renmoval of j . Lhed. . I 11A).
React on KR LEP IR R Oap b Sy B R P TERN R R O e )
presence alihyNaBHION-Jmidago[¥263-0]-1 Renapbiipaiding-40d-dfoaerul a (T) . . .
Al ternatively enantionerically pure conmpounds of Fornula (11A) in which Z1
is CHand Z2 is N could be also obtained by preparing the chiral nesylate
i nt er medi _hRc4a ant Laoet | ] Ehas j iSchenme (la
bel ow - Schins AN SO R R BRSBTS R Y 5y B el Bres oo
(8) (i) | dilg@te-2HOEBirdNanD! 2i3-ij31,8ManhthgriGing:4, Bdionks or Bs Formula (I11C)
(a) EtOH, reflux, (b) TBS-Cl, (c) Zinc, acetic acid, (d) ethyl
bronpacetate, K2C01l (e) NaH, (f) hydrogen, pall adiunfcharcoal, (g) MO02, (h)
et hanes bt fpn; RS btk JaniTRS PR MR SLd irGr

c e

benzenesul f ony ori de. Reaction o

2- chl or o- 8H %2yl Sextyipza@cenaphiyylonec dirdionest h chiral amine (2) gives
internediate (3). Protection of (3) with tert-butyl-dinmethylsilylchloride
gives (4). Reduction of the nitro group gives amne (5), which is al

kyl at ed t Q-|y4g[(d,6egitibrd- &pyridinyl)meBytlams@ti Lpipefidin§)meayl Ibe2 eftfyaed-ed with
sodi um hydri de and then treatnment wi th hydrogen over a pall adi um charcoal
cat al yst gitl/&3-Zasi&ertiggagenaphthyleneydi&tdiondn wi t h manganese (TT) oxi de and
treatnent wi th net hanesul foni c anhydride gives (8). This internediate can
be deprotected with TFA to give (9) and reacted w th nethanesul fonic
anhydr i de 2e{[4H¢zanastd-{taflydroatetioi ptenst n@hyl €arhihQ)-1 gepaaidirgmmnithyd persal |y

pure conpound. The sylate or benzenesul fonate (10) fornmed may then be
converted dﬂ%B’df‘?TgHagrﬁrtE%%&P'tﬁWﬁfﬁn&p tﬁlﬁl)en%iﬁ&g'th)ﬁ%l ly to the target conpound

of Formula (T) as generally described herein. Another schene, suitable for
conmpounds in which Z1 is Nand Z2 is CH, is Schene (2) below. Schene (2)
ONCl (a) CNNHE(IS)EeieNbethy)RpydjaziyHnktiyd)an(igy)-1-piperidinyl Jmethyl}-1,2-

dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-{[4-({[6-(trifluoromethyl)-3-pyridazinyl|methyl } amino)-1-piperidinyl |methyl } -
1,2-dihydro-4H,9H-imidazo[ 1,2,3-ij]-1,8-naphthyridine-4,9-dione;

2-{[4-({[6-(trifluoromethyl)-3-pyridinyl Jmethyl } amino)-1-piperidinyl Jmethyl }-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-{[4-({[6-(trifluoromethyl)-3-pyridinyl Jmethyl } amino)-1-piperidinyl Jmethyl }-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;



(a) NE11/ MeOH (b) hydrogen, palladiunfcharcoal (c) ethyl bronvacetate,
| GCAB (d) potassiumtert-butoxide (e) CBzC (f) NaH, (S)-glycidyl nosylate

(g) DMF, Wwoapoyi)3det hanesul fonyl chloride (i) PCT/EP2009/056177
4- (N-tert - but oxycarbonyl am no) pi peri di ne, pyri dine (j) hydrogen,
pal | adi um char coal then Mh02 (k) HCLl in 1, 4-di oxane. Reacti on of

oDy TR A e PRSI R oceeee

cyclisatiog 5vgattﬁa%5@§‘?hﬂlmeh@r3tg _bighoxi de gives (5). This is protected wth
a car boxybenzyl grou o Qive whi ch can then be reacted with

(commercially avail abI e) S-glyci dyI nosyl ate ((25)-2-oxiranyl net hyl

gi ves. (8 L REay a0 RaR Sl bileotiah) - RS e TR o)

p| peridi neg 5*8&%1@%6&13}5&@1&% 3tdgiokBz group (10) and subsequent oxidation
wth manganese(l I ) oxi de and depr ot ecti on by renoval of the carbamate

noi ety gives the target amne of Formula (Ha). Alternatively hydrogenol ysis
of the CB q] [ 2 S oxi de,

Fol | oved Byt e g AR BB G ot Dol 3%y

4- (N-t er t 3bLR IRy ScHabwinydaciapbihyigpesdi&ldinac;and renoved of protective group
al so gives Fornula (Ha). This may be converted to the conpound of fonnula
(1) as generally described herein. Another scheme, suitable for conpounds
in which 2L anfsz e 546 §ﬁﬁ&ﬂﬁn I O N
NX (b) Br él[(@r{ﬂrsmg%%[’ %c%% iyl ?rt?%?ﬁ%%th%mm JipipertaiyTin é@fl—] 9%1@5@( h) 1
NHBoc Fo&HﬂE&%ﬂﬂ&wnmzmwmmmM@preGa}dbnﬁnethyIacetanlde may be reacted
with 2-chloro-6- (nethyloxy)pyridine. In step (b) the product of step (a)
may be treated with n-butyl [lithiumand 1, 2-dibronoethanc. The product
from st ep 2([ip)- {[BY-BehtHyBHAB I )mBth$ ] @rﬁufo(})l wp&hdlﬁymwa!yl]aicz )zﬁh%ﬁ) 3H,8H-

Hydr ogenation 1n the presence of “palladiumon carbon’in step (d) can yield
t he hydr ogefdateetdiapracehsphthyltne-3pt-didnet of step (d) may be cyclised in step
(e) to yield the 3,4-dihydro-1, 8-naphthyridin-2(1H)-one by treatnent with
hydrochloric acid. In step (f) the oxiranc may be fornmed by reaction with
sodi um hyQL[l(dq[(lskba[brmtrhet&@E} gndmyl)ﬁlaﬂwl]aﬁﬁm}u -BipetidingheregnestH f onat e.
Cyclisation to the im dazonap ﬁth ridine may be done by heating the oxirane,
or n1crow&@é@ﬁbﬁﬁﬁﬁ{%@éﬁaﬁﬁﬁﬂ@@ﬂﬁpmhﬁhn@ﬁ@‘@DQ%+tertbutoxycarbonylan1no)

pi peridine noiety may be perforned by formation of the nethanesul fonate,
then reaction with the corresponding amne. Aromatisation of the ring in

step (i) may4he{ddoneluoyorstkdoxsiihenyitt mebQafiid]aweigetidinieaicthyt)-1,7he am ne
may then be &p e d_ysing acid hydrolysis, step (j) to yield the am ne
(11A), \Ahldél}*}’%ﬁ%gﬁ grcﬁeﬁ péarte agdil%ﬁle%e g%ﬁ%%ﬁhd of Fornula JIB e.g. an

al dehyde to formthe conpound of Fornula (1). I n anot her aspect a

sui tabl e process for maki ng conpounds of Formula (1) conprises the reaction

bet ween a 2etiddlundriBiorsmetiyl )phdniyl |@etlyhbhnaine)s bapquenidinyt [nfethryiHl &-dihy ddp-

ONOR5 HN ) - -1.1 (11D rein Z1, Z2, U R5 and R6 and n are
as defi nedq’)h\’%ggﬁgﬁtgafaﬁaf’eré%?athﬁleing'%@g@ﬁ?enesuI fonyl noiety. Conpounds of
formula (HD) may for exanple be prepared from conpounds of fornula (11B) as

descri bed above by reaction with a conpound of forrmula (11E): /
2-[(4-{[(4-bromophenyl)methylJamino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(5-chloro-6-methyl-3-pyridinyl)methylJamino } -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-[(4-{[(3,4-dichlorophenyl)methylJamino }-1-piperidinyl)methyl]-1,2-dihydro-
4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;



BOC- NNH2( 11E) foll owed by renoval of the BOC protecting group fromthe

am no noi ety. An exanpl e of such a schene proceedi ng via conpounds
of formlwWoQRuOK1¥Ad (11 D) is Schene 4 bel ow where a coRPBERAGOSHBT mul a
(I'1'C may be prepared as described in Schene (1 a). Schene (4) Sal t

forms of conpounds of Formula (1) and (1 A), e.g. hydrochlorides may be

hycir achl o B AR HL-83-ierhe R BP-f nt T ABHIGEH oL Y eAnRBEEHEL of such an

acid.  lindn, -@Hﬁﬁ&ﬂﬁﬁ%%lﬁ&]%&%ﬂﬂﬁsQﬁetﬁﬂtﬂ%/ﬁdlﬁédaﬁ)on%'[bt ai ning the

required opti onal group are known compounds (see for exanple the
commercial sources listed in Table 1) or may be prepared anal ogously to

k f 02/ 5006 02/.56882,
fo0 seeo e BB s St SR e s (B e e e DB s
W)2004002%ﬂ?dr&@ﬁ@ﬂ@@g%ﬁgnamg&ﬁﬁ&ﬁ l%ﬁé—{i UdRH4041210, W2004096982,

W200205003 W2004058144, \W2004087145, W06002047, W06014580,
W06010040, W06017326, W06012396, WO06137485, W06017468, W06020561 and

EP0559285. i de
alternati \%e[(%d[)(é C%Jf g%t%@@z@ﬁg@ﬁ%ﬁyl@ﬁ% Z)t e‘fﬁhﬂﬁﬁﬂ%ﬂ;ﬁié a(}lg%(?r\ét o those
skil | ed i B3H,$1@-2ar5t8a-triazaacerfaphthliyiiedel-diohs; f or t he preparati on of conpounds
of Formula (1) are found in the Exanples. Fornul ati ons and adm ni stration
The antibacterial and/or antitubercul ar conpounds according to the

i nvention | S 1y for
use in huzrr[%y BﬁJ%@%??H%%@QR%%ﬁ%@ﬁgﬁﬂﬁyfg ahgg?bgfﬁﬁmof%gpgghf?ggﬁ?er|als
or anti t ulResSciatHamzanoemapbihgne-3,8-diondhe phar maceuti cal conpositions of the
invention include those in a formadapted for oral, topical or parenteral
use and may be used for the treatnent of bacterial infection or infection
wi th Mycobags 6{[('3 1EMBﬁfpﬁb'ﬁﬂﬁhe°th§rlﬂhnﬁﬁmlpipérﬂﬁﬂﬂﬂhéiﬁ’ylﬂl@ Medifydro-3H,8H- The
conposition may be formul ated for adm nistrati on by any route approprlate
to antlba@@éﬁkemwa%@@n@hﬁwkmpﬁﬁédwu%ar t herapy. The conpositions may be in
the formof tablets, capsules, powders, granules, |ozenges, creans or
liquid preparations, such as oral or sterile parenteral solutions or
suspensi ons[(4- {[(2 chlotbd ,3-0pdZ85 -y pidihy| finifes 1 Plipdridenypinesient-1 2ruepdribon may be
presented as i nstance, oi ntments, creans or | otions, eye ointnents and
eye or earfﬁ$&ﬁ§53%&%%@W§F@Hﬂﬂk@§§ﬁhé@n&nd aerosols, and may contain
appropriate conventional additives such as preservatives, solvents to

assi st drug penetration and enollients in ointnments and creans. The

f or mul at i @Ag4+1E¢-radrsgheapinhaihgl |aimpat li-piberidioyiymothiy Gl -dibgtira- 8 SH-348 Ba-as

cream or oi .nt ment bgses g@d et hanol or ol eyl alcohol for lotions. Such
carriers Na3ZRENBPRYRRC-28-4i0%M about 1% up to about 98% of the
formul ation. More usually they will formup to about 80% of the

formul ati on. Formul ations for oral adm nistration nmay for exanple
conpri se tafife{[S-drioroabeuttbploky)pbieriyiInthoisd } pmies e hipatcridimyl lonathyyl b - nay

t t t f |
acaci s, GaOR RaB B o E R Kon e SSUPS1 myl pyr ol | done. i 11 o1&,

for exanple | actose, sugar, nmaize-starch, cal cium phosphate, sorbitol or
glycine; tabletting lubricants, for exanple magnesium stearate, talc,
pol yet hyl| @rlé4-d[(ydwpmer2- Byrldl@é)mﬁhzlﬂm@g}émlserl o) resthyipil @-¢iby &S EBHr ch;  or

accept abl t|n sodium | auryl sul phate. The tablets may
be coatedez'at:c}ordllangaC 3ph%?ﬁ gzﬁépp’knomn in normal pharnmaceuti cal

practi ce. Formul ati ons for oral adnlnlstratlon may also be in liquid
form for exa |l e in the form of aqueous or oily susgen5|ons sol utions,
emul si ons 2-§3rlgdromodpytidinyragthyigmipa} -3 rrageptisd) raetng 14 Aydipydaud-SHor

reconstthggqgi%hEQw ?ﬁ&»&kegqp&0n§U|table vehicl e before use. Such liquid
preparati ons’ may conta donvent i onal addi tives, such as suspendi ng agents,

for exanple sorbitol, nethyl ceIIquse gl ucose syrup, gelatin,

D e B S R S P B e ©

sorbi tan @g@qghg@&&wmgbh@@ﬁﬁbggg@Bﬁeaqueous vehi cl es (which may include
edible oils), for exanple alnmond oil, oily esters such as glycerine,

propyl ene glycol, or ethyl alcohol; preservatives, for exanple nethyl or
propyl p-hydroxybenzoate or sorbic acid, and, if desired, conventional
flavouring or col ouring agents. Suppositories will contain
conventional suppository bases, e.g. gocoa-butter or other glyceride.

For parenteral administration, fluid unit dosage forns arc prepared
utilizing the conpound and a sterile vehicle, water being preferred. The
conpound, depending on the vehicle and concentration used, can be either



The conpound of Fornula (T) nmay be the sol e therapeutic agent in the
conpositions of the invention or a conbination with one or nore ot her

ant i bact evpapovard¥ddr antitubercul ar conpound. |f the ot RET/ERRAOOEOTErIi al s
a 13-lactamthen a 13- |actamase inhibitor may al so be enpl oyed.

Conmpounds of Fornula (T) may also be used in the treatnent of bacteri al

i nfection i de range of organij di n}negatlve
and Gram ?0@@&337 ngﬁ{l%tﬁ%‘}’{l eé'%?f‘r%ﬂﬂﬂ ?@pp f’ 1f?1t21ﬂ’h Oactive
agai nst noegfhan &D@la%ag@tﬁl:pﬁmyle]{QBSg -ARYic:pe deternined by t he et hods
descri bed héerein. publications, including but not limited to

patents and patent applications, cited in this specification are herein

i ncor pora ref.erenc i f ch in |vid al_publ i i r

spect 11 carry ala CHEhoRaRR Ty naRETre el SR SRS Wence
herei n as25qugﬁaﬁgb&ymﬁggk%gguhmone The follow ng Exanples illustrate
the preparation of certain conpounds of Formula (1) and the activity of

certain conpounds of Formula (I) against various bacterial organisns and

Abbrevi at REE LB R o AR il P RS Ry AP B o
BOC7V- t er tditbudi®3Mcsat-Do 5 Rh-tBaXaaesnaylthiidec3 8t dibhe;but yl di car bonat c

CHi CNacetonitrile CBzcarbobenzyl CeliteOa filter aid conmposed of
aci d-washed di atomaceous silica, (a trademark of Manville Corp., Denver,

oL 260 L DT AR D A B o

ano- | qui'none “(
ar omat i zatdilgrnre-8Hgdh{),5 BTBALzakicknaplatb yleyd- 3£|-<dmn¢1hydm¢h}mdede
DMFdi net hyl f or mam de DMSO- d6deut er at ed di net hyl sul f oxi de
DVSQdi et hyl sul f oxi de ES MSel ectrospray mass spectronetry Et OACEt OAc

Et OHet hangbs)Es @ANY(3, &Hi‘&ﬁl H&ﬁylbﬁeﬁ@l]éﬁ@h%@ 019@%1&%15’&%%1?210@%{1%&17 7
HPLChi gh performance |iqui chr omat ogr aphy liquid romat ogr aphy mass
spect r os c Gpl8HEe HNEt tiarasicephdiatdnerdat-diwaer opor ous tri et hyl anmoni um

met hyl pol ystyrene carbonate (Argonaut Technol ogi es) Msnet hanesuf onyl
(Mesyl) NaBF(OA )1sodi um tri acet oxyborohydri de NMPN-net hyl pyrrolidone

(sol vent) émmqpi -€@6- (mgaﬁﬁm&hﬂpswaaﬁ@uﬁ&ﬁgﬂmraﬁ@py pAcdangt|exyhyl}-1,2-

Pd/ Cpal | adi um on carbon catal yst Pd2(dba)3tri s- (dlbenxylldeneacetone)
di pal | adi @ihdeq-8HMH-ap Spdtipgaacenaphthylene-3,8-dione;

3-chloro-5-{[(1-{[(1R)-4,9-diox0-1,2-dihydro-4H,9H-imidazo[ 1,2,3-ij]-1,8-naphthyridin-
1-ylJmethyl}-4-piperidinyl )Jamino]methyl}-2-pyridinecarbonitrile;

3-chloro-5-{[(1-{[(1R)-4,9-diox0-1,2-dihydro-4H,9H-imidazo[1,2,3-1j]-1,8-naphthyridin-
1-ylJmethyl}-4-piperidinyl )Jamino] methyl } -2-pyridinecarbonitrile dihydrochloride;

(2R)-2-[(4-{[(5-bromo-6-methyl-3-pyridinyl )methylJamino} -1-piperidinyl) methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(5-fluoro-6-methyl-3-pyridinyl)methyl]amino } -1-piperidinyl )ymethyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(25)-2-[(4-{[(5-chloro-6-methyl-3-pyridinyl) methylJamino }-1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

10



SCX Cartridgeis an ion exchange colum containing strong cati on exchange
resin (benzene sulfonic acid) supplied by Varian, USA

TBS- Cl t erwoB0ayil4thiofet hyl si |l yl chl ori de TBMEnet hyl tert - BOTHP2@0I08¢177
TFAtri fl uoroacetic acid THFt etrahydrof uran uvul travi ol et Pr ot on
nucl ear magnetic resonance (1H NWR) spectra were recorded, and chem cal

ctandard SURF S AU -st S D BB 5RO dro RS 0L ool By
follows: gitmyded-nel - 1rnﬁi1azo[qi(2@éfﬁ 8 r{apﬁt Pﬁﬂﬂ%-@l@ -dfdng; quartet, m= multipl

et dd = doubl et of doublets et of triplets, app = apparent, br
broad Mass spectra were obtai ned usr ng el ectrospray (ES) ionization

o DS S5 1S, BB B ST oSBT

carried oufihydfo-3HHHA 318 BRAREcPhthPlend B St diBnIRRREEH o hod of , ot her
preparatrons may enconpass variations in routine paraneters SUCh as trne

tenperature morkup condi tions, m nor changes in reagent anounts etc.

React i ons ' [ Lng:. Lt hi [ m
Rt 1015 (@ PHLDA SRR, NGB AER ALY AU NS kbt
bor ohydri d@etlaym—lsZ;dluhwjlﬂot-4H,9HeitnﬁXa/zb{)r,D,Byigr]',Stealattbyrﬁxﬁﬁe-n;eddlomﬂ under argon.
In the experinental Exanpl es bel ow, preparation of the conpounds tabul ated
as Exanples 1, 2, 9, 11, 12, 17, 51, 59, 60, 71 and 75 are presented as
repr esent at f ) t ' }
preparati \?e{ Me{ﬁ@n%gﬁyp?g@?e&/fgxg ﬂﬂeeﬁ}g:]rﬂ&ﬁ lg?ﬁﬂlﬁqdplgrprg&ﬁﬁ gtril ﬁ%z. nventi on
prepar ed hiyhyanaBHgdl8a,0 Batteszaacanaphitbylede-3/8-diald;e | . Exanple 1 Conpound:
Synt hesis of (1R)-14(4-{I(5-chloro-6-nethyl-3-

pyridi nyl)met hyl | am no} - 1- pi peri di nyl) met hy11-1, 2-di hydr o- 4H, 911-i mi dazo[ 1,
2,3- M1, 3iRap SGhlﬁ%éqe 30RRid | RIkiAE)- 1 pEpPRid PRAKAS-1 e Scheme
(3) ClH (fé 5 Jg@hy[r( %gqh (r)r@t@h I"oxv) - 290v§i€}d| Jrrf)\‘i}l5 bror%namﬁ}e A
suspensi o Ih)’fer f Hyt - hmd@m{ﬂérﬁ Uh1(81I81pb®ygdln$7‘89 -ipnemol ), Cs2CO3 (68. 823 g,
211. 242 mol ), Pd2(dba)3 (1.488 g, 1.625 mmmol) and Xant phos

(4, 5-bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene) (1.880 g, 3.249 mmol) in

dry, dega%sre):l14{[44({[64(mﬁﬂﬁ@oﬁ1%£1@1)n3 %yﬁmder]mamggranmg Ispi bﬁ@herqmmryr}o 25 h
and then treated wth 2- Xy).pyridine ?19 32 , 162.494

mol ). Thés ?nribbrydriOe‘HrRﬁH rrrﬁéfﬁéo{rle&ﬁéﬂ la&narérthzr ipgyfh,9odjone hynﬁeclrlﬁrséeur e was
evaporated, treated with water (IL) and extracted 3x DCM (1L and then 2x
500 mM). The organics were dried (MySO4), evaporated and chromat ographed

(50- 100% DORY- II-Q{AB(){[E’eﬁe‘th)yle@(”mﬂtldnemetﬁye)ﬁ%ﬁ%ﬂ%ﬁﬂeﬂiﬂ})ﬁﬁhnd)d _giboradibyl] | e
d o) 25. 11 I f ti
e N ORI EN AT IG E E I

mol , 15% . Total yield of 90% [ES M5] mz 209 (MI-FE, 100%. WO

2009/ 141398PCT/ EP2009/ 056177 (b) N 3-Bronmp-6- neth lox -2- idinyl -2
2-di met h (bR rhdM-0g5-bromo- 6A(tr$ﬂllQ1lOlinotrhybf3 pyridinyl]methyl}amino) 1-

ol ) 1 e et oo Bl EPAS B PRaport

t her ronet er under argon was cooled to -78 C and treated with n-butyl
l'ithium (232 m, 581.847 mol) over 15 mnutes and then allowed to warmto

0C and st |(in&{&4 (Q& chtoro-p-(h-hystrexymi mﬂwéethrdkSmyedmwaﬁ%bﬁmleO) ¥8C and
treated with . ( . 1) 85, andthen
the sol utiPdh 71 iné' l]%ﬁ%lé(r\ggezt\/\%%ﬁrto o&rz?)%m I%azoé U e1 %n Eilt}tl f%drl%ed g ?5om
tenperature for 30 m nutes by which tine aII the solid which had forned

di ssol ved s evolved at. this stage so a gas. bubbler was pl aced

on one of (11%)51{(4aﬂk%ﬂﬁé@k@'me€@tlérp§(ﬂﬁ@0’1}ﬂ19th inpeh-ripgrgilinetiditidd- over 10

m nut es. the m xture was
extracted W}dﬁ&%ﬂ%* ?éldgiggtgrgnﬂ m%gﬂﬁ%ﬁgﬂ Ezlg)organr c solvents were then
dried (MySH), filtered, evaporated to give the crude product. This was

t hen di sso Et Q 100 nd d to stand .in the freezer
over ni ght R ‘Eéﬁ?ﬁ >dgfydro "tiﬁ PPReay meﬁg@&nem) \werinydmethybes
washed wi tjhy_ji dI%QHJI‘éﬁ-lﬁthzo{?@3rﬂ])l @%Q%Iﬁ%&ﬁnéﬂ%ﬁﬁﬁéo to give pr oduct as
a white solid (45.660 g, he'filtrate was evapor at ed
and the residue was chromat ographed (0-25% Et OAc/ 40-60 petroleumether) to
gi ve recovered starting material (7.264 g, 34.9 mmol ), and product as a
white solid (8.038 g, 27.99 2 mol, 10% . The product from
recrystallisation and chromat ography Mere identical by NVR and LC-MS and so
were conbined. [ES MS5] mlz 287/289 (WE, 100% . (c) Butyl

(2E)-3-1-2-112, 2-di et hyl pr opanovnam nol - 6- ( met hyl oxy) - 3- pyri di ny11- 2-

pr openoat e A m xture of

o~ - oy . - - " o o e o~ o~ o — &



(h) 1,1-Dinethylethyl (1-

{1(2R) - 4, 9-di oxo0-1, 2, 8, 9-tetrahydro-4H, 7Hi m dazoi | , 2, 3-0-

1, 8- naphtworoevdi®syl | net hyl } - 4- Di peri di nvCcar banat e.  PCT/EP20099841GT i on of
(15)- I -(h ydrox yneth y1)-1,2,5,6-tetrahydro-4H,9Hi m dazo [ | , 2, 3-
U]-1,8-naphthyridi ne-4, 9-di one (1.909 g, 8. 67 rrrml) in DCM (100 m) at OC

d Eti N .4 th
e O LA 5 a2 B TROBAETS s o
rt and stigneehyal- 4L'\i,;%éé%riny%)langn(ﬁ%tﬁﬁpgtﬁy%m&a&byﬁ@rﬂwaﬁlym&ﬁl&{d@at ed with

sat ur at ed "agueous and the m xture was ‘extracted with DCM
(2 x 100 nt). The conbi ned organi ¢ sol vents Were then dried (My504),

filtered, th t t -
o oot el PR G e b i S S T B RS PN ety
met hanesuldiigad-eH 8liha§5\@a&n@&a55@ﬂaymﬁ lieRe- gr8yd16i#¢0\l (100 m) and then treated

with pyridine (1. 402 m, 17.34 nmol ) and 1, 1- di nmet hyl et hyl
4- pi peri di nyl carbamat e (3 47 g, 17.34 mmol) and heated at 70C for 20 h.

After 20 i 17. 34
mol ) and ﬂfég Zilg{][ fﬂ g‘gkwﬁ?gw&ﬁtﬁ% ?ﬁ&%ﬁ%ﬂﬁ&ggggﬁ@ ? lg?ﬁddéﬁg ature
was incr ealseeldyl}o Zr&ﬂhwpo IHEHL 241 8 BlrdrkaRbiphtincherR8alioen was stirred at
this tenperature for a thither 4 h. The reaction m xture was then
evaporated, treated with saturated aqueous NaHCO (200 m) was then added

and the m(%chfo ge{‘[gﬂ@% 9@11664&112'8@9&034151 AR zo[ T3 gP'i"%' ned organic

sol vents were t | t'er ed, evapor at ed to0 gl ve the crude

product asmlahtbymm 1syiﬂmdhyl[} E‘Spilﬁlldmwbamﬁ@]r(wﬂﬂyﬁphﬂ@ﬂ)%dhyl @catate;

1, 1- Di et hyl et hyl

(1-1[ (1R) - 4, 9-di oxo- 1, 2-di hydro- 4H, 9Hi nmi dazo[ 1, 2, 3-ii] -1, 8-

Qaghé hyri It gipla) i-{{d( Icﬁ]lédro-tﬁét‘lQiyﬁﬁl’x'yet@&ﬂ-yf)yr)diﬁil,ﬂ%ﬁ&hﬁt}Qmino)-l-pip&«icﬁﬁ’}lyt' on of
i met hyl et -

[(21)- 4, 91@htby&bl12 ihgdi9-4tbPHainyidazel WH37Hr h8-daptsfriding@4yprdiang- napht hyri di n- 2

-yl ] et hyI -4-pi peridinyl)carbamate (5.710 g, 14.19 mml) in 1, 4-di oxane

(50 M) at A was treated with DDQ (4.83 g, 21.28 mmol) and then heated at

120C for Xiky- lT@e{[(@—@Elbfd)Sl-n\iﬂliyltjlﬁyhdagﬁﬂygdleﬂ@l]rahuno-ﬁhB—pf@ﬁdﬁﬂyQﬁlefﬁyX]t upe was

treated with saturated aqueous EIS(V 1000 m ) and extracted with DeM

(3 x 500 rithydroriH, %mdﬁ@dléﬂgahﬂé% Peridgevist-gionpien dried (MySO4),

filtered, evaporated to give the crude product as a brown solid. The

reaction was repeated using a further portion of carbamatc (2.889 g, 7.18

mol ) i n 11R)-th[ @ Hioe chIDtb-fncthylt 3 p Righ {1 n &hdl |anind P-1 piperidinyl) mEtllr Bact i on
was perfor rked S, nd .t he conbi ned residues were

chr omat ogrdgfeiﬁéﬁgﬁﬁﬁ T*_Qu[g,&?‘ ﬁ?gglap Wﬂfi’é‘ﬁrﬁ%g;ro‘?@F t hen 0- 20% MeOH: Et 0AC)
to give thgqproduct as a brown solid (1.532 g, 18%. [ES M5] mlz 401(MH vy,

1009
( lR)/() 1- 11{(;%_1%\)?12{{{)4 ﬂ.{-[Din;mhjrleﬁ ttuflhonetieytiyl)-3- pgpldilinm]nhledn-yh}laln@md))i]m dazo[ 1,2,34/1-1

, 8- nap hth I’Jdl tlon of Iethyl (1-
A e IRt ST R T SN T S KA A L
yl -4-pi p%@,ﬂ@cﬂmgg@rbarrate (1.532 g, 3.83 mmol ) in chl orof orm (20 m ) under
argon at rt was treated with 4MHCL in 1, 4-di oxane (10 m, 40.0 nmol) and
stirred at rt for 0.25 h. MeOH (20 n1) was then added and reactlon was
stirred for a further 25 h. The eyapor

Criturated witER “g%rﬁf?poufﬁse"fs% Tt t‘mﬁgmtaﬁ e’“sglrnﬁlel%yoﬁﬁl vfg’é’%?)al 1S°mer
[ FYDU/(; e preduedix@sesadfiNoewns il rdtigs] e%&c@mldﬁﬁ&ﬁre& [B% 1M5éntfﬂnzin(aﬁdf(s|‘dlﬂ+
100%) . , . . : : o

1- [ (4- Ani rech fogmpdp rpaﬁtwyl@ﬁﬁxewﬂlsqmzn@ fHydr Sonsxaomle ticdayation mebudep) - 1, 8-

napht hyri

(Exanpl e %%15&?10?&% dT\/\I/gésq(ﬁg%{ae yfzgé 5# gdrc %ﬁﬁﬁ%a%@?? F% E%k%ﬁ% I—%n?@g

m crons)) oard bl euimetntiond encahcisner ay@n\&mlsmrma}pbeedﬂmeh bypcheehtional The
crude di hydrochl orijd s dissolved in MeOH an ter (1nl) and applied to
an SCX colSyMAcomgHo &%ﬁm&p&a@a %P%Wfﬂetélﬁlsmﬁﬂ ¥&l umes of MeOH). The
colum was then cluted, under gravity, using (i) MOH, (ii) 0.5Mamonia in
McOH. Appropriate fracti ons were conbi ned and evapor ated under reduced
pressure to gi vdetmd agdd8Bidtioms the title conpound as a beige solid. (k)
Title conpound: (1R)-1-[(4-1[(5-Chloro-6-nethyl-3-pyridinyl)nmethyllam no

[ -] pi peridinyl)methyil-1,2-di hydro-4H, 9H i m dazoi |, 2, 3-0- 1, 8- napht hyri di ne-
4, 9-di one hydrochl ori de. A soltion of

(1R)-1-[ (4-am no- 1| - pi peri di nyQret hyl ] -1, 2-di hydr o-4H, 9H m dazo[ 1, 2, 3-i ] -1,
8- napht hyri di ne-4, 9-di one (119 ng, 0.396 mmol) and 5-chl oro- 6-

met hyl 3 pyr| di necar bal dehyde (for a synt he5| s see W)2006/ 137485 AI Exarrpl e

i'Ve the



(b) 7V-(2 2-Dinmethyl-1 3-di oxan-5-y1)-6-(nethyl oxy)-3-nitro-2-pyridinam ne
2-f [6-(Methyloxy)-3-nitro-2-pyridinyllamno -1, 3-propanedi ol (53.93 g,

228. 7 mMONVY 20608148398rred i n 2, 2-di met hoxypr opane (900 m PCuARer098sgi6h and
p-t ol uenesul phonic acid rmnohydr ate (1.00 g) was added. The m xture was
stirred at room terrperature overnight to give a clear yellow solution. This

saturat ed aqueoyS RERCRE 0! Ty RSB B BB o0 BTNt R gdtbys
stirring (gﬁ&fpef{a\(rﬁ%cleﬁcﬁéarbo-lfhﬁoﬂk XERERp NRST @LQQE% %ssﬁdlﬁa&qaﬁ@r @91,

m nut es, en the remai ni ng water was absor dition of anhydrous
Na2SO4. Theprapyt woerems. filtered with suction and the solids were washed

th DCM (500 The. rIb |.t hi t ed
Under reduced praEsiPe e g JEIGun FONR BT aAT Sl R E v PURRGfh°
pet r ol eumigbheispedOtteQern ued” dshBedR@kidNEfersidel DR, icHlor&8nd¥lomo groups.

2009/ 141398PCT/ P2009/‘956177 isolated by filtration with suction, washed
with petrol eum érﬁlhequ( 402 600xyaAtusdhegin wders & @Ft\‘?@ghth?ébﬂn@h@ deipound as a

bri ght I (RE B 9 E =1 Ve N2- 2
2r :I)lgrre i Kefllk%\géi dAd _ﬁ@_l t%) ﬁ%arl?&@t%m% §x%@élem)12 456%%%85 1ncl(18g

N- (2, 2- Di niedthyxly; &thaxydlpmxiyandis)opﬁ)p()ﬁyt hyl oxy) - 3-ni tro-2- pyri di nam ne
(35.00 g, 123.6_mmol) was divj ded into 2 aliquats, each of which \'g/?s t aken

up in | 4-di oxdhe iBosompounds et iednyeiont ayussd deteimmeny 4erreRauBeRt (past e,
1l ww W'pfoﬂnwat(?ror aﬂphgﬁna)euﬁmgracéam@émem BYIAE ARPOPIRS thrq a1 T oOm
tenperature for he m xtures were ltere suction though

Cel ite, usbmgomrdytithbinaeken” amdns akiong of drecangpounds off the iventiacis deffintdhe
product with air. The solids were washed with 1, 4-di oxane and t he conbi ned
filtrate PR washi ngs were evaporated under reduced pressure to give the
title compound @grtRerARER 11px!dﬂ]p$eeu1ﬁ1'eistoodttﬁét§)h¥@§s HRBAs MEEApAIGloY Folndige next
step. [ES M5] niz 254 (MT- ). d) Eth

N-1-2-112 (Dndnarpe@m}areqtlc@lldlamtﬂb g@ltloaﬁi n@lde hetendt on/|corppuisls of the

pvri di nyI| I nat e ude 7V2s(2, 2- d|

, 3- di ox an-%e%?ﬂ?n 6-( mt?lh‘{?fio%y‘j‘coﬁnpﬁsspthgf TR ?nf}pr/%’rmt‘%z(é) & PRsBIAreyiedlly

di ssol ved abCepaddbity chltQi N-BMde 05012 cﬁhl)poUIITtﬁQﬂ’Fcﬁr Wlﬁﬂﬂaﬁﬁglyadﬂl@b@%ﬁ@m (37.56
g) was added, followed by ethyl bronpacet ate (12.31 he m xture was

stirred acepEbla ewfunational ﬂéﬁﬁer Ay wanef sl b@ﬁtngvca@mp&meéae@rf@ler

duced h I d
educed pagRats: Aol ERSUDLRrLELPLOMH LU BRI 8%
washed w MNroxit elier¢c30navhypassis aedam\aeeuthlaﬂﬁ@écepfalblet @tte)cﬂ aandlpeump@ﬁ at ed

under red ced pressure. to give a dark red oil, this taken up in a

mi ni num of Otseﬂhaéﬁde} S e3P ac%?f% of %HLH?%?QTP%H&?Y@H aIKfEGO( 2l uted with

5% 60% Et Qi bﬁh(p@ftffd?ﬁﬁ}ér@l)eéd@learsa(t‘b@ aQQn%)))uncﬁpﬁ&Hﬁﬂaa(tlf fractions were

conbi ned and evaporated under reduced essure to give the title conpound

as a dark orangé will be(ﬂﬁhd?apgrecaﬂ%that[eﬂil&rpﬂlhm ﬁormstdeOfdh} and V\D

2009/ 141398PCT/ EP20 f0 /056177 2-Di met hy1- PI nmet
lox 1 4- dich? 1r06neir%|8 gOIBB(}IiIHiS hffli engﬂg or mixt resé%ﬁlsep are contemplated to

7V-12-1(2 b@'\ﬂtH'ﬁ?’éHé}ééoﬂe of thd ﬁPé@é’h‘t ArhtiGUdss StHepRis B ¥pLxd-(Ror exarnE|

pyridinyl]glycinate (35.42 104.4 mmol ) was dissolved in dr F (500 ni)

and the sof |thmahﬁoals},1te&1@redclmmﬁw»s§bom)eforzompp@nc§ of dies lédel(t@)@)WIQdS pensi on

of sodi um hydri de rsian Ir THF (500
) onder Pavgeis SetiPedlrt Aad SRR HoREB R PRl i flulehd Chinged

fromor angenthﬁnsgrleemxﬁlifeeoﬂamﬁtwneeryyae etacéﬂh&dna;ttuxeef%@ernnani‘ew tTiREe thay

m nutes, then allowed to warmto roomtenperature and stirred at it for 1
h. The mi PEaFRAr4ied uepe e chiopCteahpiqdes e eeeN RIEL( 15 M) was added

cautiously with f. q

ef f ervescence hgéhl%g)gg%s @éﬁérinﬂ%ttgfrgeﬁﬁgggﬁﬁg%%d%?gﬁm%??n}trecﬁstggﬁrﬁed

t enper at uf®naswdvatts suckds ﬁqueoas hnd drganidisblurtis. Wi gueh EbLAsolf &0 mal beand

filtered with suction. The solids were washed with Et and the

conbi ned %qnfqdat ipiyentigRd TR wa&l}lelté§%9@8rsal<éaoraﬁ&er30@éaé gudgﬂ&)essur eto

gi ve a darkqRiQwe w%‘ﬂ'a!s% n}@hr?ds%ﬁtaﬁﬁﬁg’ V&b énﬁb&%dﬂbeﬁ%@t%ﬁ%r be( 40- 600)

(500 m) plus EtO0OAc and filtered wwth suction to give a lighter

br own sol |pd0quc¢:hymessa$md apdyophpisstial. eum et her (40-60) (100 nl) and

air-dried to afford the title conpound (25.37g, 82%. [ES M5] mlz 316 (M\a
. (f)

4-(2,2-Di net hyl-1, 3-di oxan-5-y1)-6- (nm8t hyl oxv) Dvri dol2, 3- bl ovrazi n-3(4H) - on

e 4- (2, 2- Di et hyl

-1, 3-di oxan-5-y1) - 6- (et hyl oxy) - 1, 4- di hydropyri do[ 2, 3- h] pyrazi n-3(2H)-one

(25 3_7 g) and acti vat ed [ranganese_di oxi de (120 g) were st.i r_red in DCIVI (SOQ

h



1, 1-Di nethyl ethyl

{1-](83, 8-di oxo-1, 2-di hydro-31-f, 8[-f-2a, 5, 8atri azaacenapht hyl en- 2- yenet hyl ]
- 4- pi per iNuprgoY14e8bamat ¢ (9. 735 g, 24.25 mmol ) was suspBEmEPAMHSDCM ( 90
m) and 4M HC1 in 1, 4-di oxane (45 m) was added to give a bright yellow
suspensi on (and gas evolution). The bright yellow m xture was stirred at
roomtenperature.for, 1 h. Th ven s, were remved unde reduced pressure
to give the crudICaHNRNRG:§ (Bl HLb#P JHENGPEI PN APBRPRGERCH) i d

(10.420 g)coﬁﬁ%ﬂﬁlﬁbﬁﬁ PG fRALMBE uSRIMESY that in partlcu-lréf'%nibaﬁﬁﬁgn@s ey OChl ori de
(10.42 g) was resolved into its tw enantiomers by preparatlve chiral HPLC
using a 4pmm¢hed@msubﬂtmmllxmu(62f©rrm for @?rm’I)plpaelpastéﬂ%mlr@ommﬁumhlhaﬁeasm 0.1

pasel | ne. roLon U Pk AR ang 8 ik 7B e ALe ke SFran B TR s 0BReE, - ™

fraction gndwEightba8iRRNEm fephafohd 6T thé &8n das b QséBRk ptcprih h%99 8 ee
cach. (2R)-2- | L4~ At fo- ﬁgipge%’fd.%ynéeth RARES InafeBG st ok Pipih

1- 1, 2- di hy&@hre p8q fgrnoesed llsﬁﬁrnhaga%@e%%ﬁ@mmsetﬁ@wmhssqﬂﬁwri picpatatiesrionent

() oSt it At il 30104 Bl PRl GRER Sy mpeg> YOI T2 202

(23)-2- [(@aﬂmhﬂylfronpilow B%ra)yh)cmphlyﬂd oflE a2malany dsrph3 i & e Iy, 8a-
triazaacenaphth 8- di one (second conponent eluted): (3.30 g, light
bei ge sol iaacepé’rl??(er%ﬁqqﬁ@m doghesepfcc). [ES MS] miz 302 (W. Optical rotation:
al pha D = 4122 bah R MEHecphofiShi oMR: 2O0B AL BIRELT FRRONSARRL 77 (1)
Title conpound: 2R or o- 6- net in met -

pi peri di nytbl)drﬂdhyoh]or Quaenhlaf;yainmoﬁlldnﬂidltiafpﬁewnlc iheraalktewdhmihghleaveds3, 8- di on
e hydrochl or ﬁ ol uti

(2R) - 2- (& gahvﬁfacalo'afaa e Px‘%Hf}C Mirs QPRGNS 19198195 QKLY GBaacena
pht hyl ene-3qtf}: i, Q3irflc, FBhleif; c@t%@ BRbik, uSne8 gﬁérﬁc %&Eﬁﬂwﬁ{pﬁonlc

pyri di necar bal dehyde (for a synt hesi s see 2006/ 137485 Al Exanpl e 256)
(32. 7 ny, nepith@emasplphonin aaldmrxartmle agfds DEM(claspeatiof therdvasion thes8t el was

stirred at_room SAREr af une. for C 312 73 mmol ) was
t hen addedomﬁaqui] rﬁlmﬁuur 1Stl rrydd0 arptlondec?mt nrr?)n(aoa[%etr(a§p60t 'fnlgéesait (ggctl on was
noni t or ed chypbeddo frmotem) & hd dib pHiver 61 Qs aha iR E6k, Fdrfnull@(cB muyenc hed
with 10% NaHCO3 and extracted with DCM. The or%anlc | ayer was dri

(MySO4), fisethemarparedys thoNcaende: dihe dnvention extegsite pl su¢hoisltpgng Na@%des

chromat ography using Flashmaster I T, a 29 silica gel cartridge, and

m xtures of DCM and MeOH as eluent afforded 34.6 ng (0.078 mmol, 37% of

t he expect@inpruodiPitepagatidre free base. It was dissolved in MeOH (6 m). HO

(4 Msolution in_1, 4-di oxa 0.019 m_, 0.078 was ded dropw se and
the mxture stil ?ﬁ@%heaﬁsne%ﬁ? f@ﬁﬁ@%@ﬂﬁ@@%‘iﬁ@%yg&]ngmwe‘?ﬁ Of FEPENM L ent was

evapor at egqy) Ff@ﬁ&ﬂsm@oﬁﬁm@ P8 ?ﬁaﬂﬁ%&ﬁc@ll? SERplaB AL 0PN-oHi R AEeof,
(2R) - 2-[ (4-{[ (5-chl or o- 6- net hyI-3-
pyri di nyOmet hy [l an¢ axpketle pitplele ipdbaeyseroriinstd the réactibhpdmee 4d aBkic2a, 5, 8at ri az

aacenapht hyl di ope dr chI oride 127 mmol ) was obtai ned
eyl | GumaRNe Eoninilare 3 ko iapeed 5o TS 1) B 8o (0. 1H)
8.10 (s, 1H), 7.85 (d, 1 .73 (s, IH, 6.25 (d, 1H) 5.07-4.99 (s, 1H),
4.36-4.17 (s, 4H), 3.04- NEIH)’ 2.86-2.72 (m 2H), 2.55 (s, 3H),
2.25-1.96 (m 5H), . [ES M5] mz 441 (W. Exanple 2
Compound: Synt hesi s of (2R=2-[ (4- {[(5 chl or o- 6- net hyl - 3-
pyri di nyl |<ﬁreth ]anbpo}-e? pi peridinylinmethyll-1, R¥i hydro- 3H, 8H2a, 5, 8atri a
e

zaacenapht ; } hydr ochl ori de, usi na/Pr eparative Schene (4) C
ONNO CIH (a) (2R|—2j[e6-(Methyloxv)-3-n|tr pyrldlnvl 1 am no
- 3-1- (phenvl 0x¥¥1-1- propanol To a kﬂl;tl on of

in EtOH (3.6 L) was

h
(R) - 2- ani no- 3- Henzy¥oxy- | - propanol (698.4 g,
added EtiN (1.27 L, 9.11 nol) in portions over 10 m n. Then a sol ution of
2-chl oro-6-rrethog 3-nitropyridine (672.7 g, 8!B67 nol) in EtOH (0.6 L) was
added in portion c}ver 10 min. The m xture was heated at 78 C for 2 h. The
reaction mxture was cooled to roomtenperature and added to stirred
ice/H20 (8.4 L). The m xture was extracted wwth EtOAc (9 + 6 + 3 L). The
extracts were washed with brine (6 L), dried over MgSO4 (-900 g), filtered
and evaporated to give (2R)-2-{[6-(nmethyl oxy) -
3-nitro-2-pyridinyliamnol -3-Rphenyl net hypoxy] - 1- propanol (1373.1 g, 115%

as an orange oil. (b) NU1S)-2-;
111, 1-Dinmret hyl et hyl ) (dimethylisilyll oMyl -1- |1 Thenyl net hyl ) oxy- 1 net hyl
| et hyl ) -6- (net hyl oxy)-3-nitro-2-pyridi nam ne To a sol ution of

(2R) - 2-{[ 6- (et hyl oxy) - 3-ni tro- 2- pyri di nyl ] am no} - 3-
[ (phenyl met hyl ) oxy] - 1- propanol (675.8 g) in DVF (2.37 L) was added



A mxture of 4-((1S)-2- {[( | ,1-dinmethylethyl)(dinethyl)silylioxyl- | -

[ (phenyl met hypoxy] net hyl | et hyl ) - 6- (et hyl oxy) -1, 4- di hydr opyri do

[ 2, 3- b] pyW@20093(42318- one (250.4 g, 0.547 nol), Pearl man' CTHAPANYHF61(25 Q)
and 10% Pd/C (25 g, 50% wet) in EtOH (5 L) was stirred at 50 C under 5 bar
of H2 for 3.5 h. The reaction nixture was filtered through celite and the

Ij: lrr:a'[ ﬁ;? e}[Aﬁfll )e % e?é{li hy%zt ]C_)Jy Sve nd n5are as de{ﬁ[ngd n Formula (D), and W is an

- 1- (hydr O)Sl/d’éﬁ%rdfyl%@fewl@HﬁO fﬂ%trg%ltleﬁl%m 1a4eductlve amination reactlon typically in
di hydropyri do[ 2, 3-b]’pyrazi n-3(2H)-one (191.2 g, 95% as a dark bl ue solid.

(g) 44( | te)pescheg Q a g_ed@plngtaggnt@uﬁyas)spdmnebmhjwbw or W is a bromomethyl
-1-(hydro th ol ution of
ST IR I PN i b8 8 13 BRI s B otven AP

(hydr oxynmdmnﬂ%omdtaﬁfo(emet c@afirre; |

, 4-di hydropyrido[ 2, 3-b]p a2|n 3&5;&one (494.1 g, 34 nol) and M02
(584.4 g, 6.72 Seslor cxampleninitig M grot §.M- édvmcedwgﬂ@lé@émfm Witeyr | h.
The m xtune %ﬁ %Itered through celite and the filtrate was evaporated to
give a purp White solid. The crude was purified by col um chromat ography
and m xtures odemqnmaaeotéﬂ’uimEIaO(M)aﬁ aghlt €orin, @, gjzdtecmt)rieﬂé@t&ogn (a&Me of
4-1(1S)-2- ( ( 1 d|nethylethyl)(dlnethyl)ml ] oxyl

_ 1- ( hydr oXysfeiiisererpssitodorn aamAgungs ¢f b9 (1 irga br]lbﬁsbrr&z. n- 3( 410- one.
11-1-NWR (6, &Qﬁlgslaf Fcﬁ‘m:ﬁﬁl(ﬁ 4? B ch e Hﬁl'dg%la( 'rloﬁb'%repgraz 9 {Ghemtt) . 6. 00
(bs, 1H), 4. 30 4.20 (m 4H), (m , 0.66 (s

9H), -0.046 (s ,On%"sﬁlch Sc@mﬂ@%&tﬁble% eorﬁﬂ%ﬁnﬁﬁn Whigh 3665 CWand Z(Zhl); Nis

(25)-2-(1 (% EHEE hyl ethyl ) (dimethvl [ylioxy

[ met hyl ) - DCOAF AYRCOYEH, 8H2a 5 8a-tri azaacena hth | ene-3 8-dione To a
solution of 4-[(15)-2-{[ (1, 1-di net hyl et hyl) (di methyl)silyl]oxyl-
(hydroxyng%ﬁ§§%$ | ]1-6-(met hyl oxy) pyrido[ 2, 3-h] pyrazi n-3(4H)-one (1g, 2.74
mol) in 0 nmL) was added Et3N (0.953 nm, 6.84 mmvl) followed by a
sol ution of nethanesul fonic anhydride (0.953 g, 5.47 mol) in CHG (50 nl)
the reaction mxture was stirred at reflux tenperature for 5 h. The crude
of reaction was diluted with water, washed with NaCl, dried (MjSO4),
filtered, and concentrated. Purification by flash chronmatography using a
40g silica gel cartridge, and m xtures of DCM and MeOH as el uent afforded
(257)-2-({[ (1, 1-di met hyl et hyl ) (di met hypsi | yl ] oxy[ net hyl ) -1, 2-di hydr o3H, 8H 2
a, 5, 8a-triazaacenapht hyl ene- 3, 8-di one (0.806 g, 88% as a tan solid. 1H NWR
(8, ppm CDCb): 7.84 (s, 1H, 7.75 (d, I H, 6.35 (d, IH, 5.13-5.07 (m
1H), 4.53-4.35 (m 3H), 3.82 (dd, 1H), 0.66 (s, 9H), 0.00 (s, 3H), -0.13
(s, 3H. [ES M5] mlz 334 (MHF). (i)

(25) - 2- (Hydroxymet hyl ) -1, 2-di hydro- 311, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-
di one A suspensi on of

(25)-2-(1[ (1, 1-di et hyl et hyl ) (di net hypsi | yl ] oxy[ net hyl ) -1, 2-

di hydr o- 3H, 8H- 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di one (42.6 g, 128 mmol) and
Dowex 50X2-200 ion exchange resin (50 g, 128 mml) in MeOH (1000 nL) was
stirred at roomtenperature for 15 h. The reaction mxture was filtered to
gi ve (25)-2-(hydroxynethyl)-

1, 2-di hydr o- 3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di one (26.55 g, 121
mol, 95% . [ES M5] mlz 220 (MN. (i) 251-3 8-Dioxo-1 2-dih dro-3H 8H2a 5
8a-triazaacena hth len-2- nmeth | benzenesul f onat e To the
suspensi on of

(25) - 2- (hydroxynet hyl ) -1, 2-di hydro- 3H, 84 2a, 5, 8at ri azaacenapht hyl ene- 3, 8- di
one (26.5 g, 121 mml) DCM (320 m) was added benzenesul fonyl chloride
(23.38 m, 181 mol) followed by EtiN (39.6 m, 284 mml) The reaction

m xture was heated at gentle reflux at 42 C for 2h. Then, the reaction was
cooled to 5 X and 2-(di net hyl am no)ethanol (7.30 ml, 72.5 nmmol) was added
dropwi se. The crude was stirred at roomtenperature for 30 mn and TBMVE
(600m) was added. The obtained solid was filtered. The resulting solid was
suspended in 100 m 1N HCl1 and washed with water and TBVME, dried to give
R25) - 3, 8- di oxo- 1, 2-di hydr o- 3H, 8H 2a, 5, 8atri azaacenapht hyl en-2-yl] net hyl
benzenesul fonate (37.04 g, 85% as a creamsolid. 1H NWR (8, ppm CDC13):
7.79-7.69 (m 5H), 7.57-7.52 (m 2H), 6.38 (d, I H), 5.19-5. | 2 (m 1H),
4.92 (dd, 1H), 4.47-4.38 (m 3H). [ES M5] mz 360 (MN. (k) Title conpound:
2R -2- 4- 5-Chloro-6-nmethyl-3- ridin ¥eth amno -1-

pi peridi nyl)nmethyl] -1, 2-di hydro-3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8- di on
e hydrochl ori de To a suspensi on of

[ (25) -3, 8-di oxo-1, 2-di hydr o- 3H, 8H 2a, 5, 8atri azaacenapht hyl en- 2-yl [ net hyl



CF, (a) 6- Meth lox 3-nitro-2- ridinam nc A sol ution/ suspensi on of
2-chl oro-6- (et hyl oxy)-3-nitropyridine (65.7 g, 348 nmol) in 2Mammonia in
MeOH ( 500W01200918088mol ) and aqueous amoni a (500 m, 32B8TMHEPRP/OHAI7 stirred
at 65 C for 18 h. The reaction was cool ed down and the solid filtered off
and washed wth water (2 x 100 m). The solid was dried in the vacuum oven
at 40C overnight to afford the product as a bright yellaow solid (52.14 g,
84% purity by NVR, 74% . [ES M5] miz 170 (MHF). (Db) 6-(@§Kﬁyloxy)-2

3- pyri di nedi am ne 6- (Met hyl oX3) - 82 ni tro-2-pyridiqampe (26 g, 129
mmol ) was suspended in EtOH (500 m) roon1tenperaturg\zﬁger argon and

t hen treateg)mjmh @alladiunlon(@arponNL15 g, 14.10émmN) 10% paste). The
reaction was tirfed und®r. 1 at re of hyBkogen Wverhi ght. The reaction
was filtered haCelite pa | t he pad washed~wiAh Et OH (500nmt).

Et OH was evaporated 2o afford the prodbct as a pur pl e,0il ("20.68 g,
slightly inpure). [ES MS] niz 140 U{MHF). (c) Ethyl

| V-1-2-am no- 6- (et hyl oxy) - 3-pyridi nyliglycinate (@L

6- (Met hyl oxy) -2, 3-pyridinediamne (21.7 g, estimated 8796 purity, 136 nmol)
was dissolved in CITJCN (500 m) at regmtenperature undgr argon and then
treated with K2 24.38 g, 176 nnﬁ??g1nd ethyl bro cedate (18.13 nl,
163 mmol ). The rdact|{on was stirred room t enper at ur e_oyer ni ght. The
CH3CN was then re ed in ¥acua.| The re¢acti on“as |repeat ¢d using nore

6- ( met hyl oxy) - 2y 3- pyridi mediam ® 88 g, B7% pUr 29 mmol), in CRICN
(500 M), K21 3.%3 g) and ethyl pronpacetate (1Y.27 g) and the reaction
was again sti room t enper at ife gvan i ghf and e >@h,- 1, 3CN was t hen

removed in vacuo) the residues werespartitd oned betwsen water (1 L) and
Et0OAc (1 L) and t$e ers separated. The aqueous | ayer was extracted once

nore with Et0Ac (1oL) an conbi ned organic extracts were dried over
MySO4, filtered amd evaporated ford a purple oil (64 g). The oil was
treated with DCM (300 m) and the inso impurities filtered off The DCM
sol ution was | o onto a 800 g siljea golu nd el uted with 0-2%ve0H DCM

to afford 40.6 of | desi red product as brown solid ( and NWVR
consistent|mﬁthq7§@%desir@ﬂ product gﬁfﬁ 15@6cycllzed uct 6-

(met hyl oxy}- 1,4- dithydy opyrido[ 2¢.3- k] p bn-3(2H) song a 6,4 g of cyclized
product 6- (ﬂfﬁﬂ%liﬁ?%-l,4-dihyﬂiEE%I?d 2, 3-b] pyragi 5¥3(F/ ) -one as a
purpl e solid! N ] mz 226 ( Z~\(4d) Meth | ox 4 3-bazin-3 2 -one

a
Et hyl N42- am no- 64 nethyloxy)-3-pyri9ihél]glycinate (49.% g, 135 mmol) was
dissolved in THE % L) at room tenpefattre under argIﬁahnd treated with

pot assi um t enbut oxi de (15.17 g, 435 mmol). After 2 flat roomtenperature
saturated NH4C1 (500 m ) wag, agded and the THF evapoyated. Water (50%?%3)
was added foll owed by 20% Me DCM (1 L); the insolubl® material was
filtered off, washed wigh B'i O and drigd in the vacuugpnven at 40C N
overnight to afford the] desired produft as a yellow so|i1d (15.3 g): L

. f oxidi zed fal present ) .

and NVR consi st ent pr@duct

) a%ati fnnel Sep
aqueous | ayer wa3 extrafted.twice [noré w th,_20% M 1-Ef9ﬁ and
t he conbi ned organie~gxtracts ed over EZ;#;E:L' tered andsevapor ated

The two phases r r red
to afford a brown sglild which was widshed with plenty of Et20 to_gffqkd nore
of the desired producfg%s a pale(grgen solid (7.7q5 . LCVB and NWR b
consistent with product (20% of oxidized material present by NWR). [ES My
mz 180 (WD-amiNot EBPadpaviedipr QBYArdEmethoxyprofdmRyp-toluenesulfonic acid (c)

N-[ 2-am no-6-(neth IQxy)-3-pySidi&il]glycﬁ%ate 16.2 g, 72mmol) was

di ssol ved hyaroger.maHydivefdiaesaal Sdbetry! tap@oewssite &L S:0€) sediempadride od) i ng)

d i Wt i - i IMin THF,
sort. sompars! ChprBiyhE th LAERLEL b RRAAE LARC R M ol and
evapor at edytl@ggh,\palladidardnamohl dj) MhOs (Mps-(NVirert-bukechrbdriyhani@b piperIOt) |

filtered and dried in vacuo (-13 g, quant.), which may be used w t hout
further plli’b’flfiinééSiPHH in lé‘)'glpﬁ@r?vl met hvl

6- (et hvl oxv) - s =i AR b2, 3:R11PVHAZ - 4 | ate
To a solution geg%tﬁlﬁoef:hﬁ%ﬂ(}z%@zwgﬁﬁ%@g gyl lri’?/ g%@ﬁ%ﬁ%&%ﬁ%{ E%?Llile)ﬁ one
(6.35 g, 35prbtavtmlap acetalESDRed(&d6 ofithd niNaldGRip giset amino4)twinnh is(2Datad )
stirred vigorously was added at room tenperature benzyl chloroformate (5.31
m, 37.2 mol). After 45 mnutes the reaction was conplete. The | ayers were
separated and the organic | ayer was dwi ed overMgSOX4, filtered and
evaporated to afford the desired product as an off-white solid (11 g, 99%.
[ES M5] miz 314 (MHF). WD 2009/ 141398PCT/ EP2009/ 056177 (f) Phen | methyl6-
ethlo,.anylMmeth -3-0x0-3 4-dih dro rido[2 3- Db]pyrazine-1(2H)-carboxyl ate




[ES M5] mz 402 (MHF). (k) (I R-1-[(4-Amino- | -piperi dinyl )meth yl]-
1 2-di hydro-3 H 8H 2a 5 8atriazaacenapht hyl ene- 3, 8-di one A sol ution
of 1, 1-diwonrheeiivgl (1- PCT/EP2009/056177

{[ (1R) -3, 8-di oxo- 1, 2-di hydro- 311, 8H 2a, 5, 8at ri azaacenapht hyl

en-| -yl methyll-4-piperidinyl )carbamate (0.57 g, 1 .420 nmmol) in chloroform
(7 m) at rog fure was t wWtith 4 1|n14d ne.(7 m). A
sol i d pred pic ST S Vel iPhehbS aa et sy dgaide skt (s it ur .
After 0.5 %té&@@wﬂﬁ%‘éa%%y@&@?ﬂ(dﬂ&)%& C{'7)’§1eﬁr€§hv&if tol tﬁ@tﬂdﬂ g)f ol | owned by
t ol uene and all the solvents Wwere reno ed to afford t product as a yell ow
sol i d. Cycllﬂ'ﬂﬁeno*rlddteefdiamsdlpbclfmlc@nhyibldmﬁfomssb@mesdatﬁ MOMEGH (4 m) pl us

col um vorr g B TRENFE ChtP R SRl PR B SRR GRSV s g

(1) MeOH (g&vex tfROkdH dioneintelmBdiain¥iRid @ 1). mhivRPddr 0B stép@@la{ﬂ)e thagkd engd

Appropriate fractions were conmbined and evaporated under reduced pr essure

to give 38% (g Roaogonosf mesglatq 1|l e Wit fpdGied-bytesyqubonsamimopipeiiy and 1)

Title compg
4Tr i uoro y amno)--"1 - errdarn neth -
6 £l Qd 1Jo or}b}r %m ?’oﬁt rc]arlblamatem iety. affordﬁ desnec(ijcornlioundoﬁ
2-di hydr ORHnﬂllal-(HA)S 8a tri azaacena hth | enc-3 8-dione A sol ution of

1R)-1-[(4- | - d 1]1-1, 2-di hyd 3H, 8H2 8a-t
b /T ene. 3. - FGHEIIOHY i 510524 Fetor (UM R P 8By Prence or

3-pyridi negay) 16%n PRG-I 1N a mxture of DCM (0.5 m)
and MeOH (0.5 Pﬁg@%’g&gigl r%éod at nggom&t erranture overni ght. NaBH( OAc) 3

(22. 5t8 mg, O. 1Qx71teﬁmﬁv):1yvae§nﬁdiﬁ&1 Blre chiH ggﬁésbﬂftf'oﬁﬂum H}Aqﬁ@wmt zsltfsr{efl at
room errp a was adde everal "portions . unti
starting il eid 27 Svﬁmlét Bh dotgmevem%ﬁ Clﬂleietqszslﬁteveﬁ@rraeﬁﬁteﬁ%d with
10% NaHCOanaﬁdlt&xﬁdrmltbeplumnfbﬂm MAplcTétemcﬁdgameld):wm was dried (MgSO4),
filtered, and concentrated. The crude of reaction was purified by flash
chr omat ography usi ng manual Fl ashmaster TT, a 500 ng silica gel cartridge,
and mixtures of DOM and MeOH as el uent. The obtained solid was triturated
with hexane and filtered under vacuumto give 4 ng (8.69 unol, 24.47 % of
(IR -1-{[4-({[6-(trifluoromethyl)-3-pyridinyl]methyll am no)-1-

pi peridinyl ] methyll-1, 2-di hydro-3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di on
e as a brown solid. 'HNW (6, ppm CDCll): 8.67 (s, 1H), 7.93-7.84 (m
2H), 7.77 (d, 1H), 7.66 (d, 1H), 6.35 (d, 1H), 5.09-4.96 (m 1H), 4.60 (dd,
1H), 4.41 (dd, I H, 3.90 (s, 2H), 3.13 (dd, 1H), 2.99-2.86 (m 1H), 2.73
(dd, 1H), 2.69-2.58 (m 1H), 2.56-2.43 (m 1H), 2.39-2.19 (m 2H),
1.93-1.76 (m 2H), 1.42-1.20 (m 2H). [ES M5] raiz 461 (MN. Exanple 12
Compound: Synthesis of (1R)-1-114-1115-brono-6-nethyl -

pyridi nylimethyl | am no}- 1-pi peridinylinethyll-1,2-di hydro-4H,911-i m dazol |,
2,3- M1, 8-napht hyridi ne-4, 9-di one hydrochl oride, using Preparative Schene
(3) CdH A sol ution of

(1R)-1-[ (4-am no- | - pi peridi nyenet hyl] -1, 2-di hydro-4H, 911-

i mdazo[1, 2,3-y]-1, 8-naphthyridine-4,9-dione (for a synthesis see Exanple
1(j)) (66.1 ng, 0.220 nmol) and 5-brono-6-net hyl - 3- pyri di necar bal dehyde
(for a synthesis see Preparation 7 below) (44 ng, 0.172 mol) in a mxture
of DCM (2.0 m ) and MeOH (0.1 m) was stirred at roomtenperature

overni ght. NaBH(OAc)3 (140 ng, 0.661 mml) was then added and the m xture
stirred at roomtenperature. The reaction was nonitored by LCM5S and when
full conversion was observed, it was quenched with 10% NaHCO1 and extracted
with DCM Stheme{ggni c | ayer was dried (MgSH4), filtered, and concentrated.
Purification by flash chromat ography using Flashnmaster 11, a 2 g silica gel
cartridge, and m xtures of hexane and Et 0Ac and then DCM and MeOH as el
uent afforded 69.5 ng (0.14 mvol, 83% of the expected product as the free
base. It was dissolved in MeOH (3 nl). HC1L (3M solution in MeOH, 38 ul,
0.114 mmol ) was added dropwi se. After stirring at roomtenperature for 20
mn, the solvent was evaporated. (1R)-1-[(4-

{[ (5-brono-6-net hyl-3-pyridi nyemet hAam nol - 1- pi peri di nyOret hyl ] -1, 2-

di hydro-4H, 9Hi m dazo[ 1, 2, 3-y] - 1, 8- napht hyri di ne- 4, 9-di one hydrochl ori de
(47 mg, 0.09 mol, 80% was obtained as a pale yellow solid. 1H NWVR (6,
ppm DVBO-d6): 8.40 (s, 1H), 8.01 (s, 1H), 7.72 (d, 2H), 6.12 (t, 2H),
5.01- 4.89 (m 1H), 4.35-4.19 (m 2H), 3.80 (bs, 2H), 2.89 (bd, 2H), 2.76
(bt, 1H), 2.54 (s, 3H), 2.52-2.41 (m172H), 2.21-1.98 (m 2H), 1.78 (bt,
2H), 1.35-1.09 (m 2H). [ES M5] mz 484 (MH ). Exanple 17 Conpound:

Synt hesis of 2-114-(116-(trifluoronethyl)-3-

pyri dazi nyl i met hyl | am no) - 1- pi peri di nyl | met hyl }-1, 2-di hydr o- 311, 8H 2a, 5, 8at



Exanpl e 59 Conpound: Synthesis of (IR)-1-114-(116-(trifluoronethyl)- 3-
pyridinyl |l met hyl | am no) - 1- pi peri di nyl | met hyl ) -1, 2-di hydr o-4H, 9Thi m dazo[ 1, 2
, 3- U] -1, 8onaphit4iigsi di ne- 4, 9-di one hydrochl ori de, usi ngPRIgpacaiose1a’ Schene
(3) A solution of (1 R- | -[(4-arri no- | -piperi din yOreth yl]- |

, 2-di hydr o-4H, 9H m dazo[ | , 2, 3-0-1, 8-napht hyri di ne-4, 9-dione (for a

synt hesi s see Exanpl e 1((&%) (400 ng, 1,533 mmol ) and

6(tr|flu0|rorrethyl) 3- di ne arbag;yde(ZSS ny, 1.33 OEI;n) in a mxture
of DCM (59 j“\ Q%OIM) %;;[ dd at, roomte 3 or 2 h.

NaBH( OAc) ; ,]Cg 7.°992 mol ) Ren added and t he ture was stirred at

room t enper agure. The r@acti on /3)rmn|tored by LCMS. I‘Néz al dehyde (47 ng,
0.27 nmol ), and NaBH(OAc) 3 (421 mj 1.98 mmol) were added and when ful |
conversi on was observed, it was quenched with 10% NaHCOijnd extracted with

DCM The organi cod ayer was dried (MySO4) ,ogfiltered, and congentrated.

Purification by sh chromat ogr phy usi ng a 70g silica gel cartridge, and
m xt ures of MeOH as, el ue 263 ) &) PeE expect ed
product as t jbase—!—t—wa Is ol ved i mvetH (50 H). HC1 (4M
solution in 1, xane, 0.25 m, 1 rmppl CoRas added 6pwise. After

stirring at roontf)terrperature for 20 win, the solvent wassevaporated. (I R)-
I -{[4-({[6-(Trifl uororrethyl) 3-pyridi nyl]nethyl | am no) - |
-pi peridinyl]neth@™ -1, 2-

di hydro-4H, 9H i m'dazo[ 1, 2 3-0-1, 8-napht hyri di ne- 4, 9-di one hydr ochl ori de
(238 ng, 0.480 mmol, 36% was obt ai ned s ,a beige solid. "1-1-NMR (6, ppm
DVBO do) : 10. 218, °"tH), 9.01 (s, 43(d 1H), =6 (4, 1H), 7.79

(dd, 2H), 54>0(bs 3)6gmo ©80-3.66 (m
5H), 317(bsm;]22 17 (bs, QEEEE mz 46 T\l@[i anpl e 60
Conmpound: Synt he, i's of (1R) - 1- 1[4 (1[§ methyl 6- (trlflu gomret/ushyds) - 3-
pyridi nyl ] met hyl ) am no)-1-pi peridi nyII
met hyl } -1, 2-di hydr o-4H, 9Hi mi dazo[ 1, 2, 3- i]]-1, 8- napht by @b ne- 4, 9- di one A

m xt ure of (lR) 1-[ (4-am no-I - pi peridi nyOret hyl ] -1, 2-di hydr o- 4H, 9H-i m dazo

Elmit ﬁyl éb o DR ey W@%@% S5 AHAIPLE s ?éé’etﬁe e s, 57
|hydmgnrm§ gmmhawatﬂg&t\@qzaﬂﬁmmw g iglhn‘érld@(lh89 mol )

i n DCM (7 "I'lj& tl%n'egtﬂfb%coé{ﬁ"yﬂl‘l@éq& ‘t%tnzggsulk&gclﬁ@n@@e crude product showed
eria S, present of thelir ESI red corrpound was

i minc and not’ start
2.59 [ MkH] + 47Rosct 1@&#”@8@14%@#@? HOsY bk PHIMPSHYBeivth hihamige (8) 8% ol )
was added igamddige (B)XPﬂd)lt@tMﬁSf@)Wlﬂﬂdrtfhmltyll’dlﬂﬂ@thlyﬁﬂylc%ds Igtwedﬁt)l mnc so 1

adueous SQTEHIE IappBRaERe Gbr R GimaLy" Raisdd® ERyERY SiRrdR e unci 1 o
pHY was achi evédclidienof (@rvag bpIeﬁ?seedesthes&dmadt}eidldwancﬂtﬂﬁﬁ:ltdeambnt sothat ed,
dried ovep, 2&969 ep%ﬂgéhﬂ &%td%gﬁéa‘?alﬁ gﬁﬁrﬂgrﬁféa%h&@%%‘aﬁ%f%H”der

reduced press resi due was pur ster r omat ogr aphy

on a 2g simhgnganege I(Hl:%Zifltift pfgfecatimpnigy 1@@0?%@?%“ éb%? wphysbidgighves ke dhisat ches

(9.3 no) . iHinddRit¥esn E@dbiﬂr@t%@t@& v)tthttlm ite) %ﬁ@r&@féﬁ%ﬂﬂmeﬁ@ﬂ’esh@ﬁcms
consistent with the desir udn % + 474 €?|1 lPurlty 95%
Exanpl e 7 fn PR enzgyeﬁ %Eq ¢ to give (10) as an enantlomerca y pure

( ﬁ (r:]hl O{jO-cémiD[)(lIid- Ihe ﬁR)syléte%rdie@z@eélulﬂmﬁlbmy@rfoﬁhéc&Hay thedawz(a[)ﬂ.veﬁ.‘tea-tcb ﬂie— 1, 8-na
pht hyridin-1 e ne acetate
(last ste 6511 é’ oi]ﬁnuﬂﬁl@aiaﬁ)& Hpal yqpl‘d}{e ‘%argdet 80rn un uotspgjoa t'?laraé a%qggu

For mul a ( deR®yibedhedeich Wis a bromonet hyl noi ety

(1R)-1-[ (4-ami @Qlo%&'sﬁﬁtﬂedktmﬁg%p%dlp&m%sq{QMQB(Z'HHN%THZQ g@t@[lsl 2,3-W, 8-
napht hyri di ne- 4, 9-di one (Exanple 1 step : ) nmol’) was

di ssol ved SiChem@&)cbﬁlOtV\rl le (5 nmL) and [4- (br ormrret hyI ) - 2 chI or ophenyl ] et hyl
acetate (34.6 ng, 0.125 mol ), potassium carbonate (31.3 ng, 0.226 nmol)
and sodiumiodide (0.848 ng, 5.66 Rml) was added | eaving the reaction at
room tenperature overni ght. Next norning LCMS showed conpl etion and sol vent
was renoved under vacuum Resulting crude was dissolved in DCM and washed
several tinmes with water. Organic |ayers were dried over sodi um sul phat e,
filtered and vol atiles renoved under vacuum Purification was carried out
by flash nmaster 11, Sill 2g, DCM MeOH (0-20% to obtain 10 ng of the fi nal
conpound as a yellow solid. Exanple 75 Conpound: Synthesis of
(2R)-2-04-(1[5-methyl -6-(trifluoronethyl)- 3-

pyri di nyfl met hyl | am no) - 1- pi peri di nyfi8nmet hyl } -1, 2-di hydr o- 3H, 8H 2a, 5, 8atri a
zaacenapht hyl ene- 3, 8-di one hydrochl oride. To a solution of (2R)-2-
f[4-(f[5-nmethyl-6-(trifluoronethyl)-3-pyridinyl Tnethyll am no -

1- pi peri di nyl ] met hyl }

o - - - . o~ e - 7 e . P



(c)l title compound (a) 6-Chloro-5-neth 1-3- idin 1 methanol To a
sol ution of nethyl 6-chloro-5-nethyl-3-pyridinecarboxylate (84 ng, 0.453
nmol ) i n WoRbE214m398, DTBAL-H (1.5 M sol ution in tol uenepPCUEPR®IOIFG171. 358
mmol ) was added dropw se under N, at -78C. The reaction m xture was al | owed
to attain rt and stirred overnight. After 18 h, TLC showed no starting
material. The reacti was quenched by addition of sodi um potassium
tartrate satur &CO¢ME ution, extracted with DCM dried, filtered, and
concentrat ed t afford (6- chI oro 5- et hyl - ‘I? pyri di nyOnret hanol (63 ny,

0. 400 mmol @i) pur eo Hi 0 be used i_NHf he nexb stNep NHlH— NIVR (6
ppm CDCL, 3) ﬁ 7160( 2y (s, _ZH), 2| (s, (b)
5- (Hydrox ) (neth NGB- rrethy oyrl d|ne pitnle QNQf

nmy, 0.607 nmmol) wds added to a @bl ution of (6echl oro 5- met hyﬂet)BH i di nyl)
met hanol (47.8 ng, 0.303 mml) in anhydrous DMF (2 m) and theém xture was

stirred under m crowave iooradiation at 250 C for 35 mn. Full dfver si on
was observed by HPLC EB‘M\S and 28% rd ed. Extractl on, dryl ng
(MgSO4), filtrath aNd éermvalfof t e Slol vEnt afforg

5- (hydr oxynet hyl ugﬁ 2- py+di ne itrile (98—2 '\i

62.8 % yield) pur h to be usedlnth next step 1I—|—M pp
CDC13): 8.50 (s, | 7.72 (s, | H), (%ﬁ\@js? (s, 3H. Kc) Tltle
conpound: 5-For mv 2 30%( pyri d| necar(%onl tr WO, 8[| 65 ng,

1.903 mmol ) was added to a ution of 5-(hydroxymethyl)-3-

met hy1- 2- pyridi necarbonjgfrile (28.2 ng, 0.190 nml) in DCM (2 m) at rt and
the m xture was stirr at that tenperature ogyernight. LCVS showed the
starting materi al s gone. The solids were fisltered of f and sol vent
evapor at ed. 5- For myd- 3- net hy1- 2- pyr| di negar®ofitrile ( gHBoc
obtai ned inpure. JIt wag used in thg xt Nsteoo vmtho%t W rification.
11-1-NWR (6 ppm DO 10.@8 (s 9 (g 11- M(s 1H), 2.68
(s, 3H). Preparat %BChlor05 2- pyridine rile (Used to

prepare Exanpl e 49) 0 0 (a) (b) NCNNC Ntitle corrpo/kd (a)

3- Chl or 0- 5- ( hyd¢t 1}« 0 caobonitri 0Zn(CN)2 (64.3 ny,
0.548 mmol ) and 0. @3 mml ) wepe adeled to a solution of
5, 6- di chl or o- 3- pyri di nenet hanol (130 ngy, 0.730 mml) in ;x\ﬁ' 8t ous DNIF (1.5
m ) under N2 and the Ti@;ture was hgated at 95 C overni ght Low conversi on

was observed by C. vAfter heatingunder reflux for the ver sion
did not increase,” so additional I?H(PPI 104 (84 ng, O. 073 atlded.
Two nore h under rEf‘I’uX gav® ful I*.conver si on. ¥B\F, and, 10,\4) Ng\ZCOB wer e
added. Extracti 8 (Ngsg4) nfidtration, and r t he sol vent
af forded the cru |r%ct Pur Y1 cgti by flash chr aphy usi ng

Fl ashmaster 11, gV'spheri cal gel cartridge, and m xtures of

hexane and Et OAc as @y eluent afforgded 3 chl or o- 5- (hydrrexyaemhyl ) - 2-
pyridi necarbonitrile 834 6 mg, O. 2(55 28 %yield) as a pale yellow
solid. 1HNWMR (6, ppm CDCl 3): 8.57 (s, 1H), 7.94 (s, 1H), 4.87 (s, 2H
[ES MB] m(z) NB9MKAN . (Y) by ddiged, pabdadpolohdrcodl- Ch) ahy-bserroaagtals, XoCO3 (d)

ol ut 1 on PSSR uiexih 5 R el VS A5 BB h e PR D VP s s fry. ©
0.199 mm'rﬂetheﬁlem g?clﬁom& (1 pPEVI O bHoX éhrrﬁ‘oﬂﬁ@a?nlﬁbjpﬁﬁe@ﬂl@t pHfdife GYLC (5%

MeOH in after h showed sone star ? material. It was heated at 40 C
over ni ght had@gﬁmlnaﬂwhmélhgfcenl tml\@&ék)ﬂé@ byl Adxamhe solids were filtered
off and the sol vent evaporat ed, yl el ding 3-chl oro-5-formyl-2-

pyri di necar boniReaetien qfnatrapymgined] ) weth grrsnonizaffordy nirodyyrine 2\mibich is ol i d.

1H NVR (6. rerieba to@@%ﬂﬂmé?)lgll(ﬁatloﬂ‘\%th &h?@%ﬁma&e‘t‘@te ftlodd (05 cydiidation

E;Srr)rglr Zt :5(2)751 hSthz?ssfulrﬁJ zpe;ft?buto{rge gX/es (?5) pf(rlls 95' pr%gt%gtre w1tqle hcyar X%JS ezC}ill ;[gr%u | epar €
give (6) which can then be reacted with (commercially available) S-glycidyl nosylate

((28)-2-oxiranylmethyl 3-nitrobenzenesulfonate) to give (7). Cyclisation under thermal
conditions gives (8). Mesylation, displacement with 4-(N-tert-butoxycarbonylamino)

piperidine, hydrogenolysis of the CBz group (10) and subsequent oxidation with
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Fw, o (a) -110- (b) aN C C Nd title
conpound (a) (2, 6-Dichloro-5-fluoro-3-nyridinvl)nethanol To a

sol uti on WO 208 1HY3982, 6- di chl or o- 5- f | uor o- 3- pyri di necar b@<FIERL@9(0361G7 13. 39
mmol) in DCM (12 m) at OC under N2 was added dropwi se DIBAL-H (1.5 M
solution in toluene, 19.20 m, 28.8 nmol). The reaction m xture was stirred
at 0 Cfor 20 h. TLC (DCM showed starting material remaining. Then, nore
D1BAL- H ( magheso(lDoxide anhdepsbtaetine byli@moivyl afdke cefbanate moéety g'ws thertangat

stirred at, G éﬁorgﬂ%lam@t&ea%wd@&w et BHLS th/EOH and

concentrated under ressu e was W|th 1IN HC1

sol uti on anepeaydnt gEidadorswith mgweﬁﬂﬂé@@% omedcwmﬁw@s lémaee%%s es were

washed W tfitisalN-rdiaGhiox fledrbshyPingino NakBidihcand réRBeRINSMAseetiverdiy/dsal- 5 9 (53

0,
A of the gtxllets lF%I’I%l?anﬂELll) cf"hls may be converted to the compound of formula (I) as generally

described herein.
Another scheme, suitable for compounds in which Z1 and Z2 are CH, is scheme

(3) below.
Scheme (3)

| | H
RO L S
J o UV (I

(C)

/ (e) (d)
‘ ()

\D\NHBOC
,/(i)
N N
Q\NHZ Q\NHBOC
O N N O O N N O
T i

Formula (11A)

In step (a) trimethylacetamide may be reacted with 2-chloro-6-

(methyloxy)pyridine. In step (b) the product of step (a) may be treated with n-butyl

20



IHNWR (6, ppm CDCE): 7.77 (d, | H, 4.77 (bs, 2H). (b)

(6-Chl oro-5-fl uoro-3-ovridi nvEnet hanol To a sol ution of

(2, 6-di chWOne09%4i398uor o- 3- pyri di nyl ) met hanol (4.4 g, 22PCT/EPa@ON5G1A7 |

, 4-di oxane (20 m) was added EEN (3.42 m, 24.69 mmol), formc acid (0.947
m, 24.69 mmol) and Pd(PP113)4 (1.297 g, 1.122 mmol). The m xture was then

heated at ;110 C fo hin pressur The crude was diluted with H20

hnd oxt r adtEAMARIdC-diot e BaE. b ogusiioT: D Ryarte ep'ﬁ%f’é%gl detithed

with H20 %%t?l%rylﬂ@@ydr@@éxﬁqoﬁ‘ﬁ?ﬂhe %J?%&Q% &@Qllé‘cﬁuﬂﬁ%tcra%oﬁ% YRged cragduced
H

pressure. The crude was purif by flash chromat ography usi ng Fl ashmast er

11, a 70 gid¢Herliydedgesated pmdgetl Thapltoriu@tgvé stendd)DaNy h@mh@@i@%@ @ teent to

o v0"2,9 SLEh 5 e S TR R SO SRR 1
1.93 (bs, stephdh)-thé Eﬁreh@]mefy te fbB8ed Mreabon with sodium hydride then with (f2S) -2-

(5- Fl uor o- 6- net hyl - 3- pyri di nyl ) met hanaol To a solution o
(6-chl or onglrﬁmxdmﬁmyw pirabsnzspeyumaEnbyclsation ¢, thg imslazgapgphthyrdine magibgxane

10 n 4 1 125 m,
505 ol TOMAG BeitBray i opduichhs® gRE Susn () SRR BRIV 120
heat ed at bhikyCarboryl&inb) pipeddipe emsaty enatyteeerfdieed Bsforinktien of the ur e was
gquenched with WO, extracted with

t OAc, dried over S and concent rat ed
under vacmghanepdfonats; thee r%&%OIbmtiEfth%%Prﬁypqq relﬁpggmwa fi§hs Hige
Fl ashmast gf stle(J/ él) ﬂm%%e%oﬁ?’ﬂf'ﬁﬂe&tﬂ{enﬂv th‘fﬂ)@%llcﬁ%dt ty Kfn nl%e%’flévﬁlg? - 2 as

el uent to gi he title conpound ong vmt Ph3P0. Th

washed agadic rdemotdwte\datsmg aanthyelxelysis tsegh (Wi to ryldﬂi ﬂmmme (Iéﬂbwéncﬂh&ﬁ’f)theﬁl’me
organic la er dried over |Iter ncentrated under vacuum
to give 468G a@/@fﬂ@@%%}%lk‘%ﬁﬁoﬂh ﬁ%s CEYMBAMGEd i n t he
next steppoglrhhlly\(q)R (6, ppm CDCli): 8.27 (d, 1H) 7. 55 (dd, 1H), 4.74 (bs,
2H), 2.49 (s, ES M5] nik 142 (MO (d) Title compound: 5-Fl

uor o- 6- et h vl In anqi ¢1i agpeve 6 anitabll elpdegese for rnaklng Tempoungh of Formwi (1)

(5-fluoro-6 rrethy r|d|n enmet hanol (4 m)
oo added PR TrbG R UL PRSI tptRtging Ry e Find TRutetlo S e ™at. 3
C for 4 hFofth@a(B#)MOH in DCM) showed starting material remaining. An
excess of Cr02 (Magtrieve) (2.8 g, 33.3 mmol) was added. The m xture was

stirred at 35 C for BThe solids were filtered off and the sol vent
evaporated to 144 ng (28 %9 of the title conmpound. 1H NMR (6, ppm
CDC11): 1 32|(£ 57 (d, 1H),_7.81 (dd, 1H), R3.87 (s, 3H). [ES M

ni k 140 (MO n 6. 6-Ethyl/5-f\uoro- 3- pyr/i’dl necar bal dehyde (used
to prepare 54) | NH-Chi),-U -35 b) da V

zz2

(11C) (IID)
wherein Zl, Zz, U, R® and R® and n are as defined in Formula (Dand Bisa
benzenesulfonyl moiety. Compounds of formula (IID) may for example be prepared from

compounds of formula (IIB) as described above by reaction with a compound of formula

(IIE):
BOC-NC>—NH2 (IIE)

followed by removal of the BOC protecting group from the amino moiety.

21



NZ | title conpound (a) (6-Ethyl-5-fluoro-3-pyridinvflmnmethanol To
a solution of (6-chloro-5-fluoro-3-pyridinyenethanol (300 ng, 1.857 mmol)
(see Prepaoanivdi®dgb) above), K2CO3 (770 ng, 5.57 mmol ) PCamP2402/0361177

Bi s(di phenyl phosphi no) ferrocene] dichloro-palladiumH (136 ng, 0.186 mmol)
in THF (6 m), was added diethylzinc (3.7 m, 3.71 mmol ). The m xture was
stirred under reflux for

6 a pressyre tube. uIt ure was
quenched with <t GREWL Oﬁ\ﬁq&{‘]ﬁ Rrgeee H‘@Vé%?f%‘i%‘g er f adg!&m ﬁi

combi ned Q[p§H %h%ﬁﬁé%%%ld%%e%&ﬁ%d%&%f PoinRa (19 £y BY Bfe PMJ:@QQ* and
concentrated under reduced pressure. 'The residue was” purified by flash

chr omat ogrdagsmped i peicRlcddmast er TI, a 10 g spherical silica gel cartridge
BP- SUP 20- 40u, r§‘apld MeOH 98:2 nmixture as el uent to give 116 ng of
desired compou§"8 ellowsolid. 1IHHNIVIR (6, ppm CDCI3): 8.30 (s, 1H),
7.54 (d, 1H), 4.77 (s, 2H), 2.76 (g, 2H), 2.12 (b, 14, 1.28 (f._ 3H. [ES
MS] rnh 156 r(HM/\) (b) Title conmpound:

o) N N o] O
6- Et hyl - oro -pvri di necar baI dehvde NH @NEZ( trieve) X796\,
9. 48 mml) wa addey oy soI ut hy, fermgta (1C) T N=

quor03py i nyl anol (98 0632 mol ) €i n m ) and the

m xt ure was é;tlrred at 40 Cfor 6 TLC (10% DCM MeO wed starting
mat eri al rFem&ilBi ng.FoAR (IBXCess of Go@u'a((IEMag trieve) (530 ng, 6GoB%&mmol) was
added. After stirring for 12 h, TLC showed t he reacti on had been conpl et ed.

The resultin uspensi was f The filtrate was
concent r at edguﬁﬁﬁg Wo%??@ﬂlpﬁ}”é 35\?\@%2%46 ﬁgh%jlm Qriqes nay bc,eorrpound
as a col Olféﬂr&%isoggkéatmeﬂfi‘omm c(o@ne;;ﬂﬂﬂlng%l&kes vHoh 3Padi8 suchtls, h{ﬁrcﬁﬁloﬁg 1H),
7.82 (dd, 1H) [ES MS| mliz 154

Pr epar at i anidzor @m&@mfehmmmw@s pyﬂlp@mewrdfaudeﬁy@ed(used to prepare

Exanples 12, 51 and 55) 0 . " NC  Br 5(d) title
conpound (a) MM a%fW@Wﬁ@W@%9P|(Hﬁ%é@&ﬁ’é‘&éﬂléf@umd R>angq g

" propi oPIEITE ERyHETRAALF DY AR BXe o QERFI IR B Byt et Mg

mml ) and iti Welle d o di may bogregpered bnZIBGowgy ﬂ)lkrﬁaznmmip)ound'shSeenfoxbmmplwas stirred

o1 1 0 was WPORBRAE WioaRol) wiou i VR BEBEE bl oM Nackt and Do

was added.w®heo198M, QVOQ@@’J%M@ &bD 6308443 145 @0 (208299% a®Po04bbb4gy ed and
concentrated to give 1.2 g (79% of desired compound as a yellow solid.

1H NVR( S, @apomes@l) WE20004$2 1 0102084035968, Wx}%oozw@)eqwomwoss(my Net hy|

5- br ono- 6- I t ture of
metnyl 5. B RO LR OBPRAR RS oBh G, BRibsdionsy. woRed7

t et r aki s( twOpPbEMBbe hwelsi sredssaiM@eHou M & W 088028 56D andERSFE B ) "and K2004
(281 nmg, 2.036 mmol) in dioxane (5 m), trinmethyl boroxin (0.095 m, 0.679
mmol ) was added/si ¢se|\szhenr¢ﬁealrt@a@;tt\iedﬁag¢nwtta PEovigesalteenstisg sustiuEots suel nor e
tetrakls(tr p lpho ed in several portions
until star} Pngl}g?m E{r}ﬁ g'wbgsap%%%m E%S(kgﬂ%ivﬁﬁﬁ%g The reaction m xture was
diluted with Vﬂh&heﬁ&&@ﬁbft&iefpﬁ@afdﬂlbﬁ@fbmﬁpﬁnm bhF&inAe (1) Theoamdri thed
organi ¢ phases were washed with brine, dried over anhydrous Na2SO4 and
concent r atté@mpkder reduced pressure. The crude of reaction was purified by
flash chromat op- aphy using Flashnaster |11, a 59 silica gel cartridge, and
m xtures of hexane and Et0Ac to afford the title conpound (75 ngy, 48% as a
yel | ow solRottmuldfiddyiand, administi@fich) : 9. 01 (s, 1H), 8.41 (s, 1H), 3.95 (s,
3H), 2.74 (s, . .ESMS z 230 F). Method B . To a m xture of
met hyl 5- br ono- b anfiGRis b@/?f&ﬂﬂ&@%f%%wma%n%&@@orﬂ@g tq thegpvaptignymay
tetrakis( tb"e'f&lﬂﬁﬂé‘tlsd? hasahiine} Ak 1§Qh§rl mﬂx@hleﬁ@@% F&l usOin Hunbf dma{e}ma@nd KZCOB
(331 ny, 2.3 mmol) in dioxane (5 M), trimethylboroxin (0.446 m ,

mol ) was nafdidfenb boderlogy gath. othldlr@nmleeamrnatsmrmlmubm@umasomp@n@sl at 110C for 5
h. The reaction,.mxture owed to red throu

Si11ca, and contBmpeati Sroe R A TERny o inrdide i€ atb PR LAt i on
by flash gbr@aRt@@aRphyarbisitgusd 49 Afsed Tor tAe BEatmRAESfivadlerigl ihfeeowel
cartridge, and m xtures of hexane and DCM as el uent afforded 76 ng of

desired corpyesionarich Bacehgcativrehgiculsisin aregnsyrichiginghumans.

pyri di necar boxyl ate as by-product. [ES M5] mz 230 (MN). (c)

(5- Brono- 6- net hM 3- pyri di nvl) net hanol To a solution of nethyl

5- br ono- 6- net hyl - 3- pyri di necar boxylate (76 ng, 0.330 mmol) in DCM (1.5 m),
DIBAL-H (1.5 Msolution in toluene, ®2661 n, 0.991 mml) was added

dropwi se at -78C under N2. The reaction m xture was allowed to warmto rt
and stirred overnight. To this solution was added saturated, aqueous
NaK-tartrate solution followed by DCM The organi c phase was separat ed,




1H-NMR (6, ppm CDCI3): 10.05 (s, 1H), 8.87 (s, 1H), 8.25 (s, 1H), 2.75 (s,
3H). Preparation 8. 5-Chloro-6-(hydroxynethyl)-3-pyridinecarbal dehyde
(Used to woepewwiBganpl e 56) (a) 3-Chloro-5- 1 3-di oxol RATEP2602/0ETH |
ridine p- Tol uenesul fonic acid (5.53 ng, 0.032 mmvl) was added to a
m xture of 5- chloro-6-nethyl-3-pyridinecarbal dehyde (for a synt hesi s see
W20006/ 137485 l.e 256) (.250 07 .mol ), et hyl ene C (179
R, 3.21 nmol) 14%\|§r‘28m&’8 H%‘h@laé%’ r)m“a\%gd foﬁé"gPPi“}&%tEﬁ“é?n sanPié‘é‘f%aPRgfﬂéréﬁ‘ter ef | ux
as wat er \Waan@meRtLORd%R ahMtubeRME thetddgaTholaf smEl}lIsemW PYIGRS fd}ﬁl yyas
nonitored by TLC (50% hexane: Et 0Ac) and HPLC. re ethylene glycol (180
ill) and Td(bﬂs (CBpsudgs, éera@ﬂ@dﬂ@ntbzaﬂgee,rcr%nmr lfquiid prspareeensi suchwaoral
observed b / k Q t:lsai and Et OAc were added. Extraction, drying
(MySO4), 86151 G RSB8P 8&815?6“10“5

3-chl oro- 5- (1, Fhditepied] dsmar tlons f FRINYRYiInlEHtda n(l%'% cfBted8R, it pure
enough to be used in the next step. 1H NWR (8, 13): 8. 46 (s, 1H,
7.76 (s, 1Mfancs, @ginfogts, grqpms Qr logions,gye pEitmangy an emr(egr d@pg lmp@gnwsqi m z

200 (MW oxi de

- crBA ( ADRViRgS S G580, okt - AR St e TRhSKURH el i 5 %5 (T 5.
di oxol an- @re}sél)vaﬁvéﬁetdlyémyﬂ’ol adbigedr(@ panedration ardd SbSlieme lin oiadtmlenNaiidBeddst3 ny,
4.08 Mol ) in Dggl F“%}’T and stirred at roomtenperatU{e. After 21 h, HPLC
showed ful | QRGBS 1IN RADEP R P | eptantiqnp! gacrg,qurhigt ed, dried
(MSHH), ckéah?&tecqntn%gba%ggl%§tﬁﬁ{o?gr e la’d&cﬂ%l for lotions, Such carriers may_b

3-chl oro-5-(1, 3-di oxol an- 2- 34) - 2- net pyridine 1-oxide (228 ny, 78% as a
pal e yel | pvesontl asfronealswd lhurt © eﬂ»eut%t%l of thetfhienuletxdn. SYler. usuallyHhdVRIl( 6, ppm

CDCl 1): 8..33 5. 80 1H), 4.05 (s, 4H), 2.64 (s,
3H) . %ES ﬁ% %gb?f%g%ﬂ?}ée feﬁfyllj)aflo (s. 18 (s, 4H) (s

f 3- Chl or o- 5- (11:%1-19111%@&5%1: 8ra1/&&m3nsl%éﬁbﬂ ylfbmtahf@n@éompme tabldkt§ bf | uoroacetic
anhydride (231 pi. 1.635 mmol) was ad o a solution of 3-

chl or o- 5- (ca;p@lezsu@mﬂt éﬂsemrysﬁ)ltazonréqrhy Iapcymadlcn@tammwdéloqlzb@cment&whas mol )
i n DCM (4bln 8l ents forexm e théJcrae wa astl [ 1 t rC%Icl)mgerrperature for 48
h. Full con %% e oS %F\%Ialpb HBLE tf\?é tﬁ B¢ Tz 36 nmol ) was
added and,pogfvﬁ@npﬁtdﬁrdbhagilfew fdr&xmnple 152&%1&&@5@@,@%&@&@% &Mitihi on wer e
added. Extraction, drying (M504 % and filtration afforded 223.2 ny of
crude mat @hpwhatepwblmlc,oatgmﬁlebgﬂb qttighlubreanta faypraphle Magnesum desast er TT,

2t fordea (el SEl GO o By o e PP N R g

% as a yelditavg gichts shth M\AIBd{un 1qapyrhsulpbidl 3)The 8ablets (nay bd khated a&Brdisg tolH) ,

5. 88 4. 04 4H).. [ES M5] mz 216 (MHl ). (d
Titl e( ionﬂ?ﬁws "Se%]d‘rﬂoéi‘fndn@of d’?’ﬂ Ptﬁl‘%r}‘]i)’ragzlffyL di ne!:ar bgl dehy((:Ie ) (D

Oxalic acid (41:%nﬁ91an&152f%rmﬁphammaaggﬁgytago%e%m%%&ﬁ foBeG r?%ﬁl 5- (1 3-
di oxol an- 2-y1)-2-pyridi nyl ] met hanol (142 hy, , aceto (7.5 ,

and wat er tlfe7fobmmif pqatous ooonly srspersaings @ lemwas rmmﬂsdnsu nyiups oedlixins, orAhdyer 2. 5
h, HPLC showed fril|l onve basified

t wi.th 1M NaCH,
xt s act ed TRPERERES = AU SRaHTORST FrpB Ul e R gi ve 130
mg of crugRfHRLEY, iSUch 1iRUId Jrifadtioan nby dhashcsthERTTPAERMRY, dich AY
Fl ashmaster TT, a 5 g silica gel cartridge, and m xtures of DCM and MeOH as
cluent af Sosngading apente fﬁ@fr@d ¢ sonélmjrmeﬁhzthqll@}bsmglmﬁwmp | gbatin,

h t h Xt h d
R i T S R R P M B S R e A e
(11.3 ny, 490 fags eﬁul@fﬂyin@ a%@rhtls Cfor é;l'zhrwlé\/l@c{tﬁn mﬂiﬁtan%ﬁlo%leatel@r i&c{eﬁ 1H),

8.95 (s, 1H), 8.17 (s, mz 17 , .Preparation
9. 5, 6- Di MEPtIgEcons fyylalmﬁ ﬁ‘é@ah Hb’E‘IYdéﬂy‘éF‘ee U§@&S)t &rﬂé@akélmml@ym CEhd 14)

00 Br (a) t I 1To a

m xture of Masl‘é?éegwg &ﬁé)ylgn %119%6;(3&}?}){% :ﬁ{)llég a‘[ ek%ag‘%plemet 375

mml ) t etor @iﬂpsr( p-hiygioeplydnabats phsoreicpald, ankl ufmla(sﬁ&d (caﬁﬁenmrgnal(ﬂa%&mrgvm ) and
(492 {H’rg‘ 56 nmol) in dioxane (6.5 nm), trimethyl boroxin (1.328 m ,

9 50 mml Yo Eng 48 under  ar gon. The reaction mxture was heated at 110C

for 16 h. The reapsdiBRIMAL wn%lﬂ@én\%h{lwgu#&s&&?bag&,mg docbd-8hed drhrough a

pad of silica, and concentrated to give 85 the crude material .

Purifi cat |Odwrg$y0&ﬂ1¢ish chr omat ogr aphy usi ng FI ashmaster 11, a 20g silica gel
cartridge, and m xtures of hexane and Et OAc as el uent af f orded 276 ng of
desired conpound. (b) (5,6-Dimeth vl -3 -p yri din vl )m ethanol To

a solution of nethyl 5,6-dinethyl-3-@®sridinecarboxylate (276 ng, 1.671
nmol) in DCM (6 m ), DIBAL-H (1.5 Msolution in toluene, 3.34 m, 5.01
mmol ) was added dropw se at -78C under N2. The reaction m xture was al | owed
towarmto rt and stirred overnight. To this solution was added sat urat ed,



-11-1-NWVR (6, ppm CDC11): 10.10 (s, 1H), 8.75 (s, 1H), 8.10 (s, 1H), 3.15
(g, 2H), 1.35 (t, 3H) Preparation 11

N-) (5- Chwoee@/\BeRy| - 3- pyri di nyOnet hyl E4- pi peri di nam n@CTEPe@I0861pT epar e
Exanpl e 2 conpound via Schenme 4) NC title conmpound (a) 1,1 -Dimeth yl
eth yl 4-11(5-chloro-6-neth y1 3- pyri din yl )meth-1-

pi peridinecarb n of 1, dlrrethleth

4- ani no- | - pi pe%ﬁpﬁs@ﬁ%a%m%t@ﬂea, g ugt dgiied oy ayc refared utlizing the
5-chloro-§ Bﬁﬁ/d &@M&ﬁl@h@ﬁ%@r%ﬂ 96&1}{ deérRtd. arh%Yd& ﬁh@ de &dﬂ%?&%é137485
Al Exanpl eogig G X %Ef\lazs hﬂ)% E ) in DCE
(200 m) wahlcbtandrcedceaatra@@@s‘edrcamtﬁ ehthelrmllsmndﬁd)ondlsmmrlamﬁ@hml@rm ght .

N ot o P pdoR i T ot et R A RORL R ibrbndn s L hssan

was ext ra@teemséd%&@re\mhﬁgia%\/hsumtbeaamﬂahlpbme%d seilirgd (MySO4), filtered
and concentrated under reduced pressure to give 1, 1- i met hyl etg%
Hyg at e

4-{[ (5-chl oro- @d’féﬁﬂngaus%%qnéﬁ swgloaee IBer] aneryibeticl pﬁep@wtmer?@é&:u

18.7 g, 7.64
(o vy, H0hs B0t RN B e AR bitygPRY st khe Borgfin iy, 7 2%
(s, 3I—2)) Z&ot&|8n afoet, fil Bif) gltd.th@éiflz(l&nd Sd) watdr r%ﬁloized?ﬁnc(dm\faa}d)n TeSIWS] m z 340
MO, itle. c ound: ) ) . .

(N-[(S(Chl yqphélwgnp Hergﬁﬂyﬁnisaﬁlﬁdfm%mmd 40 pecpePrBiRg Hshel WACEBIrut i on of
1, 1- di et byl &idWhays M[pgﬁ'd:ﬂ)l RESs BB Yiqui pridY td géenm%ttéﬁﬂlil Ql?)ns
- 1- pi peridi necarbox ?65.58 g, 193 m(%DI) iIn DCM (800 nl) C was
treated V\/latehplbﬁéﬂrec@ m@ahmlﬂdlbrrthe panis manlmermaml tlﬁsﬁlembmpmﬁmcﬂismumehdaim

P e L SO RSB, YOOl TN SR IR A g on ves

N-[ (5- chl gfeatfmTetiRebmpound¥dn B4 tRI¥EA BY bipdtuRith@ftyiinedRida& b8y dr ochl or i de
(62.3 g) as a white solid. The crude product was di'ssolved in DCM MeOH 5%

(800 m) an@ezmnglatuhe(s&m@e mh)lclmaéda@mwouﬁma susfctigt @ watigaagant phase was
extracted.and Sous e va tract DCM MeQH, 10% (650 m X
o Conbr ARAsAI AR opRIREEn U PacTIAG RElE e RRIDh P B oy (7 e o e
and concentr at @bp@ﬁtﬁﬁg ol &l itetod aGﬂn‘llrﬁstP&tlbﬁ Sh@édnq;"o@rtf@nsrﬁiaw&ntam from

pyri d| nyerret h)() - 4- pi peri di nani ne (44. 82 97% . -Efl-NWVR (6, ppm CDCl1):
8 31 (s, Y"f%glltspfef’f%bly ool O¢ @Bq)wel@t,l@f mnpozpsl of thegmvenyions (m

2.60 8: h 240
(I\/W Preagra ﬂ%?lcofﬁj 091% ﬂ%?ﬁmﬁgﬁ% d%'t;g 5% lljtgregé%ﬁ ﬁlt gge@rab%llé ﬁeég{aﬂr%gf]dehyde
(Usled to ﬁ()elm)af) endoxfaip hﬁ&reﬁﬂgmmdnﬂ@hg%s@e&)s@ﬁﬂoj‘d@lfg:( amlltHMaﬁlreaH%nt CF3
tit 3 t
sol ution Sfilleg f%viﬂygaﬁ%ﬁﬁmé%em 29 O@gm ﬁ?%éﬁ%%@%ﬁﬁ glag(%éey my, 17.97
mol) in %e(n’ﬁglg@ﬁ th@@@ut@gg@ﬁe({[\@h!: éﬁ%n@atlc%{s SARaBTYRAS dosdfiEis okt Sike was

stirred at 50C overni ght. Reac on was cooled at 0C and the precipitated
solid was 30sof/bgee dy. filtrati on and washed with 15 m of MeOH. The

bt ai d lid d i 25 m t t ed
R hear N ¢ 1Tyt b Bha She B SRS AR EntiB, DR RE S and
once W t h ,BXIMIMROH (1(02 W-ox 16 GRAEST, may BE &e%feqh g@ﬁlc%‘g@ﬂt iNaS@hpoVieibad i | es

were renoved under vacuumto afford 2. 505 ¢ of the desired conpound
as a whi t @f &gl ipgentipReordbmay b@nre@mtmntl@rfdnn,@@mpm\mssombswméﬁth qnevmegre and pH
was adjust wi t h..NaOH.6 The 38 vas xtractedtvmce W th
bt and ofga b b ar RO Soghe B Rl BPBRE A TR L ARELER NaSou

Vol atil es cmrbﬁlaﬁeﬁremgnyﬂgiebomgsmmﬂmr@ﬁfaqmoﬂ@pmﬁlﬂa&mmaly sieapbbley of the
desired corrpound (649 10% as beige solid, 1HNWR (6, ppm CDCL): 8.85
(IH, s), & Igor ]Nroxp.fie j:reogtogythelg ith ene OK@yrq\@pHSqnal therapcutic agents.
5-brono-6-(trif Jron of
met hyl 5-br orm-TI E%%%?%pyrldﬁf%gglg g‘gf a%gﬁ%ﬁéa%gexa pl%’ aflté% ?f J Cul
(2274 nyg, t}ieil.tr&%ﬂmlammjf)uhelnclﬂhssys MM éAmaid Exeﬁﬁpléﬂ%ﬁfchuuhndlerapénm apehisyihclude
2,2-difluoro- 2 quorosuTu Pacetate 5.84 m, 45.9 mmlg and :
hexamet hy [{¥R&EihsHamby L rHaggin, pirazjaargi ﬁﬂ%‘ie?t%rcél SARIERMY Hhefiprafexacdh

m xture wWasqsideiAatheat 80 Cin a pressure tube overnight. HPLC showed
starting material remaining, nore Cul was added until starting material was
not detected by HPLC. The reaction m xture was evaporated and the residue
was dissolved in IN NITICI and Et OAc. The organic | ayer was separat ed,
washed with NHACI and sat. NaCl, dried over anhydrous Na2SO4, filtered and
evapor at ed under reduced pressure. Pwdification by flash chromatography
using a 50 g silica gel cartridge, and m xtures of hexane and Et 0Ac as

el uent afforded nmet hyl 5-bronp-6-(trifluoronethyl)-3-pyridinecarboxylate
(1.8 g, 409%. 1HNWR (6, ppm CDCL): 9.18 (IH s), 8.66 (I H s), 4.02 (3H,



Cl (d) TBDVSO (e) 1\1Th\Il title conpound (a) Methyl

3-chl oro-5- (hydroxynet hyl ) - 2- pvri di necar boxyl at e HCl1 (gas) was
bubbl ed tWocoehi4a3980l uti on of 3-chl oro-5-(hydroxynet hyl PCZAEP2009/056177

pyridi necarbonitrile (for a synthesis see Preparation 4(a)) (400 ng, 2.373
mml) in MeOH (25 nl) i n ice bath. The m xture was refluxed overnight. HCl
gas was bubbl edghhro Iut| ohfor I?Pé}ew m.n t}{ hb(j m xt ure was
refl uxed over ni 8“%‘[13 )i ¥ RGFBRqeHtc Fepdiiied compound. HC1l
gas was b?ﬂﬁ@ﬂn%eﬁtmaﬁyg&e%&%lesﬁlt% IN2BxiHO EheBedt Gl RUESRbindih WitK bEY & Was
refluxed for two da e mxture was concentrated in vacuo and di ssol ved
with DCM e acbctlgamﬂléhdrmhc agentydetinge of the compavad ercheibiHOBddist froimon  and
brine, |I%g %ger Na2804hflltere dlgcon entrattedito\%uvbeth(ﬁltltle
conpound { iy coEEy gé’r%%\ﬁ“é?ﬁi U e BRSAYA 8> B UsEd“t Nt he next
step. [ES ahﬁlecﬁafddlwtﬁ&% skiViEd )in the(dp) IMRIIDYE aphredidted Brabthe hinbunt 6f  di M et h vyl
eth vl )(dimet f)SI |yl 1l ox nmethyl)-2- pyridinecarboxyl ate

sol ution @Pmﬂ?ﬁlﬂﬁij/‘l’ tBe gheniian asld(thg‘/an%&ryﬁe@w@ﬂ9tmzalﬁp¢rﬁmuﬁlé@g¢w@>xe)ﬂwa@@fO(r332 6

ng, 1.650 sil vyl
chl ori de (u gg% t}eatrﬁgﬂt%g%&% tEdthe @HA__&Z?Q{H&)&%@@? ﬁlg IIetazltl%w;d}{(lri g{gmﬁ%g}r{%er ature
for 3h. Thie wnud&)nVﬁShdipdtmh‘eaildeﬂll'be-liﬂhiﬁa(egfhtmhe) disdsreti@r gfahe att@ldase was
washed with water and brjne. Conbi ned organi c phases were washed with sat
NH4C1, drlpédblﬁé’éPrKﬁ?S@&“nfllter ed, and concentrated under reduced pressure
to give the titig GARRANBA I%?@ommeﬁé i }Zﬁe‘é‘&fi%d%%u Ehl QW] ofRUr e enough
to be used in the next step ¥ (c) 2[3-Chlor0-5111(
, 1- di met hyhetnmgee)t{caf foemniatips. [wmﬁx&meamtt)omhqoynesam nyflehtllerﬂtheretiapm[ded

To a solution of methyl 3-chloro-5:(1 (2,1-

0 ot hy | P HTCRE e G NESSTRAAHA SOBopofFREeds BBt o (488 o,
1.545 mm'p}laﬂnﬁhc&'ﬂFca(l? aBleptaBle saBIENIBRIdA RS FIBEAMETRANER! Hh St @i8ndI4- 12
m, 12.36 mol) dropwise. After addition, the Solution was allowed to warm
to rt and tlsetrapeuu@d agents, Bh onSat ML hAIINMATC Al coateihle edrtiens, @@mlfnﬁ@om he

sol uti on tdq S. t%rdwanlgﬂ Ed OACnen r a&ldeocrint?n the ag) égml 1Pre]ae eelt &
extracted Wh E Jf?'u SOTR %5% 1 11 and

concentr ats@@eblﬂ@lﬁf oﬂ@dunﬁdo@ﬂﬁﬁﬁwperat%ﬁomm p’ﬁafrﬁideaﬂlca\l\/&&nﬁﬂtftiohs egzl by
Fl ashmast er chromat ography on a 10 g silica gel cartridge using

hexane/ Et @A COBCBICAETOMF: t 0 obtain 243-chl oro-5-({[ (1, 1-

di et hyl et hyl 328 ,
6:)[’;?y| 5e/| g) le) go ourﬁ Esllzs{rgé{ QFM?yél}hegg‘%mel o_ﬁ%{% e BERRAR ertidhS MY

2[ 3- Chl or @ baé bydomxaddaionyl therapmtrcl agemythdy Re gdnopanetd first. Whedo a sol ution
f 2[3-chl 5- t hy ) th fl

2 pyt i i AP SRR aER U SOTBBYRIDIY s Oe APl k38 TBAF
(1.557 m o alf'f%‘é&ﬁmniace&n%l SPhpUstRR. WaRnShhibHRE @&J%@&%{H&i&twwf or

3h. The m xture s concentrated under vacuum and the residue was purified
by FI ashrrﬂastaeprecﬂatedrthettmlm @qmmouod and 4gengs wbstibesidbl ccamdgempeablewithgachisi ng

DCM MeOH 9 eluent to o

chi'of o- 5- ORyF ok imeltigies MBoigis biThs fFmslsion e fqrmpigrsepgiyy they may

col ourles %e?‘rdwde[dﬁﬁ alYPkomWetica® Bortlhtida) cont &lienkiyt ih &uEPHRAMAES are known

5- Chl or o- dr oxy-1- net hvl et hyl ) - 3- pyri di necar bal dehyde Cr02
(Magt ri evé9rqumh4mpwndzmmm|) vvas added to a solution of

243-chl oro5-(h rOX neth anol 210 1.041 mmol ) in
DCM (10 L) gn 81¥1 P &/uorf)eFo\K%@/as %él th[e 55[? oV tl{: ?ntngﬁe suspensi o)n
was filt erc@ﬂlp@MﬁbndbﬂtHéhnWBtﬁﬁUn&ﬁ% o@ﬁﬂ)lmeitlowaﬁﬂfdﬂ’@&ﬁdnmfe bhleDﬁiMbaIﬂaﬁalpr ocess

was repeated several times. The conbined filtrates were concentrated to
afford 5- @mi oF antgulercylgiciomneund. [fiiae afipeariprtenal ing Prlagtwadhssabdehyde (179

ngy, 82% in the next step w thout further
ouri f1 cat Fat AR ﬁﬁ/ﬂay%go ppm Mé%%ji 10.11 (1H s), 8.89 (1H s), 8.19
(1H, s), 5.87 (Curhposipds df P?a't‘m(uﬁzl-(;[) By @]Eﬁb&/ﬁ@edlm;the%&tmw of bBeteppar at i on 14.

(Usedto pr are Exanple 72) 00 Cl ). 6

0- #- L. s gtdnseéb}seggyw sr%ﬁﬁéaéeamsgws égﬁlﬂ%gotb @fﬁmo?%&aévq HifLIrm-
ridinccar l%‘d%‘1‘[1'&1@-Bf:‘ganlsrns Sorfe é’orﬁlfdlhﬁhb Qf‘F&Enu% h)’lnay be active against more than one
5, 6-di chl or o- 3- pyri di necar boxyl at e g, 4 mmol ) in propionitrile (30
m ) stirr edgammie T may)gedetaltrnlnod)hy ﬂ@np@htai&deecrw&si haidled sodi um i odi de
(2.044 g, 13.63 nmmol) and iodotrinethylsilane (0.784 m, 4.54 nmmol). After
stirring for 30 mn, solvent was evaporated to dryness. The obtai ned brown
oil was dissolved in water and pH was?5adj usted to basic with 2N NaCH The
aqueous phase was extracted with DCM dried over anhydrous MySO4 and
concentrated under reduced pressure. Purification by flash chronat ography
using Fl ashmaster 11, a I Qg silica gel cartridge, and m xtures of DCM MeOH

—




DIBAL-H (3.37 m, 3.37 mmol) was slowWy added to a sol ution of ethyl

5-chl or 06-i odo- 3- pyri di necar boxyl ate (500 ng, 1.605 nmmop in THF (10 M) at

-78 C. The0o200v4i39a turned yell ow and was stirred at th&CTiEPR@EAGIGTe for 3

h and then still in the dry-ice bath allowed to slowy attain room

tenperature overni ght. Next norning, TLC showed starting material

remai ni ng. The | ytion was cqooled to .-78 C and DIBAL-H (3,37 nl,. 3 37

ol ) vas addedgp%‘llhﬁﬁci‘t%érln‘?hﬂ&%‘égu%of e PR S B GiBBY St and

after 2 h gt gpdelRaidPie héin iN@3pcthich by RFSSRed if dMBK ﬁldR'icﬁﬁ'rﬁ{Iﬁl{c?:ﬁol%ﬁwéfk) Was
. Fu

added and the solution stirred at roomtenperature overnig

conver si onpewafscatipsed indtvidu@Hy indadatad, to hejinsoperanalibytraferanae bersiolagthoogh &y Et 0AC
wer e added, fEﬁ%‘racti on, drying (MgSO™4), filtration, and concentration

af forded C8-"@or 0- 6-i odo- 3- pyri di nyl ) met hanol (393 my, 91% as a brown
solid pure enoumd fiowiag Bxehpidd illiReakRant @%)Qﬁtioﬂ-b‘fd\&ﬁin(&m mis 6OC11): 8. 24
(s, 1H), 7.71 (s, 1H), 5..7‘1 s, 2H), 2.1 bs, 1H). [ES M5] mz 270 (Mo,
(c) 5- Chl deamelai(bded the atiyityebegrisan eappeads of FormmladIy pgpinst ggrious bacterial

5- chl or 0- 6 odo- 3-nyr j di | itk 485 MOl ), Or02 (Magtri
(2. aa”q, SRR LR I oy TR b0 € o 20 e Some

starting material was still observed by TLC. More O (0.61 g) was added
and the suspension stirred at 40 C overnight. TLC showed full conversion.
Fi | trati ofxamplestikekrperimeniabs f or ded

5-chl oro- @A-gbgé:{gétgmgylggaq;e%ﬁar bal dehyde (261 ng, 67% as a brown solid pure
enough to be used In the next step. 1HNWR (6, ppm CDC13): 10.08 (s, 1H),
8.68 (s, WHOHS8.07 (s, 1H). [BStMBicidnz 267 (MN. (d) 5- Bis nmeth lox neth
-3-chloro-2-j0do idinc Arpxt re.of

5-chl or o- 82%9do- 3- pyri di necar B&F tfe‘“’ﬁ@]?é@“f%o ng, 0.972 mmol), trinethyl
orthoformyge (1.064 m, 9.72 mgp)yy, HCL (3Min MeOH) (0.778 m, 2.333
mmol), DCM (1.5 mM) and MeOH (1.5 m) was stirred at 50C for 3 h. TLC
showed fulBOGonversion. The sd-teri-broxgesrbooyl ed t o room t enperature and
concentr at under. vacuum The.resjdue was diluted wth sat. NaHCO1 and

Et OAc. Extér%g%fnlr{lhc?ﬁi,ndaryi ng (Nggbﬁﬁr?b]ﬁtyrgﬁp%rt P%ar%,e and concentration afforded
271.5 ng @HEMNde material . Pueétbhigditi on by flash chromat ography using

Fl ashmastcr 11, a 5g silica gel cartridge, and m xtures of hexane and EtOAc
as el uent @% orded 5-[ bi s(net §§1bEREHZYEL hyl | - 3- chl or o- 2-i odopyri di ne (239.9

ng, 79% ayellowoil. It w I next st i thout. further
purifi cat ftie%l% H NVR (6, ppm \g&{’ﬁi?@:C%?pgé&?osffam{w,gm;q%%(?%&e%}lé)%ﬂl 45 (s,

| H), 3.34 (s, 6H. [ES M5 nmi(Ztrdddm{rMOF Man@illelCorh SDleBi & ( 08lbhidb)

oxy) met hyl | - 3-chl oro- 2-pyridi nyl }ethanol | A solution of

5-[ bi s( metdHGTHS) et hy11- 3- ehl(@HBormesadpyipethhalape39 ng, 0.762 mmol) in
THF (1.5 was sl owy added ¢ pon of i-PrMgCl (400 pA, 0.800
mmol ) in E(1.5 m) at -20 gﬁrﬁﬁtgoe}?%kﬁ&gnd the m xture was stirred at that
tenperat umEMAfter 30 mi n a sniidhloranothahe of starting material was still
observed by LCVS. After 2 h, LCNE Eti” showed sone starting material. Mre
i - PrMyCl pl) was added and-aficBIOTYS.OrqiRyadPslafrBeROHIEENSaNt he starti ng
mat eri al was observed by L%-ar&ﬁﬁizﬁii&?ﬁﬁ%&dm 0.841 mol ) was added and
the mxture stirred at -20 C for 10 mn. Partial conversion was observed by
LCVMS and f¥BadeHut i on was obselivauitydfaiweninfunh hyddeess acet al dehyde was added
but no chigggs wer e observed 21“%,5‘ ‘EO mn by LCM5. Then, it was quenched
with satu d NHACL, extract &MAPYHOBIENAS dried (MySO4), filtered, and
concent r atpfsbogaf ford 177. 4 nigu@fatd MARHREOkAL as a brown oil. The

m xture was purified by flash chromatography using Flashmaster 11, a | Og
Merck sil iMSQel cartridge, addmethyisulfeddof hexane and Et 0Ac as el uent. 1-
{5- [bis( | oxy) met hy1] - 3-chl oro-2-pyridinyll ethanol (67 ng, 38% was

i sol at ed ar%tlgpéyel low oil. 1H ﬁp?ﬁg??ra%%x SEFNYg 52 (s, 1H), 7.78 (s,
1H), 5.45H©9AclH), 5.20-5.11 (@EAtH), 4.40-4.37 (d, 1H), 3.34 (s, 6H),
1.47-1.45 (d, 3H). [ES M5] mz 232 (MH). (f) Title compound:

5-Chl or o- 620 h drox eth3- i dicHeeak bal deh de 1-

{5-[Bi s( | oxy) met hyl ] - 3- chl: -2-nyridi nyl | ethanol (66 ng, 0.285 mmmol)
was di ssg%‘{e}é in Et0OAc and m%gégﬁ%%% | MHCL. The phases were separated
and t he adqueous one was takenhborsbasic pH with 10% Na2CO3 and extracted
with EtOAc, dried (MgSO4), filtered, and concentrated to give 54.4 ng of a
brown oil. By "HHNIVIR partial hydrolisis of the acetal (-20% was
observed. The crude was dissolved in % 0Ac (5 m), and stirred wth 1 M HCL
(5 M, 5.00 mol) at roomtenperature overnight. Basification with 10%
Na2CO3, extraction with Et0OAc, drying (MgSO), filtration, and
concentration afforded 5-chl oro-6-(1-hydroxyethyO-3-pyridi necarbal dehyde



4- et hyl pyri dazine (200 ng, 1.227 mmol) in DM (2 ml) was stirred at room
t enperature under argon overnight. Sonme starting material was still present
SO it waswenrmeweat roomtenperature all the weekend. ROTERRAMOB61ZV Ol Uuti on
was observed. KF (80 nmg, 1.377 mmol), TBME (4 ml) and water (4 m) were
added and the m xture was stirred at roomtenperature for 30 mn. The

solids were filtered off Extraction, dryi SHA), filtration, and
concent ratPfP af forded 437.7 ef@rﬂa%ce%%ﬁna@&ﬁp Ycation by flash
chr onat ogrgphly usi ng Fl ashrmstl@ﬁiéii)%/érorﬁatgQraﬁth‘?{a%spg@tlros%@ﬁ}t ridge, and

m xtures of hexane and Et OAc ( as eluant afforded
3-chl or o- Me@Heny1- 4- net hyl pymiaefeaniohe (34.8 ny, 18%, as white solid.

1H NWVR (6, 13): 7.45 | - 7.05-6.95.(dd, | : 6.26-6.20 (d, |
RS SRR Meg S Y 5 15" igovorts iRV Rmonid Sl bR 20

conpound: 6- Chl or o- 5- met hy 1- 3chypbhta A ARGaGRICHRIYESS To a white
suspensi on of 3-chl oro-6-ethenyl-4-nethyl pyridazine (34.1 ng, 0.221 nmol),
Na104 (18Msuy, 0.882 mml), 4%1@%5@191}{%&6@{%% N-oxi de (28.4 ngy, 0.243
mmol) in 3.M) and wat (1. 0s04 (0.013 L, 2.206
tinmol), ano?%%gArﬁ)&ture was s;g??lgléldtﬁgggtgr’%isothgggggature for 3 days. The
reacti on wadpPnoni tored by LCVB/-arcthy$patdlidoge (miiwmityal was observed. The
reaction mxture was heated at 60C overni ght and no nore starting nmaterial
was obser WOYR Sol vents were ePHpSHED@EICHA TR ARFIOHOPYesi due was
partitioneddetween Et0Ac and  wgter. The aqueous |ayer was extracted with
addi ti onal Et0Ac. The conbi ned or)g}gani c phases were washed with water, dried
wi t h over Parfhiydr ous MgSO4, fi IphBaddmandadoncetlysat ed under reduced pressure
to give 31.1 of the title co und.as a white.spljd. It will be used in
t he next iDtdé(ﬂbéﬁt hout pri or pﬁ??’@@%"?’g&?neiwmgzlp(a@?dlbrb‘m CDC13): 10.33
(s, 1H), %89 (s, 1H, 2.52 (%orglfgmpe{rg&ejvs] ra/lz 156 (IVH ). Preparation
17. 6-Chl oro-5-net hyl - 3-pyri di necar bal dehyde (Used to prepare Exanple 74)

HOWC (a) ©®UX Certridgd e conpounds an ion exchange polpinatagniairghg strong cation
(6-chl oro-5-net hyl-3-pyridi nyenget hanol . (300 . 904 . 1) .
(vagtr i eve) (o398 o 36 5 meotsingn s erB® o deillPpplisd B ¥arone | 1 4

cl osed tube overnight. TLC shaygd sone starting material remaining.

Addi tional Cr02 (0.8 g) was added. After heating 4 additional hours, TLC
showed fulliB6hversion. Filtratt-Butddigmegvatbhehlatidon af f or ded

6- chl or o- -gmEhy! - 3- pyri di nec 4.8 ng, 69% as a white solid.
1H NMR (8, pp}rzn CDC11) : 10.07%2@1?%,9%%”(3, | H), 8.02 (s, | H, 2.48
(s, 3H). [ME3 M5] raiz 156 (Motrifluorbadetie acidnpound0 (a) net hyl

2-chl or o- 4- net hyl benzoate 2-chl r8- - met hyl benzoic acid (500 ng, 2.93
mol ) was dfssol ved in Met hané?trag‘7 nd SOC12 (0.215 ni, 2.93 mmol) was
slowy addgd to the m xture anpg.Jhsef €action was left at roomtenperature
overni ght. Next norning HPLC showed conpletion. Volatiles were renmp' ed
under vacuum t Pretbh ancleGaBagngtiofesomeact ( H ¥MRImpoctridwers rbvoodwd, ead . 1H NMVR (8

PO oo kpegfichbshiits ang rifosed i Rytstise ylop e Ebiietd pmufpd iR sifhare® 33

2- chl or o- 4etimtdityy 1 S18ME RS (KRR cViBtiord- 8RNV Hata WRSasdb B&WY: sedsihdlet, d =
Di chl or onmet hane (DCI\/rb (15 nL) and at OC Dibal-H (4.694 m, 7.04 nmmol) was

sl owl y addledbletThe trplet, drequesist, neftmutiploCdel oy domblet ahdoubitesh dat dovblgt of

t enper at ur.e _qver ni ght Q starti nat er i

Q ) t _or ni HPL.C .showed
Fenai i ng P GRe U R fmoal e e RErFS oo i MIRREY s
stirring figdizakioAQeuhnfuds.t A Rerhperi@tes@xd fepott@bindciiecdedMtigeideed and
concentrated to afford 365 ma of the final conpound, pure enough to be used
®

in the next stéy willlhgugdrestopdhyiihe @ﬂ@chshenvst?@fer?ws (qmregﬂ)lt,iouﬁ.@qus,l
2H) , 2. 33 oH) . - chi or o< 4- i
ot (5 oni SEOTAsimbE) mudic 1.9 By e L BN o o P RHR il O 5 360

m., 280 mentgmpass Raridhioas oneutianparmdEiys futk agitine aemPEGafndGlorkp 3@Hitidns, 4. 66
mmol ) was slow y added and the m xture was | eft under stirring at 0C for |
hour  t hen P30T GBRBISEAFRABSRIAR W hi ght . Next morni ng HPLC showed no
starting material remaining volatiles were renoved under vacuum and
resulting crude was dissolved in DCM washed several tinmes with water.
Organic layers were dried over Na2SO4 and volatiles renoved to afford 453
ng of the final conpound as a brown oil. 1HNWR (6 ppm CDCl4): 7.30 (d,
1H), 7.06 (s, 1H),5.11 (s,2H), 2.33 (s, 3H), 2.11 (s, 3H. (d) 4-
bromonmeth -2-chloro hen nmeth 1 acetat® (2-chl or o- 4- et hyl phenyOnret hyl
acetate (453 ng, 2.280 nmol) was dissolved in Chloroform (20 nL) and ATBN
(18.72 ny, 0.114 mmol) and NBS (406 ng, 2.280 nmol) were added under Ar

at nosphere. The reaction was | eft under reflux for 5 hours. HPLC showed a



ol (a) TBDMSO 1(b) TBDMSO, "?,N5--,,Cl-.1 N1.- (e) 0 (d)0O 1(0) title
conpound (a) 2,3-Dichloro-5-(

[ (1, 1-di feORyMein3pB) (di met hypsi 1M oxyl met hyl ) pyri di ne  PCT/EP20R9/45640Ur e oOf
(5, 6-di chl or o- 3- pyri di nyOret hanol (2000 ng, 1123 mol), EtgN (2.349 m,
16.85 mmol ), and tert-butyldinmethylsilyl chloride (1778 ng, 11.80 mmol) in

DMF (20 M) was, stirred t roomé}(ﬁ rat HPLC anal yse. showed

starting mat er IERCHARYRIYigE M SdpC v@%ﬁﬁwhaﬂ%% WP AYMOHBY | de
(847 mg, § @gdmks)ob@t@fﬁllﬁhﬁﬁ% ﬁ}drge‘lS(Fﬂlum%yﬂ?tdé”w&)lm"\f&&l}%gﬁ@(%d Jhgurl xture
reaction was stirred overnight. The crude was luted wt'h TBME (175 nl)
and wat er trlﬂ'd@ébwaqahy@qﬂmseamlaéommdeﬁal‘ﬁpmh soI ution sat. NaCl. C0an ned
organi cs were hed wi.th s d, and
concent rat ed. utadi cerbey il A i et LGS aphy
usi ng Fl aghamplesr, 119, 1a, B9 19, 51,150¢60,g8lang a6 tard ﬁgﬁmte@lﬂﬁ répr¥ieutagise 6f hexane
and EtOAc as el uent afforded 2, 3-Di chl or o- 5-({ R1,

di met hyl etchyppyrised thy paenyeoindafdhhyasioys peipatiye 5chgrr(ev pefgrrest toghoyin| ow oi | .

[ ES M5] rrl

5= n1 o o- SePrcepmifdshds o neorion iEREABY FISIPSY SSUPHE St IR TR iy pyr i o
ine in a seal ed tube charged with a solution of 2,3-dichloro-5-({[(1, 1-

di et hyl et hyl ) d| nmet hypS| I él ] oxyynet hé ﬁrl di ne (15 n? 5.13 nmmol ) in

1, 4- di oxareame Gompeundy fxpthedisog (11 bH 4 (S-aAHormomgIRY-3-The ni xture was
&gassed bR ny,
513 ol e R BT 13 P O B el 525 T2,

mol ) wer &|dcdiiadphthiyeidireat,fiddonahydrocidonis, wing PmpaaatnreeSdlmmet(é)rper ature
overni ght. The crude was diluted with water and extracted twi ce with EtOAc.
The conbi ned organi ¢ phases were washed wth water and with sat. NaCi,
dried over anhydrous MySO4 and concentrated under vacuum Purification by

flash chronat op- aphy using Fl ash gt I\, a {0 ck silica gel
cartridge, and m xtures of M Et nas ejuen af f or ded
3-chl oro-5- (1[0, 1- Z

di met hyl et hyl ) (di net hypswhyl ) - 2- ﬁ&henw pNyri dine (754 ny, 49%.
[ES M5] mz 284 (MO. (c¢) | or g} 6- et hen) 3-pyridinvl)nethanol A
solution of 3-chloro-5-(11 1- t hylet hyl ) (di met hypsi | y1] oxyl methyl)-2-
et henyl pyridine (707 mg, 2.491 mol ) and TBAF (3.74 m, 3.74 mmol) in THF
(20 M) was stirred at roomtenperature overnight. The m xture was

concent r atgeh, asimpityl-M @A n¥h 162810 -SIHRRRIRGsARAYIUSI ng Fl ashmaster 11, a
68 g Merck siTica géel cartrrdge, and m xtures of DCM and MeOH as eluent to
af ford (5- chl orfosBpetsirgfirigicthyacedimgeet8 it drs. Gétfbamrg) B400; (BEB3NB] m z

L 79 (PP o S 80819 MO B LRSRARELIgNR, 10,2 ol bt o o

was added é &hBény( MRGHHihENMBY -8 OB xaBtherkd. (58%%!9249%@1&)1@939% Bsse@s 4stirred
and heated at 40C in a pressure tube overni Af ter overnight, TLC showed

starting Hixepe éﬁOOrréandﬁrr@@gommSesomce@éfglsq b and thepdrogied ithwrshlatiéd and

t he m xt ur 8r ver

ay! on et %’P@?od& éié)i‘l&rﬁnl% a(frll d.3g il S(%’)g‘?ven %h'é Rﬁﬂﬁ%cfo&)as"mén lfléalte%aeeft ?Sh&

5-chl oro- 6"e1e2411er15h]: TR PE iwzlh Betpardiad, dehtydiezlﬂlzﬁeZeﬂ’(gL) binPgxtracked 3MEB}CM @L 68M
). (e) 5- Bisnmeth -3- 0-2- 2- nethvlox ethyl ridine In a seal ed tube
char ged widhfh thengs 399%‘3 er BV e st A @r%eb%ﬂoraa?%@acﬁ%%mer@a%%ed( 114
ng, 0.680 (W?@W'WWM(‘ ?et?oléﬂr)l eﬁf%fithlggw £l NidQHMBSV ? %ettlﬂ%@gﬂlgbﬁnd
orthoformate (0.074 m and HC1 (4Min d 0.408 m,
1.633 mmla}ayﬂmrselat(%o]@lrg,ﬂhﬂhl rmmls”ti%) édpla'e fioGosowerd hecahonmtd r t
over ni ght e sol.uti.on was conc vacu r.esi

G Tt ed et e o Rt PaE b S Aon TBeRb Do) efesbSTISRE conbi ned
organi c phgsg was dried over anhydrous Na2SO4 and concentrated under
reduced pressure. The crude was purification by flash chromat ography using
a 2 g sili[E8 M®] meaxoor(iMIge, 1080, Et 0Ac/ Hexane 4:6 as eluent to give a

m xture of 5-[bis(nmethyl oxy)nethyl]-3-chl oro-242- (et hyl oxy) et hyl ] pyri di ne
and 5- chl oro-642- (et hyl oxy) et hyl]-3-pyridi necarbal dehyde (2.5:1) (46.2
nmg). (f) 5-Chloro-6-[2- neth | ow ethyl -3- idinecarbal deh de A m xture of
5-[ bi s( et hyl oxy) met hy1] - 3- chl or 0- 242- (et hyl oxy) et hyl i pyri di ne and 5-

chl or 0- 642- (et hyl oxy) et hyl ] - 3- pyri di necar bal dehyde (2.5:1) (46.2 ng, 0.104
mmol) and IMHCL (2 ml, 2.000 mmol) in DCM (2 nL) was stirred at rt for 2
days. DCM and 1M NaOH sol ution were &$%ded. Extraction, drying (MjSO®), and
filtration afforded 5- chloro-6-[2-(methyl oxy)ethyl]-3-pyridi necarbal dehyde
(38 mg, 9% pure enough to be used in the next step. 1HNWR (6, ppm

CDCI 3): 10.06 (1H, s), 8.90 (1H s), 8.12 (1H, s), 3.87 (2H t), 3.38 (3H,




1H-NWR (6, ppm CDCI3): 10.05 (s, 1H), 8.83 (s, 1H), 8.09 (s, 1H), 2.73 (s,
3H). Biological Activity Antimcrobial Activity Assay: Whol e-cel |
ant i m cr oBDab%as13vei ty was determ ned by broth m crodil BCILGR209i066171 he
Clinical Laborat ory Standards Institute (CLS1) reconmended procedure,
Docunment M7- A7, "Met hods for Dilution Suscepti bility Tests for Bacteria
that G ow I uat ed ai nst

G am p03| { 508 St rept ococcus

pneunzoni ae, a Wscﬁﬂﬁ(ﬁf &0202 gﬁﬁétﬁﬂcm[li-%meﬂh@/lcﬁgﬂQ Iﬁyﬁﬁmyﬂﬁ%ﬁﬂﬁﬁiﬁe \®3.611 g,

eval uated agai nst a panel of Gamnegative organi sns 1 nclud
Haet nophi 126¢ 467 nimalgnz BBF (4} mkeh khahreaneskeddll fiask Es&lrmrlntcmaéthmnbmeter

Th hi b h
concent r atlBH ot uRLefaBRE: "€ hf Berbd S SR AR A3 AT ATS Ponder
was used temalysh&tls Mintiedsahdtitndotvbe tdMveme RIPFal iMd stirred at 0f@EIR 70, Thbe

conpounds of the |listed Exanples 1-31 and 33-59 as identified in Table 1 of
the presemix@prpeticn serooksddo a7&vf3@nd2reﬁ§egmﬁl laééjﬂhfgmogtﬁlamee@é( 3 B8hé1df the

Jigted
chome *mr b PN e BSOS B B PR )
the co rrpouﬁﬂecbﬁt rﬁﬁﬂlrtﬁhlpeﬁﬁlr@!\ﬁﬁ 30gﬂ1ﬁhteag@|wrh$cth tirhe alo figasol i8 Mbicicigddi fodi2&ld

Acr AB- . were tested in the Mycobacterium tubercul osis H37Ry

i nhi bi ti orﬁilbaglévsidgmc%av&ctbeewply f%éw%taedgldsgdmévwerl Wi Hrgcdon 0ﬂ§§é§he

The neasurguRMccl Wier Q‘OG'H{T)J%& ﬂ!éhlehﬁeﬁ{lgr £ABE S 13hiAltel Mirdhef Rhtepach
tested conpound was perforned flat-bottom polystyrene

m crot it el5{] mat)ezas thenaddad fand dlednuglrdWaﬂbktwwed witln €60 OMSO0stmbr Thang at
400uM wer e rfqrmed. Five 1.11 of qutlonsweeadddto 95 ul
of M el P BB el A o st RS Gk bRl e §8ut).

| soni azi d was us itive tro 0 oni azid
S ot g Sl SRR S B ol it SN R e il P end Y aaued
to 95ul Ofthé\/frgéikﬁ@s‘e@ﬁ%htﬂﬁﬁe RIS 1EA HERhcafstd R@d@uf Rbs fiRAES bE) walRaw 11,
lines A-H). Five ul neat DMSO were added to row 12 (growth 'and Bl ank
cont r ol s) .with ice- coqiﬁ@Etzﬁ)d@Q |rmlbnan@ér1@t ArvderaiosBve prodages exyhvigselig (406007

cf u/mi a“g ?sé 1] bod ﬁltMthégse&ra@g&tqgﬁ%d*%ﬁé)ltepld(lmg' ebr ook ADC

enri chnen rate ure e rowt h of

mycobact erchﬁimﬁcﬁgeaplﬁsa (awa% EM)@c/ﬂ@-ampBe@lbm e&e@kﬂo@@}e&%@ém&ﬁnﬁef 2 1
1887), to produce_the final inoculumo R%/ strain ﬁgATCCZSG 18). One
hundr ed ulm&¢r1a! K7-304 gotdd mm%én%a@éacttaé achlé etd(R0pY 8t/ Bl malp and H- 12
wel I's (Bl revent
G yi ng outTeh” Tl DA ol boeR BN PR BB e SRS AP By SR Thout
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Mycobact eri um tubercul osis H37Rv inhibition assay except for exanples 45
(tested aProqemoag|t), 58, 66, 67, 69. Al tested Exanples showed an MLC
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7 "V
> t tI‘lS(d benth]1IaeneacetoneJ)dlpalladlum(O) (0.892 g, 0.974 mmol) in dry, degassed 1,4-
dioxane (600 ml) was treated with n-butyl acrylate (47.1 ml, 329 mmol) and

dicyclohexylmethylamine (64.5 ml, 302 mmol). The reaction mixture was then heated at
80 °C for 4 h and then at 120 °C for 3 h. The reaction was then evaporated and water
(1000 ml) was added and the mixture was extracted with Et,O (3 x 500 ml). The

combined organic solvents were then dried (MgSQy), filtered, evaporated to give the
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crude product. This was then dissolved in DCM (300 ml) and chromatographed (10-30%
EtOACc:40-60 petroleum ether) and then dried in vacuo to give product as a white solid
(87.412 g, 95%).

[ES MS] m/z 335 (MH™, 100%).

(d) Butyl 3-[2-[(2.2-dimethylpropanoyl)amino]-6-(methyloxy)-3-pyridinyl [propanoate

A solution of butyl (2E)-3-[2-[(2,2-dimethylpropanoyl)amino]-6-(methyloxy)-3-
pyridinyl]-2-propenoate (43.706 g, 131 mmol) in ethanol (450 ml) under argon at rt was
treated with palladium on carbon (10% paste) (5.0 g, 47.0 mmol) and then stirred at rt
under 1 atmosphere of hydrogen for 90 h. The reaction mixture was then filtered through
a thin pad of Kieselguhr, washing the product through with further ethanol (200 ml). The
solvent was then evaporated to give product as a yellow solid (43.549 g, 99%).

[ES MS] m/z 337 (MH™, 100%).

(e) 7-(Methyloxy)-3.4-dihydro-1.8-naphthyridin-2(1 H)-one

A mixture of butyl 3-[2-[(2,2-dimethylpropanoyl)amino]-6-(methyloxy)-3-
pyridinyl]propanoate (86.01 g, 256 mmol) in hydrochloric acid (500 ml, 3000 mmol) (6M
aqueous), was heated at 80 °C for 6 h. Reaction was cooled, treated with water (500ml),
transferred to a 5 L conical flask and carefully neutralised with solid K,COj3 (requires
around 250g) (much effervescence was observed). The mixture was then extracted with
20% MeOH/DCM (3 x 500 ml). The combined organic solvents were then dried
(MgSO 4), filtered, evaporated to give the crude product as a yellow solid (35.84 g, 79%).

[ES MS] m/z 179 (MH™, 100%).

(f) 7-(Methyloxy)-1-[(2R)-2-oxiranylmethyl]-3.4-dihydro-1.8-naphthyridin-2(1 H)-one
A solution of 7-(methyloxy)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (4.974 g,
27.9 mmol) in DMF (100 ml) at 0°C under argon was treated with sodium hydride (60%,

1.340 g, 33.5 mmol) and allowed to stir at 0°C for 20 min. The reaction mixture was then
treated with (25)-2-oxiranylmethyl 3-nitrobenzenesulfonate (7.60 g, 29.3 mmol) and then
then allowed warm slowly to rt and stirred at rt for 1 h. Water (5 ml) was then added.

Reaction was evaporated, saturated aqueous NaHCOj; (500 ml) was then added and the
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mixture was extracted with DCM (3 x 500 ml). The combined organic solvents were then

dried (MgSO ), filtered, evaporated to give the crude product.

[ES MS] m/z 235 (MH™, 100%).

(g) (18)-1-(Hydroxymethyl)-1.2.5.6-tetrahydro-4H,9H-imidazo[1.2,3-i7]-1.8-

naphthyridine-4.9-dione.

A solution of 7-(methyloxy)-1-[(2R)-2-oxiranylmethyl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (1.167 g, 4.98 mmol) in DMF (20 ml) under argon was heated to
120°C for 6 h. Reaction was then evaporated and chromatographed (0-20% MeOH/DCM)

to give product as an orange solid (339 mg, 31%).
[ES MS] m/z 221(MH™, 100%).
Alternatively the reaction can be heated with microwave power at 160°C for 40

mins.

(h) 1.1-Dimethylethyl (1-{[(2R)-4.9-diox0-1.2.8.9-tetrahydro-4H.,7H-imidazo[1.2.3-ij]-

1,8-naphthyridin-2-ylJmethyl }-4-piperidinyl)carbamate.
A solution of (15)-1-(hydroxymethyl)-1,2,5,6-tetrahydro-4H,9H-imidazo[1,2,3-
ij]-1,8-naphthyridine-4,9-dione (1.909 g, 8.67 mmol) in DCM (100 ml) at 0°C under

argon was treated with Et;N (1.450 ml, 10.40 mmol) and then methanesulfonyl chloride
(0.743 ml, 9.54 mmol) and then allowed to warm to rt and stirred at rt for 1 h. The
reaction mixture was then treated with saturated aqueous NaHCOj; (100 ml) and the
mixture was extracted with DCM (2 x 100 ml). The combined organic solvents were then

dried (MgSQy), filtered, evaporated to give the crude intermediate [(25)-4,9-dioxo-

1,2,8,9-tetrahydro-4H,7H-imidazo[ 1,2,3-i/]-1,8-naphthyridin-2-yl methyl
methanesulfonate. This was dissolved in dry CH3CN (100 ml) and then treated with
pyridine (1.402 ml, 17.34 mmol) and 1,1-dimethylethyl 4-piperidinylcarbamate (3.47 g,
17.34 mmol) and heated at 70°C for 20 h. After 20 h more 1,1-dimethylethyl 4-
piperidinylcarbamate (3.47 g, 17.34 mmol) and pyridine (1.402 ml, 17.34 mmol) were
added and the temperature was increased to reflux (heating block 95°C) and reaction was
stirred at this temperature for a further 4 h. The reaction mixture was then evaporated,

treated with saturated aqueous NaHCO : (200 ml) was then added and the mixture was
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extracted with DCM (3 x 200ml). The combined organic solvents were then dried
(MgSQOy), filtered, evaporated to give the crude product as a brown solid.

[ES MS] m/z 403 (MH™, 100%).

(1) 1.1-Dimethylethyl (1-{[(1R)-4.9-dioxo0-1.2-dihydro-4H.9H-imidazo[1.2.3-i/]-1.8-

naphthyridin-1-yl]methyl } -4-piperidinyl)carbamate
A solution of 1,1-dimethylethyl (1-{[(2R)-4,9-diox0-1,2,8,9-tetrahydro-4H,7H-
imidazo[1,2,3-i7]-1,8-naphthyridin-2-yl]methyl } -4-piperidinyl)carbamate (5.710 g, 14.19

mmol) in 1,4-dioxane (50 ml) at rt was treated with DDQ (4.83 g, 21.28 mmol) and then
heated at 120°C for 1 h. The reaction was then cooled to rt. The reaction mixture was

treated with saturated aqueous K CO, (5%, 1000 ml) and extracted with DCM (3 x 500
ml). The combined organic solvents were then dried (MgSQy), filtered, evaporated to

give the crude product as a brown solid. The reaction was repeated using a further portion
of carbamate (2.889 g, 7.18 mmol) in 1,4-dioxane (50 ml) with DDQ (2.444 g, 10.77
mmol). The reaction was performed and worked up as above and the combined residues
were chromatographed (0-100% EtOAc:40-60 Petroleum ether then 0-20%
MeOH:EtOAc) to give the product as a brown solid (1.532 g, 18%).

[ES MS] m/z 401(MH™, 100%).

() AR)-1-[(4-Amino-1-piperidinyl)methyl]-1.2-dihydro-4H.9H-imidazo[1.2.3-i/]-1.8-

naphthyridine-4.9-dione.
A solution of 1,1-dimethylethyl (1-{[(1R)-4,9-diox0-1,2-dihydro-4H,9H-

imidazo[1,2,3-i/]-1,8-naphthyridin-1-ylJmethyl } -4-piperidinyl)carbamate (1.532 g, 3.83
mmol) in chloroform (20 ml) under argon at rt was treated with 4M HCl in 1,4-dioxane
(10 ml, 40.0 mmol) and stirred at rt for 0.25 h. MeOH (20 ml) was then added and
reaction was stirred for a further 0.25 h. The reaction was then evaporated and triturated
with Et,O (20ml). The solid was then dried in vacuo to give the impure product as a
brown solid (1.443 g, 101%).
[ES MS] m/z 301(MH™, 100%).

1-[(4-Amino-1-piperidinyl )methyl]-1,2-dihydro-4H,9H-imidazo[1,2,3-i]-1,8-
naphthyridine-4,9-dione dihydrochloride made by this general method (Example 5(a)-(j))
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was analyzed via chiral HPLC (Chiralpak AS-H (5 microns)) and found to be a single
enantiomer, presumed to be R.

The crude dihydrochloride was dissolved in MeOH and water (1ml) and applied
to an SCX column (20g) (preconditioned with 2 column volumes of MeOH). The column
was then eluted, under gravity, using (i) MeOH, (i1) 0.5M ammonia in MeOH.
Appropriate fractions were combined and evaporated under reduced pressure to give 1.0

g (88%) of the title compound as a beige solid.

(k) Title compound: (1R)-1-[(4-{[(5-Chloro-6-methyl-3-pyridinyl)methylJamino}-1-
piperidinyl)methyl]-1.2-dihydro-4H.9H-imidazo[1.2.3-i/]-1.8-naphthyridine-4.9-dione

hydrochloride.

A solution of (1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-
imidazo[1,2,3-i7]-1,8-naphthyridine-4,9-dione (119 mg, 0.396 mmol) and 5-chloro-6-
methyl-3-pyridinecarbaldehyde (for a synthesis see W02006/137485 A1 Example 256)
(61.6 mg, 0.396 mmol) in a mixture of DCM (1.5 ml) and MeOH (1.5 ml) was stirred at
room temperature for 2 h. NaBH(OAc)s (252 mg, 1.189 mmol) was then added and the
mixture stirred at room temperature. The reaction was monitored by LCMS and when full
conversion was observed, it was quenched with 10% NaHCOj; and extracted with DCM.
The organic layer was dried (MgSQs), filtered, and concentrated.

Purification by flash chromatography using Flashmaster I, a 5g silica gel
cartridge, and mixtures of DCM and MeOH as cluent afforded 88 mg (0.2 mmol, 51%) of
the expected product as the free base.

o N N Q\H/\QCHG
J
'H-NMR (3, ppm, CDCl3): 8.29 (d, 1H), 7.66 (d, 1H), 7.48 (dd, 2H), 6.27 (dd, 2H), 5.00-
4.96 (m, 1H), 4.56 (dd, 1H), 4.37 (dd, 1H), 3.76 (s, 2H), 3.10 (dd, 1H), 2.96-2.91 (m,
1H), 2.67 (dd, 2H), 2.59 (s, 3H), 2.54-2.48 (m, 1H), 2.30-2.17 (m, 2H), 1.90-1.81 (m,
2H), 1.47-1.31 (m, 2H). [ES MS] m/z 440 (MH").

This free base was dissolved in MeOH (9 ml). HCI (4M solution in 1,4-dioxane,

0.050 ml, 0.2 mmol) was added dropwise. After stirring at room temperature for 20 min,

the solvent was evaporated. MeOH and hexane were used to help removal of dioxane.
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(1R)-1-[(4-{[(5-chloro-6-methyl-3-pyridinyl)methylJamino } -1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-i7]-1,8-naphthyridine-4,9-dione hydrochloride (92.5 mg,
0.194 mmol, 49.0 %) was obtained as an off-white solid.

'H-NMR (3, ppm, CDCl;+CDs0D): 8.33 (d, 1H), 8.05 (d, 1H), 7.53 (d, 1H), 7.52 (d,
1H), 6.28 (d, 1H), 6.24 (d, 1H), 5.05-4.93 (m, 1H), 4.48 (dd, 1H), 4.35 (dd, 1H), 3.99 (s,
2H), 3.07 (dd, 1H), 3.03-2.78 (m, 2H), 2.77-2.62 (m, 2H), 2.58 (s, 3H), 2.37-2.17 (m,
2H), 2.12-1.97 (m, 2H), 1.70-1.46 (m, 2H). [ES MS] m/z 440 (MH").

Example 1A: Synthesis of Example 1 Compound (1R)-1-[(4-{[(5-chloro-6-methyl-3-
pyridinyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-imidazo|[1,2,3-

ij]-1,8-naphthyridine-4,9-dione hydrochloride, proceeding via a salt form of a

compound of Formula (ITA).
of
— (O~
N
o) N N o) \ N/
™ =

(1) A R)-1-[(4-amino-1-piperidinyl)methyl]-1.2-dihydro-4H.9H-imidazo[1.2.3-i/]-1.8-

naphthyridine-4.9-dione dihydrochloride
A solution of 1,1-dimethylethyl (1-{[(1R)-4,9-diox0-1,2-dihydro-4H,9H-

imidazo[1,2,3-i7]-1,8-naphthyridin-1-yl]methyl } -4-piperidinyl)carbamate (see Example 1
(1) above) (4.282 g, 10.69 mmol) in CHCl; (20 ml) under Ar at room temperature was
treated with HCI (4M solution in 1,4-dioxane, 20 ml, 80 mmol) and stirred at rt for 15
min, MeOH (20 ml) was then added. After stirred for 15 min, the reaction was evaporated
and triturated with Et,O (20 ml). The obtained solid was dried in vacuo to give (1R)-1-
[(4-amino-1-piperidinyl )methyl]-1,2-dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-
4,9-dione dihydrochloride (4.55 g, 12.21 mmol, 100%) as a yellow powder.

[ES MS] m/z 301 (MH").
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(11) Title compound: (1R)-1-[(4-{[(5-Chloro-6-methyl-3-pyridinyl)methyl]amino}-1-
piperidinyl)methyl]-1,2-dihydro-4H.9H-imidazo[1.2.3-i/]-1.8-naphthyridine-4.9-dione

hydrochloride

A solution of (1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-
imidazo[1,2,3-i7]-1,8-naphthyridine-4,9-dione dihydrochloride (63.3 mg, 0.170 mmol)
and EtsN (0.022 ml, 0.154 mmol) in CHCl; (3 ml) was stirred at room temperature for 15
min then 5-chloro-6-methyl-3-pyridinecarbaldehyde (for a synthesis see
WO020006/137485 Al Example 256) (24 mg, 0.154 mmol) was added. The resulting
reaction mixture was stirred at room temperature for 1 h then NaBH(OACc)s (98 mg, 0.463
mmol) was added and the mixture was stirred at room temperature overnight. The
reaction was monitored by LCMS and when full conversion was observed, it was
quenched with 10% NaHCO; and extracted with DCM several times. The organic layer
was dried (MgS0,), filtered, and concentrated. Purification by flash chromatography
using a 5 g silica gel cartridge, and mixtures of DCM and MeOH as eluent afforded 9 mg
(13%) of the expected product as the free base. It was dissolved in MeOH (2 ml). HCI
(1M solution in Et;0, 0.02 ml, 0.02 mmol) was added dropwise. After stirring at room
temperature for 20 min, the solvent was evaporated. (1R)-1-[(4-{[(5-Chloro-6-methyl-3-
pyridinyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-imidazo[ 1,2,3-ij]-
1,8-naphthyridine-4,9-dione hydrochloride (92.5 mg, 0.194 mmol, 49%) was obtained as
a yellow powder.
'H-NMR (8, ppm, CDCL:+CD:0D): 8.33 (d, 1H), 8.05 (d, 1H), 7.53 (d, 1H), 7.52 (d,
1H), 6.28 (d, 1H), 6.24 (d, 1H), 5.05-4.93 (m, 1H), 4.48 (dd, 1H), 4.35 (dd, 1H), 3.99 (s,
2H), 3.07 (dd, 1H), 3.03-2.78 (m, 2H), 2.77-2.62 (m, 2H), 2.58 (s, 3H), 2.37-2.17 (m,
2H), 2.12-1.97 (m, 2H), 1.70-1.46 (m, 2H). [ES MS] m/z 440 (MH").
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Example 2 Compound: Synthesis of (2R)-2-[(4-{[(5-chloro-6-methyl-3-
pyridinyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-

triazaacenaphthylene-3,8-dione hydrochloride, using Preparative Scheme (1)

— (-
O ~5-

(a) 2-{[6-(Methyloxy)-3-nitro-2-pyridinylJamino } -1,3-propanediol

6-Methoxy-2-chloro-3-nitropyridine (36.94 g, 195.9 mmol) and 2-aminopropane-
1.3-diol (35.65 g, 391.3 mmol) were stirred in ethanol (500 ml) at reflux under argon for
3 h. The mixture was allowed to cool to room temperature and left overnight. The solvent
was partially removed under reduced pressure (to ca. 150 ml) and the resulting bright
yellow slurry was poured into ice-water (1.5 L) with vigorous stirring. The mixture was
stirred for 1 h then filtered with suction while cold. The solid was washed with ice-cold
water (200 ml) and air-dried to give the title compound as a bright yellow solid (45.03 g,
94%). LCMS showed desired product (93%) plus 7% starting material. The product was
used without further purification.

[ES MS] m/z 244 (MH").

(b) N~(2.2-Dimethyl-1.3-dioxan-5-yl)-6-(methyloxy)-3-nitro-2-pyridinamine
2-{[6-(Methyloxy)-3-nitro-2-pyridinylJamino}-1,3-propanediol (53.93 g, 228.7

mmol) was stirred in 2,2-dimethoxypropane (900 ml) under argon and p-toluenesulphonic
acid monohydrate (1.00 g) was added. The mixture was stirred at room temperature
overnight to give a clear yellow solution. This was with diluted with DCM (1 L) and the
resulting solution was treated with saturated aqueous NaHCOj3 (20 ml) and solid NaHCO3
(20 g) with vigorous stirring (effervescence). The mixture was vigorously stirred for 20
minutes, then the remaining water was absorbed by addition of anhydrous Na,SO4. The
mixture was filtered with suction and the solids were washed with DCM (500 ml). The
combined filtrate plus washings were evaporated under reduced pressure to give a yellow

solid which was stirred with petroleum ether (40-60°) over the weekend. The solid was
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isolated by filtration with suction, washed with petroleum ether (40-60°) and air-dried to
give the title compound as a bright yellow solid (57.83 g, 92%).
[ES MS] m/z 284 (MH ).

(©) N*-(2.2-Dimethyl-1,3-dioxan-5-y1)-6-(methyloxy)-2.3-pyridinediamine
N-(2,2-Dimethyl-1,3-dioxan-5-yl)-6-(methyloxy)-3-nitro-2-pyridinamine (35.00

g, 123.6 mmol) was divided into 2 aliquots, each of which was taken up in 1,4-dioxane
(500 ml) and hydrogenated over 10% Pd on carbon (paste, 1:1 w:w with water, 4.00 g)
under latmosphere hydrogen pressure, at room temperature for 18 h. The mixtures were
filtered with suction though Celite, using argon blanket and taking care to minimise
contact of the product with air. The solids were washed with 1,4-dioxane and the
combined filtrate plus washings were evaporated under reduced pressure to give the title
compound as a deep purple oil. This was used immediately in the next step.

[ES MS] m/z 254 (MH ).

(d) Ethyl N-[2-[(2.2-dimethyl-1.3-dioxan-5-yl)amino]-6-(methyloxy)-3-

pyridiny]]glycinate

Crude N*-(2,2-dimethyl-1,3-dioxan-5-yl)-6-(methyloxy)-2,3-pyridinediamine
(123.6 mmol) was dissolved in anhydrous DMF (500 ml) under argon and anhydrous
K,COj; (37.56 g) was added, followed by ethyl bromoacetate (12.31 ml). The mixture was
stirred at room temperature overnight. The solvent was removed under reduced pressure
and the resulting reddish-brown slurry was partitioned between DCM (1.2 L) and water
(300 ml). The organic phase was separated and washed with water (300 ml), dried over
Na,SQy, filtered and evaporated under reduced pressure to give a dark red oil, this was
taken up in a minimum of DCM and purified by column chromatography on silica (eluted
with 5%-60% EtOAc in petroleum ether (40-60°)). Appropriate fractions were combined
and evaporated under reduced pressure to give the title compound as a dark orange oil
(35.42 g, 84%).
[ES MS] m/z 340 (MH ).
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(e) 4-(2.2-Dimethyl-1.3-dioxan-5-yl)-6-(methyloxy)-1.4-dihydropyrido[2.3-b]pyrazin-
3(2H)-one

Ethyl N-[2-[(2,2-dimethyl-1,3-dioxan-5-yl)amino]-6-(methyloxy)-3-
pyridinyl]glycinate (35.42 g, 104.4 mmol) was dissolved in dry THF (500 ml) and the
solution was added dropwise over 2 h to a cooled (0°C) suspension of sodium hydride
(4.173 g of 60% w:w dispersion in oil) in dry THF (500 ml) under argon. During the
addition the colour of the suspension changed from orange to green. The mixture was
stirred at 0°C for a further 15 minutes, then allowed to warm to room temperature and
stirred at rt for 1 h. The mixture was cooled to 0°C and saturated NH4ClI (15 ml) was
added cautiously with vigorous stirring (effervescence observed). After effervescence had
ceased, the mixture was allowed to warm to room temperature and stirred for 4 h then
diluted with EtOAc (500 ml) and filtered with suction. The solids were washed with
EtOAc (300 ml) and the combined filtrate plus washings were evaporated under reduced
pressure to give a dark brown solid. This was stirred with petroleum ether (40-60°) (500
ml) plus EtOAc (20 ml) and filtered with suction to give a lighter brown solid which was
washed with petroleum cther (40-60°) (100 ml) and air-dried to afford the title compound
(25.37g, 82%).
[ES MS] m/z 316 (MNa ).

(f) 4-(2.2-Dimethyl-1,3-dioxan-5-yl)-6-(methyloxy)pyrido[2.3-b]pyrazin-3(4H)-one
4-(2,2-Dimethyl-1,3-dioxan-5-yl)-6-(methyloxy)-1,4-dihydropyrido[2,3-

blpyrazin-3(2H)-one (25.37 g) and activated manganese dioxide (120 g) were stirred in
DCM (500 ml) at room temperature for 2 h. The mixture was filtered with suction and the
solids were washed with DCM (2 x 100 ml). The combined filtrate plus washings were
evaporated under reduced pressure to give a brown foam; this was purified by column
chromatography on silica (cluting with 0%-100% EtOAc in petroleum ether (40-60°)).
Appropriate fractions were combined and evaporated under reduced pressure to give the
title compound as a light tan solid (17.40 g, 69%).

[ES MS] m/z 314 (MNa)).
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(g) 4-[2-Hydroxy-1-(hydroxymethyl)ethyl]-6-(methyloxy)pyrido[2.3-b]pyrazin-3(4H)-
one

4-(2,2-Dimethyl-1,3-dioxan-5-yl)-6-(methyloxy)pyrido[2,3-b]pyrazin-3(4 H)-one
(17.40 g, 59.7 mmol) was dissolved in THF (220 ml) to give a dark yellow solution. 1M
HCI aq. (200 ml) was added (transient blue and green colours appeared in the solution)
and the now light yellow solution was stirred at room temperature for 1 h. The mixture
was concentrated to ca.300 ml on a rotary evaporator using a cold water bath (some solid
was precipitated during this procedure) then was stirred vigorously while solid sodium
hydrogen carbonate was added in portions (caution: effervescence) until the mixture was
ca. pH 8. The resulting yellow solid was collected by filtration with suction, washed with
water (2 x 20 ml) and air-dried to give the title compound as an amorphous yellow solid
(13.805 g, 91%).
[ES MS] m/z 252 (MH ).

(h) (3.8-Dioxo-1,2-dihydro-3H.8H-2a.5.8a-triazaacenaphthylen-2-yl)methyl

methanesulfonate

In a 1L round-bottomed flask was placed 4-[2-hydroxy-1-(hydroxymethyl)ethyl]-
6-(methyloxy)pyrido[2,3-b]pyrazin-3(4H)-one (11.330 g, 45.1 mmol). Anhydrous
chloroform (280 ml) was added, followed by EtsN (31.4 ml, 225 mmol), and
methanesulfonic anhydride (31.4 g, 180 mmol) to give a dark yellow-brown solution.
During addition of the methanesulfonic anhydride, an exothermic reaction occurred
which was sufficient to cause the solvent to boil. The mixture was stirred vigorously at
reflux under argon for 4.5 h. The mixture was allowed to cool to room temperature,
diluted with DCM to ca. 600 ml, and washed with water (200 ml). The organic phase was
separated, and the aqueous phase was extracted with DCM (2 x 200 ml). The combined
organic extracts were dried over anhydrous Na,SOy, filtered, and evaporated under
reduced pressure to give crude mesylate as dark brown oil. This was left overnight under
40-60° petrol (200 ml) plus DCM (50 ml). The resulting solid was isolated by filtration
with suction, washed with 4:1 petrol:DCM (2 x 50 ml) and air-dried to give the title
compound as a brown amorphous solid (6.950 g, 52%)

[ES MS] m/z 298 (MH ).
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(1) 1.1-Dimethylethyl {1-[(3.8-diox0-1.2-dihydro-3H.8H-2a,5.8a-triazaacenaphthylen-2-

yhmethyl]-4-piperidinyl } carbamate

Crude (3,8-dioxo-1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylen-2-yl )methyl
methanesulfonate (6.950 g, 23.38 mmol) was dissolved in dry CH3;CN (200 ml) and the
mixture was treated with pyridine (7.55 ml, 94.0 mmol) followed by 1,1-dimethylethyl 4-
piperidinylcarbamate (10.30 g, 51.4 mmol). The mixture was stirred at reflux under argon
for 3 h then at 50°C over the weekend. The mixture was then stirred at 90°C for 2 h, then
the volatiles were removed under reduced pressure and the residue was partitioned
between DCM (600 ml) and water (100 ml). The organic phase was separated and the
aqueous phase was extracted with DCM (2 x 200 ml). The combined organic extracts
were washed with water (2 x 100 ml) dried over anhydrous Na,SQOy, filtered and
evaporated under reduced pressure to give a dark tan solid; this was taken up in a
minimum of 5% MeOH in DCM and applied chromatographed, eluting with 0-10%
MeOH in DCM. Appropriate fractions were combined and evaporated under reduced
pressure to give the title compound as an amorphous pale tan solid (5.444 g, 57%).

[ES MS] m/z 424 (MNa"), 402 (MH").

() 2-[(4-Amino-1-piperidinyl)methyl]-1.2-dihydro-3H.8 H-2a,5,8a-triazaacenaphthylene-

3.8-dione (Racemic and Enantiomer 1 and 2 synthesis)

Method A (Racemic synthesis):
1,1-Dimethylethyl {1-[(3,8-dioxo0-1,2-dihydro-3H,8H-2a,5,8a-

triazaacenaphthylen-2-yl)methyl]-4-piperidinyl } carbamate (1.630 g, 4.06 mmol) was
suspended in DCM (30 ml) and 4M HCl in 1,4-dioxane (15 ml) was added to give a
bright yellow suspension (and gas evolution). The bright yellow mixture was allowed to
stand at room temperature for 1 h. LCMS showed no starting material remaining. The
solvents were removed under reduced pressure and the residue was dried under reduced
pressure overnight to give the dihydrochloride salt of the title compound as an amorphous
tan solid (1.760g (> theoretical yield for the dihydrochloride owing to the presence of
residual solvent)).

A portion of the crude dihydrochloride (0.513 g) was dissolved in MeOH (4 ml)
plus water (1 ml) and applied to an SCX column (10 g) (preconditioned with 2 column
volumes of MeOH). The column was then eluted, under gravity, using (i) MeOH
(2x50ml), (i1) 0.5M ammonia in MeOH (3 x 50 ml fractions). Appropriate fractions were
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combined and evaporated under reduced pressure to give the crude title compound as a
tan amorphous solid (410 mg), which contained MeOH-insoluble material not apparent
by LCMS (possibly NH4Cl). The product was shaken with MeOH (30 ml) and the
suspension was filtered. The solid was washed with MeOH (20 ml) and the combined
filtrate and washings were evaporated under reduced pressure to give the title compound
(360 mg, 87%).

[ES MS] m/z 302 (MH ).

Method B

1,1-Dimethylethyl {1-[(3,8-dioxo0-1,2-dihydro-3H,8H-2a,5,8a-
triazaacenaphthylen-2-yl)methyl]-4-piperidinyl } carbamate (9.735 g, 24.25 mmol) was
suspended in DCM (90 ml) and 4M HCl in 1,4-dioxane (45 ml) was added to give a
bright yellow suspension (and gas evolution). The bright yellow mixture was stirred at
room temperature for 1 h. The solvents were removed under reduced pressure to give the
crude dihydrochloride as a bright yellow amorphous solid (10.420 g) containing residual
solvent).

The racemic dihydrochloride (10.42 g) was resolved into its two enantiomers by
preparative chiral HPLC using a 4 inch Chiralpak AD (20 microns) preparative column
with 50:50:0.1 CH;CN:MeOH:isopropylamine as the mobile phase. The alpha value was
3.1 and baseline resolution was observed for all 3 runs. There was no overlap fraction
and both enantiomers (as the free bases) were isolated in >99.8 ee each.
(2R)-2-[(4-Amino-1-piperidinyl)methyl]-1,2-dihydro-3 H,8 H-2a,5,8a-
triazaacenaphthylene-3,8-dione (first component eluted): (3.30 g, light beige solid, chiral
HPLC: 100% ee).

[ES MS] m/z 302 (MH ).

Optical rotation: alpha D = -120° (C=1.00, MeOH, 21.8°C).
(25)-2-[(4-Amino-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-2a,5,8a-
triazaacenaphthylene-3,8-dione (second component eluted): (3.30 g, light beige solid,
chiral HPLC: 99.8% ce).

[ES MS] m/z 302 (MH ).

Optical rotation: alpha D = +122° (C=1.00, MeOH, 21.8°C).
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(k) Title compound: (2R)-2-[(4-{[(5-Chloro-6-methyl-3-pyridinyl)methyl]amino}-1-

piperidinyl)methyl]-1.2-dihydro-3 H.8 H-2a,5.8a-triazaacenaphthylene-3.8-dione
hydrochloride

A solution of (2R)-2-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-
2a,5,8a-triazaacenaphthylene-3,8-dione (63.4 mg, 0.210 mmol) and 5-chloro-6-methyl-3-
pyridinecarbaldehyde (for a synthesis see W0O2006/137485 A1 Example 256) (32.7 mg,
0.210 mmol) in a mixture of DCM (1.5 ml) and MeOH (0.5 ml) was stirred at room
temperature for 30 min. NaBH(OAc¢)3 (312 mg, 1.473 mmol) was then added and the

mixture stirred at room temperature. The reaction was monitored by LCMS and when full

conversion was observed, it was quenched with 10% NaHCO5 and extracted with DCM.
The organic layer was dried (MgSOy), filtered, and concentrated.

Purification by flash chromatography using Flashmaster I, a 2g silica gel
cartridge, and mixtures of DCM and MeOH as cluent afforded 34.6 mg (0.078 mmol,
37%) of the expected product as the free base. It was dissolved in MeOH (6 ml). HCI (4
M solution in 1,4-dioxane, 0.019 ml, 0.078 mmol) was added dropwise and the mixture
stirred at room temperature for 35 min. Then, the solvent was evaporated. MeOH and
hexane were used to help removal of dioxane. (2R)-2-[(4-{[(5-chloro-6-methyl-3-
pyridinyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-2a,5,8a-
triazaacenaphthylene-3,8-dione hydrochloride (60.4 mg, 0.127 mmol) was obtained as a
yellow solid.

'H-NMR (d, ppm, DMSO-de): 9.07 (bs, 1H), 8.52 (s, 1H), 8.10 (s, 1H), 7.85 (d, 1H), 7.73
(s, 1H), 6.25 (d, 1H), 5.07-4.99 (s, 1H), 4.36-4.17 (s, 4H), 3.04-2.96 (m, 3H), 2.86-2.72
(m, 2H), 2.55 (s, 3H), 2.25-1.96 (m, 5H), 1.53-1.46 (m, 2H). [ES MS] m/z 441 (MH").
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Example 2 Compound: Synthesis of (2R)-2-[(4-{[(5-chloro-6-methyl-3-
pyridinyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-

triazaacenaphthylene-3,8-dione hydrochloride, using Preparative Scheme (4)

— (-
O ~5-

(a) (2R)-2-{[6-(Methyloxy)-3-nitro-2-pyridinyl]amino } -3-[(phenylmethyl)oxy]-1-

propanol
To a solution of (R)-2-amino-3-benzyloxy-1-propanol (698.4 g, 3.931 mol) in

EtOH (3.6 L) was added Et;N (1.27 L, 9.11 mol) in portions over 10 min. Then a
solution of 2-chloro-6-methoxy-3-nitropyridine (672.7 g, 3.567 mol) in EtOH (0.6 L) was
added in portions over 10 min. The mixture was heated at 78 °C for 2 h. The reaction
mixture was cooled to room temperature and added to stirred ice/H,O (8.4 L). The
mixture was extracted with EtOAc (9 + 6 + 3 L). The extracts were washed with brine (6
L), dried over MgSO, (~900 g), filtered and evaporated to give (2R)-2-{[6-(methyloxy)-
3-nitro-2-pyridinyl Jamino}-3-[(phenylmethyl)oxy]-1-propanol (1373.1 g, 115%) as an

orange oil.

(b) N-((185)-2-{[(1.1-Dimethylethyl)(dimethyl)silylJoxy}-1-

{[(phenylmethyoxylmethyl}ethyl)-6-(methyloxy)-3-nitro-2-pyridinamine

To a solution of (2R)-2-{[6-(methyloxy)-3-nitro-2-pyridinyl Jamino } -3-
[(phenylmethyl)oxy]-1-propanol (675.8 g) in DMF (2.37 L) was added chloro(1,1-
dimethylethyl)dimethylsilane (382.0 g) in portions. Then, imidazole (331.2 g) was added
in portions and the mixture was stirred at room temperature for 1.5 h. The reaction
mixture was evaporated and the resulting orange gum was partitioned between EtOAc (3
L) and H,O (3 L). The layers were separated and the aqueous was extracted with EtOAc
(2.5+ 2 L). The organic layers were combined, dried over MgSQO4 (~500 g), filtered and
evaporated to give an orange oil. The crude product was purified by column
chromatography (10 kg silica, 9:1 heptane:EtOAc) to give N-((15)-2-{[(1,1-
dimethylethyl)(dimethyl)silylJoxy}-1-{[(phenylmethyl)oxy]methyl}ethyl)-6-
(methyloxy)-3-nitro-2-pyridinamine (774.7 g, 100%) as a bright yellow solid.
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(©) N-((1 S$)-2-{[(1.1-Dimethylethyl)(dimethyl)silylJoxy}-1-
{[(phenylmethyDoxy]methyl i ethyl)-6-(methyloxy)-2.3-pyridinediamine
To a solution of N-((15)-2-{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-1-

{[(phenylmethyl)oxy]methyl} ethyl)-6-(methyloxy)-3-nitro-2-pyridinamine (642.6 g,
1.436 mol) in MeOH (12 L) was added a suspension of zinc dust (938 g, 14.35 mol) in
MeOH (4 L). Acetic acid (411 ml, 7.18 mol) was added dropwise over ~30 min such that
the temperature remained below 36 °C. When the addition was complete the mixture was
stirred for 15 min. The reaction mixture was filtered through celite and the cake was
washed with EtOAc (8 L). The mixture was washed with brine (8 L) and the layers were
separated. The aqueous phase was extracted with EtOAc (8 + 6 L) then the organic
phases were combined, washed with saturated NaHCOs5 (8 L), brine (8 L), dried over
MgSO; (1 kg) and filtered. The filtrate was evaporated to give 478 g (80%) of N*-((15)-2-
{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-1-{[(phenylmethyl)oxy]methyl } ethyl)-6-

(methyloxy)-2,3-pyridinediamine as a dark red viscous oil.

(d) Ethyl N-[2-[((15)-2-{[(1.1-dimethylethyl)(dimethyD)silyl]oxy}-1-
{[(phenylmethyl)oxy]methyl}ethyl)amino]-6-(methyloxy)-3-pyridinyl]glycinate

To a solution of N*-((15)-2-{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-1-
{[(phenylmethyl)oxy]methyl} ethyl)-6-(methyloxy)-2,3-pyridinediamine (673.1 g, 1.612
mol) in DMF (10 L) was added K,CO3 (490.1 g, 3.546 mol). Ethyl bromoacetate (196.6

ml, 1.77 mol) was added to the mixture over 15 min and the reaction mixture was stirred
at room temperature. After 3 h, the reaction was quenched in H,O (10 L) then partitioned
with EtOAc (10 L). The layers were separated and the aqueous was extracted with EtOAc
(7 L). The organic phases were combined, washed with H,O (7 L) and brine (7 L), dried
over MgSOy4 (1 kg), filtered and evaporated. The resulting dark oil (853 g) was purified
by column chromatography (9 kg silica, mixtures of heptane and EtOAc as cluent) to give
ethyl N-[2-[((15)-2-{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-1-
{[(phenylmethyl)oxy]methyl} ethyl)amino]-6-(methyloxy)-3-pyridinyl]glycinate (672.0 g,
83%) as a dark oil.
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To a solution of NaH (50.5 g, 57-63% dispersion in mineral oil, 1.26 mol) in THF
(8.5 L) was added ethyl N-[2-[((1S)-2-{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-1-

{[(phenylmethyl)oxy]methyl} ethyl)amino]-6-(methyloxy)-3-pyridinyl]glycinate (577.8 g,
1.147 mol) at -5°C. When the addition was complete the mixture was warmed to room
temperature and stirred for 30 min. The reaction was quenched by the addition of
saturated aqueous NH4Cl (610 ml) and the mixture was stirred for 10 min. Na,SO4 (1 kg)
was added and the mixture was stirred for 10 min before being filtered through celite.
The filter cake was washed with EtOAc (5 L). The filtrate was evaporated and the dark
purple oil was purification by column chromatography and mixtures of heptane and
EtOAc as eluent to give 477 g (91%) of 4-((15)-2-{[(1,1-
dimethylethyl)(dimethyl)silylJoxy}-1-{[(phenylmethyl)oxy]methyl}ethyl)-6-
(methyloxy)-1,4-dihydropyrido[2,3-b]pyrazin-3(2H)-one as a viscous purple oil.

() 4-[(15)-2-{[(1.1-Dimethylethyl)(dimethyl)silylloxy}-1-(hydroxymethyl)ethyl]-6-
(methyloxy)-1.4-dihydropyrido[2.3-b]pyrazin-3(2H)-one
A mixture of 4-((15)-2-{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-1-

{[(phenylmethyl)oxy]methyl} ethyl)-6-(methyloxy)-1,4-dihydropyrido[2,3-b]pyrazin-
3(2H)-one (250.4 g, 0.547 mol), Pearlman’s catalyst (25 g) and 10% Pd/C (25 g, 50%
wet) in EtOH (5 L) was stirred at 50 °C under 5 bar of H; for 3.5 h. The reaction mixture
was filtered through celite and the filtrate was evaporated to give 4-[(15)-2-{[(1,1-
dimethylethyl)(dimethyl)silylJoxy}-1-(hydroxymethyl)ethyl]-6-(methyloxy)-1,4-
dihydropyrido[2,3-b]pyrazin-3(2H)-one (191.2 g, 95%) as a dark blue solid.

() 4-[(1.5)-2-{[(1.1-Dimethylethyl)(dimethyl)silylJoxy}-1-(hydroxymethyl)ethyl]-6-

(methyloxy)pyrido[2.3-b]pyrazin-3(4H)-one

A solution of 4-[(15)-2-{[(1,1-dimethylethyl)(dimethyl)silyl]oxy}-1-
(hydroxymethyl)ethyl]-6-(methyloxy)-1,4-dihydropyrido[2,3-b]pyrazin-3(2H)-one (494.1
g, 1.34 mol) and MnO; (584.4 g, 6.72 mol) in DCM (18 L) was stirred at room

temperature for 1h. The mixture was filtered through celite and the filtrate was
evaporated to give a purple/white solid. The crude was purified by column

chromatography and mixtures of heptane and EtOAc as eluent to give of 451.6 g (66%)
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of 4-[(15)-2-{[(1,1-dimethylethyl)(dimethyl)silyl]oxy}-1-(hydroxymethyl)ethyl]-6-
(methyloxy)pyrido[2,3-b]pyrazin-3(4H)-one.

'H-NMR (3, ppm, CDCl3): 8.15 (s, 1H), 8.03 (d, 1H), 6.74 (d, 1H), 6.00 (bs, 1H), 4.30-
4.20 (m, 4H), 4.04-3.96 (m, 1H), 4.01 (s, 3H), 0.66 (s, 9H), -0.046 (s, 3H), -0.166 (s, 3H).
[ES MS] m/z 366 (MH ).

(h) (28)-2-({[(1.1-Dimethylethyl)(dimethyDsilylJoxy} methyl)-1.2-dihydro-3 /.8 H-

2a,5.8a-triazaacenaphthylene-3.8-dione

To a solution of 4-[(15)-2-{[(1,1-dimethylethyl)(dimethyl)silylJoxy}-1-
(hydroxymethyl)ethyl]-6-(methyloxy)pyrido[2,3-b]pyrazin-3(4H)-one (1g, 2.74 mmol) in
CHCl; (50 mL) was added EtsN (0.953 mL, 6.84 mmol) followed by a solution of
methanesulfonic anhydride (0.953 g, 5.47 mmol) in CHCI; (50 mL) . The reaction

mixture was stirred at reflux temperature for 5 h. The crude of reaction was diluted with
water, washed with NaCl, dried (MgSO,), filtered, and concentrated. Purification by flash
chromatography using a 40g silica gel cartridge, and mixtures of DCM and MeOH as
eluent afforded (25)-2-({[(1,1-dimethylethyl)(dimethyl)silyl]Joxy}methyl)-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione (0.806 g, 88%) as a tan solid.

'H-NMR (8, ppm, CDCls): 7.84 (s, 1H), 7.75 (d, 1H), 6.35 (d, 1H), 5.13-5.07 (m, 1H),
4.53-4.35 (m, 3H), 3.82 (dd, 1H), 0.66 (s, 9H), 0.00 (s, 3H), -0.13 (s, 3H). [ES MS] m/z
334 (MH)).

(1) (25)-2-(Hydroxymethyl)-1.2-dihydro-3H.8 H-2a,5.8a-triazaacenaphthylene-3.8-dione
A suspension of (25)-2-({[(1,1-dimethylethyl)(dimethyl)silyl Joxy} methyl)-1,2-

dihydro-3H,8 H-2a,5,8a-triazaacenaphthylene-3,8-dione (42.6 g, 128 mmol) and Dowex

50X2-200 ion exchange resin (50 g, 128 mmol) in MeOH (1000 mL) was stirred at room

temperature for 15 h. The reaction mixture was filtered to give (25)-2-(hydroxymethyl)-
1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione (26.55 g, 121 mmol, 95%).
[ES MS] m/z 220 (MH ).

() [(25)-3.8-Dioxo-1.2-dihydro-3 H.8 H-2a,5.8a-triazaacenaphthylen-2-yl Jmethyl

benzenesulfonate
To the suspension of (25)-2-(hydroxymethyl)-1,2-dihydro-3H,8 H-2a,5,8a-
triazaacenaphthylene-3,8-dione (26.5 g, 121 mmol) in DCM (320 ml) was added
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benzenesulfonyl chloride (23.38 ml, 181 mmol) followed by EtsN (39.6 ml, 284 mmol).
The reaction mixture was heated at gentle reflux at 42 °C for 2h. Then, the reaction was
cooled to 5 °C and 2-(dimethylamino)ethanol (7.30 ml, 72.5 mmol) was added dropwise.
The crude was stirred at room temperature for 30 min and TBME (600ml) was added.
The obtained solid was filtered. The resulting solid was suspended in 100 ml 1N HCI and
washed with water and TBME, dried to give [(25)-3,8-dioxo-1,2-dihydro-3H,8H-2a,5,8a-
triazaacenaphthylen-2-yl]methyl benzenesulfonate (37.04 g, 85%) as a cream solid.
'H-NMR (3, ppm, CDCl3): 7.79-7.69 (m, 5H), 7.57-7.52 (m, 2H), 6.38 (d, 1H), 5.19-5.12
(m, 1H), 4.92 (dd, 1H), 4.47-4.38 (m, 3H). [ES MS] m/z 360 (MH").

(k) Title compound: (2R)-2-[(4-{[(5-Chloro-6-methyl-3-pyridinyl)methyl]amino}-1-
piperidinyl)methyl]-1.2-dihydro-3 H.8 H-2a.5,8a-triazaacenaphthylene-3.8-dione

hydrochloride

To a suspension of [(25)-3,8-dioxo-1,2-dihydro-3H,8H-2a,5,8a-
triazaacenaphthylen-2-yl]methyl benzenesulfonate (14.5 g, 40.3 mmol) in CH3CN (100
ml) was added at 0°C N-[(5-chloro-6-methyl-3-pyridinyl)methyl]-4-piperidinamine (for a
synthesis see Preparation 11) (11.61 g, 48.4 mmol) and N,N-diisopropylethylamine (7.03
ml, 40.3 mmol). The reaction mixture was stirred at 77°C for 6 h. The reaction was
allowed to cooled to room temperature and then to 0°C in an ice bath. The precipitated
solid was filtrated under vacuum and washed with CH3CN, to give a first filtrate. Then,
the isolated solid was washed again with H;O and TBME to give a second filtrate.

The resulting solid was collected to give a first batch of (2R)-2-[(4-{[(5-chloro-6-
methyl-3-pyridinyl)methylJamino } -1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-
triazaacenaphthylene-3,8-dione (3.5 g, 20%) as a yellow solid.

The first filtrate was concentrated under vacuum and dissolved in DCM. 2N HCI
was added until pH 1-2 and the organic phase was extracted and discarded. 10% NaHCO;
was added to the aqueous phase until pH 9, and the organic phase was extracted with
DCM, washed with NaCl, dried (MgSOy), filtered and concentrated. Purification by flash
chromatography using a 50 g silica gel cartridge, and mixtures of DCM and MeOH as
cluent afforded a second batch of (2R)-2-[(4-{[(5-chloro-6-methyl-3-
pyridinyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-
triazaacenaphthylene-3,8-dione (2.09 g, 12%).
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The second filtrate was extracted with DCM and DCM/MeOH 95/5, dried
(NaS0,), filtered and concentrated to give a third batch of (2R)-2-[(4-{[(5-chloro-6-
methyl-3-pyridinyl)methylJamino } -1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-
triazaacenaphthylene-3,8-dione free base (7.75g, 44%). Total yield of 76%.

1994

'H-NMR (3, ppm, CDClz): 8.30 (s, 1H), 7.82 (s, 1H), 7.76 (d, 1H), 7.64 (s, 1H), 6.38 (d,
1H), 5.06-4.98 (m, 1H), 4.57-4.52 (m, 1H), 4.41-4.33 (m, 1H), 3.76 (s, 2H), 3.15 (dd,
1H), 2.96-2.92 (m, 1H), 2.73-2.63 (m, 2H), 2.60 (s, 3H), 2.51-2.45 (m, 1H), 2.36-2.20 (m,
2H), 1.88-1.80 (m, 2H), 1.35-1.31 (m, 2H). [ES MS] m/z 441 (MH").

To a solution of this free base (3.5 g, 7.94 mmol) in DCM (80 ml) was added HCI
(4M solution in 1,4-dioxane, 2.0 ml, 8.0 mmol) dropwise. After stirring at room
temperature for 1 h, the solvent was evaporated under vacuum and the crude was
dispersed in hexane/DCM. The obtained solid was collected by filtration to afford (2R)-2-
[(4-{[(5-Chloro-6-methyl-3-pyridinyl)methyl]amino } -1-piperidinyl) methyl]-1,2-
dihydro-3H,8 H-2a,5,8a-triazaacenaphthylene-3,8-dione hydrochloride (3.2 g, 84%) as a
yellow solid.
'H-NMR (d, ppm, DMSO-dg): 9.07 (bs, 1H), 8.52 (s, 1H), 8.10 (s, 1H), 7.85 (d, 1H), 7.73
(s, 1H), 6.25 (d, 1H), 5.07-4.99 (s, 1H), 4.36-4.17 (s, 4H), 3.04-2.96 (m, 3H), 2.86-2.72
(m, 2H), 2.55 (s, 3H), 2.25-1.96 (m, 5H), 1.53-1.46 (m, 2H). [ES MS] m/z 441 (MH").

Example 9 Compound: Synthesis of (1R)-1-{[4-({[6-(Trifluoromethyl)-3-
pyridinyl|methyl}amino)-1-piperidinyljmethyl}-1,2-dihydro-4 H,9H-imidazo[1,2,3-
if]-1,8-naphthyridine-4,9-dione hydrochloride.

2) HCI 4M in dioxane
N ° MeOH

H
, N
o 0
0 7/ \
1) NaBH(OAc),
N N N N N N
| | CH,Cl,/MeOH |
Z N - Z SN CF,
CF N CH
NN
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A solution of (1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-
imidazo[1,2,3-i/]-1,8-naphthyridine-4,9-dione (see Example 1 step (j) above: 400 mg,
1.33 mmol) and 6-(trifluoromethyl)-3-pyridinecarbaldehyde (233 mg, 1.33 mmol, from
Apollo) in a mixture of DCM (5 ml) and MeOH (5 ml) was stirred at room temperature
for 2 hour. NaBH(OAc); (1.7g, 7.99 mmol) was then added and the mixture was stirred
at room temperature. The reaction was monitored by LCMS. More aldehyde (47 mg, 0.27
mmol), and NaHB(OAc)3 (421 mg, 1.98 mmol) were added and when full conversion

was observed, it was quenched with 10% NaHCOs and extracted with DCM. The organic
layer was dried (MgSQ,), filtered, and concentrated. Purification by flash
chromatography using a 70g silica gel cartridge, and mixtures of DCM and MeOH as
cluent afforded 463 mg (75%) of the expected product as the free base. It was dissolved
in MeOH (50 ml). HCI (4M solution in 1,4-dioxane, 0.25 ml, 1 mmol) was added
dropwise. After stirring at room temperature for 20 min, the solvent was evaporated.
(1R)-1-{[4-({[6-(Trifluoromethyl)-3-pyridinylmethyl } amino)-1-piperidinyl methyl }-1,2-
dihydro-4H,9H-imidazo[1,2,3-i7]-1,8-naphthyridine-4,9-dione hydrochloride (238 mg,
0.480 mmol, 36%) was obtained as a beige solid.

'H-NMR (3, ppm, d-DMSO): 10.21 (bs, 1H), 9.01 (s, 1H), 8.43 (d, 1H), 8.02 (d, 1H),
7.79 (dd, 2H), 6.22 (d, 2H), 5.40 (bs, 1H), 4.50-4.36 (m, 4H), 3.80-3.66 (m, 5H), 3.17 (bs,
2H), 2.17 (bs, 4H). [ES MS] m/z 460 (MH").

Example 11 Compound: Synthesis of (1R)-1-{[4-({|6-(trifluoromethyl)-3-
pyridinyl|methyl}amino)-1-piperidinyljmethyl}-1,2-dihydro-3H,8 H-2a,5,8a-

triazaacenaphthylene-3,8-dione, using Preparative Scheme (2)

(a) 6-(Methyloxy)-3-nitro-2-pyridinamine
A solution/suspension of 2-chloro-6-(methyloxy)-3-nitropyridine (65.7 g, 348
mmol) in 2M ammonia in MeOH (500 ml, 1000 mmol) and aqueous ammonia (500 ml,

348 mmol) was stirred at 65 °C for 18 h. The reaction was cooled down and the solid
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filtered off and washed with water (2 x 100 ml). The solid was dried in the vacuum oven
at 40°C overnight to afford the product as a bright yellow solid (52.14 g, 84% purity by
NMR, 74%).

[ES MS] m/z 170 (MH ).

(b) 6-(Methyloxy)-2.3-pyridinediamine

6-(Methyloxy)-3-nitro-2-pyridinamine (26 g, 129 mmol) was suspended in EtOH
(500 ml) at room temperature under argon and then treated with palladium on carbon (15
g, 14.10 mmol) (10% paste). The reaction was stirred under 1 atmosphere of hydrogen
overnight. The reaction was filtered through a Celite pad and the pad washed with EtOH
(500ml). EtOH was evaporated to afford the product as a purple oil (20.68 g, slightly
impure).

[ES MS] m/z 140 (MH").

(c) Ethyl N-[2-amino-6-(methyloxy)-3-pyridinyl]glycinate

6-(Methyloxy)-2,3-pyridinediamine (21.7 g, estimated 87% purity, 136 mmol)
was dissolved in CH3CN (500 ml) at room temperature under argon and then treated with
K,CO3 (24.38 g, 176 mmol) and ethyl bromoacetate (18.13 ml, 163 mmol). The reaction
was stirred at room temperature overnight. The CH3CN was then removed in vacuo. The
reaction was repeated using more 6-(methyloxy)-2,3-pyridinediamine (20.68 g, 87%
purity, 129 mmol), in CH3CN (500 ml), K,CO3 (23.23 g) and ethyl bromoacetate (17.27
g) and the reaction was again stirred at room temperature overnight and the CH3CN was
then removed in vacuo. The residues were partitioned between water (1 L) and EtOAc (1
L) and the layers separated. The aqueous layer was extracted once more with EtOAc (1

L) and the combined organic extracts were dried over MgSQy, filtered and evaporated to

afford a purple oil (64 g). The oil was treated with DCM (300 ml) and the insoluble
impurities filtered off. The DCM solution was loaded onto a 800 g silica column and
cluted with 0-2%MeOH/DCM to afford 40.6 g of desired product as a brown solid
(LCMS and NMR consistent with 75% desired product with 15% cyclized product 6-
(methyloxy)-1,4-dihydropyrido[2,3-b]pyrazin-3(2H)-one and 6.4 g of cyclized product 6-
(methyloxy)-1,4-dihydropyrido[2,3-b]pyrazin-3(2H)-one as a purple solid.

[ES MS] m/z 226 (MH ).
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(d) 6-(Methyloxy)-1.4-dihydropyrido[2.3-b]pyrazin-3(2H)-one

Ethyl N-[2-amino-6-(methyloxy)-3-pyridinyl]glycinate (40.6 g, 135 mmol) was
dissolved in THF (1 L) at room temperature under argon and treated with potassium tert-
butoxide (15.17 g, 135 mmol). After 2 h at room temperature saturated NH4Cl (500 ml)
was added and the THF evaporated. Water (500 ml) was added followed by 20%
MeOH/DCM (1 L); the insoluble material was filtered off, washed with Et,O and dried in
the vacuum oven at 40°C overnight to afford the desired product as a yellow solid (15.3
g): LCMS and NMR consistent with product (9% of oxidized material present by NMR).

The two phases were transferred to a separating funnel and separated. The
aqueous layer was extracted twice more with 20% MeOH/DCM (2 x 500 ml) and the
combined organic extracts were dried over MgSOy filtered and evaporated to afford a
brown solid which was washed with plenty of Et,0 to afford more of the desired product
as a pale green solid (7.7 g): LCMS and NMR consistent with product (20% of oxidized
material present by NMR).

[ES MS] m/z 180 (MH ).
Alternative procedure:

Ethyl N-[2-amino-6-(methyloxy)-3-pyridinyl]glycinate (16.2 g, 72mmol) was
dissolved in tetrahydrofuran (500ml) and cooled to 0°C (ice bath cooling) under argon.
This was then treated with potassium fert-butoxide (1M in THF, 80ml, 80mmol). After
1.5 h the reaction was treated with AcOH (80 mmol) and evaporated to give a dark solid.
This was triturated with water (200ml), filtered and dried in vacuo (~13 g, quant.), which

may be used without further purification

(e) Phenylmethyl 6-(methyloxy)-3-0x0-3.4-dihydropyrido[2.3-b]pyrazine-1(2H)-

carboxylate

To a solution of 6-(methyloxy)-1,4-dihydropyrido[2,3-b]pyrazin-3(2H)-one (6.35
g, 35.4 mmol) in EtOAc (600 ml)/ NaHCOs (sat. solution) (200 ml) stirred vigorously
was added at room temperature benzyl chloroformate (5.31 ml, 37.2 mmol). After 45
minutes the reaction was complete. The layers were separated and the organic layer was
dried overMgSOQy, filtered and evaporated to afford the desired product as an off-white
solid (11 g, 99%).
[ES MS] m/z 314 (MH").
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(f) Phenylmethyl 6-(methyloxy)-4-[(2R)-2-oxiranylmethyl]-3-0x0-3.4-dihydropyrido[2.3-
blpyrazine-1(2H)-carboxylate
Phenylmethyl 6-(methyloxy)-3-o0x0-3,4-dihydropyrido[2,3-b]pyrazine-1(2H)-

carboxylate (11 g, 35.1 mmol) was dissolved in DMF (300 ml) at room temperature
under argon to give a yellow solution. The solution was then cooled with an ice bath and
treated with sodium hydride (1.685 g, 42.1 mmol). The solution was allowed to warm to
room temperature. After 20 minutes (25)-2-oxiranylmethyl 3-nitrobenzenesulfonate (9.56
g, 36.9 mmol) was added. After 1h all the starting material was consumed so the reaction
was treated with a saturated solution of NaHCO3 (350 ml) and the aqueous layer was
extracted with DCM (3 x 400 ml). The combined organic layers were dried over MgSOy,
filtered and evaporated to afford a light brown oil (16.93 g). The product was used as
crude in the next step.

[ES MS] m/z 370 (MH ).

(g) Phenylmethyl (15)-1-(hydroxymethyl)-3.8-dioxo-1.2.3.4-tetrahydro-5H.8H-2a.5.8a-

triazaacenaphthylene-5-carboxylate

Phenylmethyl 6-(methyloxy)-4-[(2R)-2-oxiranylmethyl]-3-0x0-3,4-
dihydropyrido[2,3-b]pyrazine-1(2H)-carboxylate (crude, 15.93 g, estimated 32.8 mmol)
was dissolved in DMF (250 ml) at room temperature and heated at 130°C for 2 nights and
at 120°C for one night. The reaction was complete so DMF was evaporated and the
residue treated with water/brine(350/50ml) and DCM (500 ml).The layers were separated
and the aqueous layer was extracted once more with DCM (500 ml). The combined
organic extracts were dried over MgSOy, filtered and evaporated to afford a brown oil
which was dried under high vacuum over the weekend. The crude product was purified
by silica chromatography using a 0-10% MeOH/DCM gradient to afford the desired
product as a golden foam (3.6 g, 30.9%)).

[ES MS] m/z 356 (MH ).

(h) (1.5)-1-(Hydroxymethyl)-1,2-dihydro-3H,8H-2a,5.8a-triazaacenaphthylene-3.8-dione
Phenylmethyl (15)-1-(hydroxymethyl)-3,8-dioxo-1,2,3,4-tetrahydro-5H,8 H-

2a,5,8a-triazaacenaphthylene-5-carboxylate (1.6 g, 4.50 mmol) was dissolved in ethanol
(100 ml) at room temperature and then treated with palladium on carbon (10% paste) (1

g, 0.940 mmol). Everything was stirred at room temperature under 1 atmosphere of
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DMF evaporated to afford a brown solid (780 mg). The solid was then suspended in 30%
MeOH/DCM (150 ml) and stirred with manganese dioxide (1.174 g, 13.51 mmol) at
room temperature for Sh and then filtered through a pad of Celite which was washed with
20% MeOH/DCM (100 ml).The solvents were evaporated to afford the desired
compound as a brown solid (750 mg, 76%).

[ES MS] m/z 220 (MH ).

(1) [(15)-3.8-Dioxo-1.2-dihydro-3 H.8 H-2a,5.8a-triazaacenaphthylen-1-yl Jmethyl

methanesulfonate

(15)-1-(Hydroxymethyl)-1,2-dihydro-3H,8 H-2a,5,8a-triazaacenaphthylene-3,8-

dione (750 mg, 3.42 mmol) was suspended in dry DCM (100 ml) at room temperature
under argon and then treated with EtsN (0.572 ml, 4.11 mmol). The mixture was then
cooled using an ice-water bath. Methanesulfonyl chloride (0.293 ml, 3.76 mmol) was
then added and the reaction was allowed to warm up to room temperature. After 50
minutes there was no starting material left so the mixture was washed with saturated
NaHCOs; (100 ml). The aqueous layer was extracted with 20%MeOH/DCM (2 x 100 ml);
the combined organic extracts were dried over MgSOy, filtered and evaporated to afford
the product as a brown foam (1.05 g, 90% purity by LCMS).

[ES MS] m/z 297.9 (MH").

() 1.1-Dimethylethyl (1-{[(1R)-3.8-dioxo0-1,2-dihydro-3H.8H-2a,5.8a-

triazaacenaphthylen-1-yllmethyl}-4-piperidinyl)carbamate
A solution of [(15)-3,8-dioxo-1,2-dihydro-3H,8 H-2a,5,8a-triazaacenaphthylen-1-
yl]methyl methanesulfonate (1.05 g, 3.53 mmol) in dry CH3CN (50 ml) at room

temperature under argon was treated with pyridine (0.343 ml, 4.24 mmol), followed by
1,1-dimethylethyl 4-piperidinylcarbamate (0.884 g, 4.24 mmol). The mixture was heated
at 70°C for 1.5 h and then at 90°C for 3 h. LCMS showed ~25% of product. So 0.5 eq of
pyridine and 0.5 eq of 1,1-dimethylethyl 4-piperidinylcarbamate were added and the
reaction was heated at 90°C overnight and then stirred at room temperature for 2 days.
The reaction was complete. The solvent was evaporated and the residue partitioned

between sat NaHCO; and 20% MeOH/DCM (100ml/100ml). The layers were separated
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combined organic extracts were dried over MgSOy, filtered and evaporated to afford 1.7 g
of crude which was purified by silica chromatography using a 0-5% MecOH/DCM
gradient to afford the product as a yellow solid (0.57 g, 40.2%).

[ES MS] m/z 402 (MH ).

(k) (AR)-1-[(4-Amino-1-piperidinyl)methyl]-1.2-dihydro-3H.8H-2a,5.8a-

triazaacenaphthylene-3.8-dione

A solution of 1,1-dimethylethyl (1-{[(1R)-3,8-dioxo-1,2-dihydro-3H,8 H-24a,5,84a-

triazaacenaphthylen-1-yl]methyl } -4-piperidinyl)carbamate (0.57 g, 1.420 mmol) in
chloroform (7 ml) at room temperature was treated with 4M HCl in 1,4-dioxane (7 ml). A
solid precipitated out and the mixture was stirred at room temperature. After 0.5 h some
MeOH was added to dissolve most of the solid, followed by toluene and all the solvents
were removed to afford the product as a yellow solid.

The crude dihydrochloride was dissolved in MeOH (4 ml) plus water (1 ml) and
applied to an SCX column (10 g) (preconditioned with 2 column volumes of MeOH). The
column was then eluted, under gravity, using (i) MeOH (2 x 50 ml), (ii) 0.5M ammonia
in MeOH (3 x 50 ml fractions). Appropriate fractions were combined and evaporated
under reduced pressure to give 385 mg (90%) of the title compound.

[ES MS] m/z 302 (MH ).

(1) Title compound: (1R)-1-{[4-({[6-(Trifluoromethyl)-3-pyridinylJmethyl }amino)-1-
piperidinylJmethyl }-1,2-dihydro-3H.8H-2a,5.8a-triazaacenaphthylene-3.8-dione
A solution of (1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-

2a,5,8a-triazaacenaphthylene-3,8-dione (10.7 mg, 0.036 mmol) and 6-(trifluoromethyl)-
3-pyridinecarbaldehyde (6.22 mg, 0.036 mmol) in a mixture of DCM (0.5 ml) and MecOH
(0.5 ml) was stirred at room temperature overnight. NaBH(OAc)z (22.58 mg, 0.107
mmol) was then added. The resulting mixture was stirred at room temperature and more
NaBH(OACc); was added in several portions until starting material was not detected by
LCMS. The reaction was quenched with 10% NaHCOs3 and extracted with DCM. The
organic layer was dried (MgSQy,), filtered, and concentrated.

The crude of reaction was purified by flash chromatography using manual

Flashmaster 11, a 500 mg silica gel cartridge, and mixtures of DCM and MeOH as cluent.
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The obtained solid was triturated with hexane and filtered under vacuum to give 4 mg
(8.69 umol, 24.47 %) of (1R)-1-{[4-({[6-(trifluoromethyl)-3-pyridinyl|methyl } amino)-1-
piperidinylJmethyl}-1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione as a
brown solid.

'H-NMR (3, ppm, CDCls): 8.67 (s, 1H), 7.93-7.84 (m, 2H), 7.77 (d, 1H), 7.66 (d, 1H),
6.35 (d, 1H), 5.09-4.96 (m, 1H), 4.60 (dd, 1H), 4.41 (dd, 1H), 3.90 (s, 2H), 3.13 (dd, 1H),
2.99-2.86 (m, 1H), 2.73 (dd, 1H), 2.69-2.58 (m, 1H), 2.56-2.43 (m, 1H), 2.39-2.19 (m,
2H), 1.93-1.76 (m, 2H), 1.42-1.20 (m, 2H). [ES MS] m/z 461 (MH").

Example 12 Compound: Synthesis of (1R)-1-[(4-{[(5-bromo-6-methyl-3-

pyridinyl)methyl]amino}-1-piperidinyl)methyl]|-1,2-dihydro-4H,9H-imidazo|[1,2,3-
if]-1,8-naphthyridine-4,9-dione hydrochloride, using Preparative Scheme (3)

Br

CIH

A solution of (1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-
imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione (for a synthesis see Example 1(j)) (66.1
mg, 0.220 mmol) and 5-bromo-6-methyl-3-pyridinecarbaldehyde (for a synthesis see
Preparation 7 below) (44 mg, 0.172 mmol) in a mixture of DCM (2.0 ml) and MeOH
(0.1 ml) was stirred at room temperature overnight. NaBH(OAc)z (140 mg, 0.661 mmol)
was then added and the mixture stirred at room temperature. The reaction was monitored
by LCMS and when full conversion was observed, it was quenched with 10% NaHCO;
and extracted with DCM. The organic layer was dried (MgSQ,), filtered, and
concentrated.

Purification by flash chromatography using Flashmaster 11, a 2 g silica gel
cartridge, and mixtures of hexane and EtOAc and then DCM and MeOH as eluent
afforded 69.5 mg (0.14 mmol, 83%) of the expected product as the free base. It was
dissolved in MeOH (3 ml). HCI (3M solution in MeOH, 38 ul, 0.114 mmol) was added

dropwise. After stirring at room temperature for 20 min, the solvent was evaporated.

h
h
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0.09 mmol, 80%) was obtained as a pale yellow solid.
'H-NMR (3, ppm, DMSO-de): 8.40 (s, 1H), 8.01 (s, 1H), 7.72 (d, 2H), 6.12 (t, 2H), 5.01-
4.89 (m, 1H), 4.35-4.19 (m, 2H), 3.80 (bs, 2H), 2.89 (bd, 2H), 2.76 (bt, 1H), 2.54 (s, 3H),
2.52-2.41 (m, 2H), 2.21-1.98 (m, 2H), 1.78 (bt, 2H), 1.35-1.09 (m, 2H). [ES MS] m/z 484

(MH").

Example 17 Compound: Synthesis of 2-{[4-({|6-(trifluoromethyl)-3-
pyridazinyljmethyl}amino)-1-piperidinyl|methyl}-1,2-dihydro-3H,8H-2a,5,8a-

triazaacenaphthylene-3,8-dione, using Preparative Scheme (1)

A mixture of 2-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-
triazaacenaphthylene-3,8-dione (for a synthesis see Example 2(j)) (56.3 mg, 0.187
mmol), K,CO; (34.4 mg, 0.249 mmol) and 3-(bromomethyl)-6-
(trifluoromethyl)pyridazine (for a synthesis see Preparation 1 below) (30 mg, 0.124
mmol) in CH3CN (1 ml) and MeOH (0.1 ml) was stirred at room temperature overnight.
LCMS showed amine derivative remaining. An excess of 3-(bromomethyl)-6-
(trifluoromethyl)pyridazine (25 mg) was added. The mixture was stirred at room
temperature for 1 h. The solid was filtered off and the solvent evaporated. Purification by
flash chromatography using Flashmaster Il and mixtures of DCM and MeOH as cluent
afforded 2-{[4-({[6-(trifluoromethyl)-3-pyridazinylmethyl } amino)-1-
piperidinyllmethyl}-1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione (17 mg,
30%).

'H-NMR (3, ppm, CDCls): 7.84-7.75 (m, 4H), 6.39 (d, 1H), 5.08-4.99 (m, 1H), 4.56 (dd,
1H), 4.39 (dd, 1H), 4.24 (s, 2H), 3.16 (dd, 1H), 2.97-2.91 (m, 1H), 2.74-2.65 (m, 2H),
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2.61-2.51 (m, 1H), 2.39-2.22 (m, 2H), 1.93-1.82 (m, 2H), 1.43-1.33 (m, 2H). [ES MS]
m/z 462 (MH").

Example 51 Compound: Synthesis of (2R)-2-[(4-{[(5-bromo-6-methyl-3-
pyridinyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-

triazaacenaphthylene-3,8-dione hydrochloride, using Preparative Scheme (1)
Br

A solution of (2R)-2-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-2a,5,8a-
triazaacenaphthylene-3,8-dione (for a synthesis see Example 2(j)) (187 mg, 0.622 mmol)
and 5-bromo-6-methyl-3-pyridinecarbaldehyde (for a synthesis see Preparation 7 below)
(97 mg, 0.485 mmol) in a mixture of DCM (10 ml) and MeOH (0.1 ml) was stirred at
room temperature overnight. NaBH(OAc); (396 mg, 1.867 mmol) was then added and the
mixture stirred at room temperature. The reaction was monitored by LCMS and when full
conversion was observed, it was quenched with 10% NaHCOs3 and extracted with DCM.
The organic layer was dried (MgSQy), filtered, and concentrated.

Purification by flash chromatography using Flashmaster I, a 5g silica gel
cartridge, and mixtures of DCM and MeOH as cluent afforded 140 mg (0.288 mmol,
60%) of the expected product as the free base. It was dissolved in MeOH (10 ml). HCI
(3M solution in MeOH, 0,071 ml, 0,213 mmol) was added dropwise. After stirring at
room temperature for 20 min, the solvent was evaporated. (2R)-2-[(4-{[(5-bromo-6-
methyl-3-pyridinyl)methylJamino } -1-piperidinyl)methyl]-1,2-dihydro-3H,8 H-2a,5,8a-
triazaacenaphthylene-3,8-dione hydrochloride (95 mg, 0,173 mmol, 81%) was obtained
as a pale yellow solid.

'H-NMR (3, ppm, CD;0D): 8.41 (s, 1H), 8.07 (s, 1H), 7.88 (d, 1H), 7.78 (s, 1H), 6.37
(d, 1H), 5.16-5.10 (m, 1H), 4.45-4.42 (m, 2H), 3.93 (s, 2H), 3.13-3.07 (m, 2H), 2.86 (dd,
1H), 2.78-2.73 (m, 2H), 2.63 (s, 3H), 2.36-2.21 (m, 2H), 2.01-1.91 (m, 2H), 1.47-1.38 (m,
2H). [ES MS] m/z 485 (MH").
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Example 59 Compound: Synthesis of (1R)-1-{[4-({|6-(trifluoromethyl)-3-
pyridinyl|methyl}amino)-1-piperidinyljmethyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-
if]-1,8-naphthyridine-4,9-dione hydrochloride, using Preparative Scheme (3)

N
0
ol
N N N=
XX CH

A solution of (1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-
imidazo[1,2,3-i/]-1,8-naphthyridine-4,9-dione (for a synthesis see Example 1(j)) (400 mg,
1.33 mmol) and 6-(trifluoromethyl)-3-pyridinecarbaldehyde (233 mg, 1.33 mmol) in a
mixture of DCM (5 ml) and MeOH (5 ml) was stirred at room temperature for 2 h.
NaBH(OAc); (1.7g, 7.99 mmol) was then added and the mixture was stirred at room
temperature. The reaction was monitored by LCMS. More aldehyde (47 mg, 0.27 mmol),
and NaBH(OAc)s (421 mg, 1.98 mmol) were added and when full conversion was
observed, it was quenched with 10% NaHCO; and extracted with DCM. The organic
layer was dried (MgSQ,), filtered, and concentrated. Purification by flash
chromatography using a 70g silica gel cartridge, and mixtures of DCM and MeOH as
cluent afforded 463 mg (75%) of the expected product as the free base. It was dissolved
in MeOH (50 ml). HCI (4M solution in 1,4-dioxane, 0.25 ml, 1 mmol) was added
dropwise. After stirring at room temperature for 20 min, the solvent was evaporated.
(1R)-1-{[4-({[6-(Trifluoromethyl)-3-pyridinylmethyl } amino)-1-piperidinyl jmethyl }-1,2-
dihydro-4H,9H-imidazo[1,2,3-i7]-1,8-naphthyridine-4,9-dione hydrochloride (238 mg,
0.480 mmol, 36%) was obtained as a beige solid.

'H-NMR (3, ppm, DMSO-dg): 10.21 (bs, 1H), 9.01 (s, 1H), 8.43 (d, 1H), 8.02 (d, 1H),
7.79 (dd, 2H), 6.22 (d, 2H), 5.40 (bs, 1H), 4.50-4.36 (m, 4H), 3.80-3.66 (m, 5SH), 3.17 (bs,
2H), 2.17 (bs, 4H). [ES MS] m/z 460 (MH").

Example 60 Compound: Synthesis of (1R)-1-{[4-({|S-methyl-6-(trifluoromethyl) -3-
pyridinyllmethyl} amino)-1-piperidinyl] methyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-
ij|-1,8-naphthyridine-4,9-dione
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magnesium sulphate (anhydrous) (58.9 mg, 0.489 mmol) in DCM (7 ml) was stirred
overnight at RT. LCMS on the crude product showed imine and not starting material was
present. Rt of the desired compound was 2.59 [M+H]+ 472.2. Then sodium
triacetoxyborohydride (124 mg, 0.587 mmol) was added and the mixture was stirred for 3
hours. LCMS showed imine so 1 eq. sodium triacetoxyborohydride (41.5 mg, 0.196
mmol) was added. Saturated aqueous sodium bicarbonate solution was added to the
organic phase until pH9 was achieved. The organic phase was extracted with DCM and
isolated, dried over anhydrous sodium sulphate, filtered and concentrated under reduced
pressure. The residue was purified by Flash-Master chromatography on a 2g silica gel
cartridge using DCM/MeOH 5 % to obtain three batches (9.3 mg). HNMR was
consistent with the desired compound, and LCMS was consistent with the desired

compound [M+H]+ 474, Rt =1.81 purity 95%.

Example 71 Compound: Synthesis of (2-chloro-4-{[(1-{[(1R)-4,9-diox0-1,2-dihydro-
4H,9H-imidazo[1,2,3-ij|-1,8-naphthyridin-1-yljmethyl}-4-piperidinyl) amino]
methyl}phenyl) methyl acetate (last step).

This example illustrates the use of a compound of Formula (IIB) in which W is a
bromomethyl moiety.

(1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-imidazo[ 1,2,3-ij]-
1,8-naphthyridine-4,9-dione (Example 1 step 1(j): 34 mg, 0.113 mmol) was dissolved in
Acetonitrile (5 mL) and [4-(bromomethyl)-2-chlorophenylJmethyl acetate (34.6 mg,
0.125 mmol), potassium carbonate (31.3 mg, 0.226 mmol) and sodium iodide (0.848 mg,
5.66 umol) was added leaving the reaction at room temperature overnight. Next morning
LCMS showed completion and solvent was removed under vacuum. Resulting crude was
dissolved in DCM and washed several times with water. Organic layers were dried over
sodium sulphate, filtered and volatiles removed under vacuum. Purification was carried
out by flash master II, Si Il 2g, DCM-MeOH (0-20%) to obtain 10 mg of the final

compound as a yellow solid.
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Example 75 Compound: Synthesis of (2R)-2-{[4-({|S-methyl-6-(trifluoromethyl)-3-
pyridinyl|methyl}amino)-1-piperidinyljmethyl}-1,2-dihydro-3H,8H-2a,5,8a-

triazaacenaphthylene-3,8-dione hydrochloride.

To a solution of (2R)-2-{[4-({[5-methyl-6-(trifluoromethyl)-3-pyridinyl Jmethyl } amino)-
I-piperidinylJmethyl } -1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione
(Example 60 compound: 80 mg, 0.169 mmol) in DCM (2 mL) at 0 °C, HCI (4M in 1,4-
dioxane) (0.042 mL, 0.169 mmol) was added. The reaction mixture was stirred at room
temperature for 40 min. Then the solvent was evaporated under vacuum and the crude
was dispersed in hexane/DCM. The precipitated solid was isolated by filtration under
vacuum and washed with DCM and hexane to obtain 42 mg of beige solid. HNMR were
consistent with the desired product. LCMS was consistent with the desired product
[M+H]+ 475, Rt = 2.58 purity 95%.

In Table 1 the source of the compound of Formula IIB used in the preparation of
the Example compounds is indicated. Where these are not known compounds their
preparation is described below. The other Example compounds listed above were
prepared using an analogous procedure with minor modifications and were isolated either
as the parent compound or as the hydrochloride.

Preparation of various compounds of Formula IIB used in the preparation of the

listed Examples is set out below.

Preparation 1. 3-(Bromomethyl)-6-(trifluoromethyl)pyridazine (Used to prepare
Examples 17 and 18)

Cl
N (a) ! AN
| — |
- £
N N\N/
l (b)
CF, N © CF, N
| - |
N = Br N =
N N

title compound
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extracted with DCM, dried over MgSQ,, filtered, concentrated, and purified by
chromatography on silica gel using EtOAc/hexane as eluent to give 171.7 mg (20%) of
the title compound as a white solid almost pure by HPLC. The yellow precipitate was
basified using the same aqueous phase, extracted with DCM, dried over MgSQy, filtered
and concentrated, to give 579.1 mg (68%) of the pure title compound as a white solid.
'H-NMR (3, ppm, CDCls): 7.74 (1H, d), 7.02 (1H, d), 2.66 (3H, s). [ES MS] m/z 221
(MH").

(b) 3-Methyl-6-(trifluoromethyl)pyridazine

A mixture of Cul (263 mg) and KF (80 mg) was heated under vacuum for 30
minutes until a greenish colour was observed. The system was filled with N, and a
solution of 3-iodo-6-methylpyridazine (300 mg) in DMF (1.25 ml) and N-
methylpirrolidinone (1.25 ml) followed by trimethyl(trifluoromethyl)silane (185 ul) were
subsequently added. A dark brown colour was observed. After stirring at room
temperature for 5 days, the reaction was not complete. Cul (263 mg), KF (80 mg), and
CFsTMS (185 pul) were added and stirring was continued overnight. Additional Cul (135
mg), KF (40 mg), and CF3TMS (90 ul) were added and after one more day at room
temperature, almost no starting material was observed. Aqueous ammonia and TBME
were added and the phases were separated. The aqueous one was washed with TBME.
The organic extracts were combined and subsequently washed with aqueous ammonia,
IM HCI, saturated NaHCO3, and brine, dried over Na,;SQy, filtered and concentrated to
give 70 mg (35%) of the title compound.

'H-NMR (3, ppm, CDCls): 7.72 (1H, d), 7.53 (1H, d), 2.85 (3H, s). [ES MS] m/z 163
(MH").

(c) Title compound: 3-(Bromomethyl)-6-(trifluoromethyl)pyridazine

A mixture of 3-methyl-6-(trifluoromethyl)pyridazine (70 mg), N-
bromosuccinimide (84 mg), azobisisobutyronitrile (14.1 mg), and CCly (3 ml) was heated

under reflux for 2 days. The solvent was evaporated to dryness under vacuum. The
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BP-SUP, 20-40um) using a mixture of EtOAc/hexane as eluent to give 14 mg (14%) of
the title compound along with 15.3 mg (11%) of the dibrominated derivative.
'H-NMR (3, ppm, CDCls): 7.90 (1H, d), 7.86 (1H, d), 4.83 (2H, s). [ES MS] m/z 241 and

243 (MH).
Preparation 2. 5,6-Dichloro-3-pyridinecarbaldehyde (Used to prepare Example 15)
O
Cl N H
=
Cl N

To a solution of (5,6-dichloro-3-pyridinyl )methanol (200 mg) in DCM, molecular sieves
(3A) (55 mg) and 4-methy-morpholine-N-oxide (198 mg) was added and stirred at room
temperature for 10 minutes. Then tetra-n-propylammonium perruthenate (VII) (38 mg)
was added and stirred overnight. The reaction mixture was filtered and the solvent was
evaporated to dryness under vacuum. The residue obtained was purified by
chromatography column on silica gel using a mixture of EtOAc/hexane as eluent to give

44 mg (22%) of the title compound.

'H-NMR (8, ppm, CDCL): 10.09 (s, 1H), 8.77 (s, 1H), 8.25 (s, 1H).

Preparation 3. S-Formyl-3-methyl-2-pyridinecarbonitrile (Used to prepare Example
32)

N Cl
N
| —
0 / @
@)
N CN
\HLI
-
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| N
o S
J (b)
Ne__CN
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o S

titte compound
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To a solution of methyl 6-chloro-5-methyl-3-pyridinecarboxylate (84 mg, 0.453
mmol) in DCM (2 ml), DIBAL-H (1.5 M solution in toluene, 0.905 ml, 1.358 mmol) was

added dropwise under N, at -78°C. The reaction mixture was allowed to attain rt and
stirred overnight. After 18 h, TLC showed no starting material.

The reaction was quenched by addition of sodium-potassium tartrate saturated solution,
extracted with DCM, dried, filtered, and concentrated to afford (6-chloro-5-methyl-3-
pyridinyl)methanol (63 mg, 0.400 mmol, 88 % yield) pure enough to be used in the next
step.

'H-NMR (8 ppm, CDCls): 8.17 (s, 1H), 7.60 (s, 1H), 4.69 (s, 2H), 2.37 (s, 3H).

(b) 5-(Hydroxymethyl)-3-methyl-2-pyridinecarbonitrile
CuCN (54.3 mg, 0.607 mmol) was added to a solution of (6-chloro-5-methyl-3-

pyridinyl) methanol (47.8 mg, 0.303 mmol) in anhydrous DMF (2 ml) and the mixture
was stirred under microwave irradiation at 250 °C for 35 min. Full conversion was
observed by HPLC. TBME and 28% NHs were added. Extraction, drying (MgS0O,),
filtration, and removal of the solvent afforded 5-(hydroxymethyl)-3-methyl-2-
pyridinecarbonitrile (28.2 mg, 0.190 mmol, 62.8 % yield) pure enough to be used in the
next step.

'H-NMR (8, ppm, CDCL): 8.50 (s, 1H), 7.72 (s, 1H), 4.81 (s, 2H), 2.57 (s, 3H).

(c) Title compound: 5-Formyl-3-methyl-2-pyridinecarbonitrile
MnO; (165 mg, 1.903 mmol) was added to a solution of 5-(hydroxymethyl)-3-

methyl-2-pyridinecarbonitrile (28.2 mg, 0.190 mmol) in DCM (2 ml) at rt and the
mixture was stirred at that temperature overnight. LCMS showed the starting material
was gone. The solids were filtered off and the solvent evaporated. 5-Formyl-3-methyl-2-
pyridinecarbonitrile (20.2 mg) was obtained impure. It was used in the next step without

prior purification.

'"H-NMR (8 ppm, CDCls): 10.18 (s, 1H), 8.99 (s, 1H), 8.14 (s, 1H), 2.68 (s, 3H).
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O
Cl Cl
X o X o N
| Z (a) | Vz (b) —
Cl N NC N NC N

title compound
(a) 3-Chloro-5-(hydroxymethyl)-2-pyridinecarbonitrile
Zn(CN); (64.3 mg, 0.548 mmol) and Pd(PPhs)4 (84 mg, 0.073 mmol) were added

to a solution of 5,6-dichloro-3-pyridinemethanol (130 mg, 0.730 mmol) in anhydrous
DMEF (1.5 ml) under N; and the mixture was heated at 95 °C overnight. Low conversion
was observed by HPLC. After heating under reflux for 2 h, the conversion did not
increase, so additional Pd(PPhs)s (84 mg, 0.073 mmol) was added. Two more h under
reflux gave full conversion. TBME, and 10% Na,CO3 were added. Extraction, drying
(MgS0,), filtration, and removal of the solvent afforded the crude product. Purification
by flash chromatography using Flashmaster 11, a 5 g spherical silica gel cartridge, and
mixtures of hexane and EtOAc as an cluent afforded 3-chloro-5-(hydroxymethyl)-2-
pyridinecarbonitrile (34.6 mg, 0.205 mmol, 28 % yield) as a pale yellow solid.
IH-NMR (3, ppm, CDCls): 8.57 (s, 1H), 7.94 (s, 1H), 4.87 (s, 2H). [ES MS] m/z 169
(MH").

(b) Title compound: 3-Chloro-5-Formyl-2-pyridinecarbonitrile

CrO, (Magtrieve) (335 mg, 3.99 mmol) was added to a solution of 3-chloro-5-
(hydroxymethyl)-2-pyridinecarbonitrile (33.6 mg, 0.199 mmol) in DCM (2.5 ml) and the
mixture was stirred at 40 °C. TLC (5% MeOH in DCM) after 3 h showed some starting
material. It was heated at 40 °C overnight and full conversion was observed by TLC. The
solids were filtered off and the solvent evaporated, yielding 3-chloro-5-formyl-2-
pyridinecarbonitrile (19.7 mg, 0.118 mmol, 59 % yield) as a white solid.

'H-NMR (3, ppm, CDCls): 10.19 (s, 1H), 9.06 (s, 1H), 8.32 (s, 1H).
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(a) (2.6-Dichloro-5-fluoro-3-pyridinyl)methanol

To a solution of methyl 2,6-dichloro-5-fluoro-3-pyridinecarboxylate (3 g, 13.39
mmol) in DCM (12 ml) at 0°C under N, was added dropwise DIBAL-H (1.5 M solution
in toluene, 19.20 ml, 28.8 mmol). The reaction mixture was stirred at 0 °C for 20 h. TLC
(DCM) showed starting material remaining. Then, more DIBAL-H (1.5 M solution in
toluene, 10 ml) was added. The reaction was stirred at 0 °C for 20 h. The reaction mixture
was diluted with MeOH and concentrated under reduced pressure. The residue was
treated with 1N HCI solution and extracted 3 times with EtOAc. The combined organic
phases were washed with sat. NaCl, dried over Na,SO4 and concentrated to give 1.5 g (53
%) of the title compound.

'H-NMR (8, ppm, CDCL): 7.77 (d, 1H), 4.77 (bs, 2H).

(b) (6-Chloro-5-fluoro-3-pyridinyl)methanol

To a solution of (2,6-dichloro-5-fluoro-3-pyridinyl)methanol (4.4 g, 22.45 mmol)
in 1,4-dioxane (20 ml) was added EtsN (3.42 ml, 24.69 mmol), formic acid (0.947 ml,
24.69 mmol) and Pd(PPh3)4 (1.297 g, 1.122 mmol). The mixture was then heated at 110
°C for 6 h in a pressure tube. The crude was diluted with H,O and extracted twice with
EtOAc. The combined organic phases were washed with H,O and sat. NaCl, dried over
Na,S0,4 and concentrated under reduced pressure. The crude was purified by flash

chromatography using Flashmaster 11, a 70 g spherical silica gel cartridge and
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'H-NMR (3, ppm, CDCl3): 8.18 (d, 1H), 7.70 (dd, 1H), 4.78 (bs, 2H), 1.93 (bs, 1H). [ES
MS] m/z 162 (MH").

(¢) (5-Fluoro-6-methyl-3-pyridinyl)methanol

To a solution of (6-chloro-5-fluoro-3-pyridinyl)methanol (1.3 g, 8.05 mmol) in
1,4-dioxane (10 ml) was added K,CO3 (3.34 g, 24.14 mmol), trimethylboroxin (1.125 ml,
8.05 mmol) and Pd(PPhs)4 (0.465 g, 0.402 mmol). The mixture was then heated at 110
°C for 20 h in a pressure tube. The resulting mixture was quenched with H,O, extracted
with EtOAc, dried over MgSO, and concentrated under vacuum. The residue was
purified by flash chromatography using Flashmaster II, a 25 g spherical silica gel
cartridge and DCM/MeOH 98:2 as eluent to give 560 mg of the title compound along
with Ph3PO. This was washed again with water and extracted with EtOAc to remove
Ph3;PO. The organic layer was dried over MgSQy, filtered and concentrated under vacuum
to give 468 mg (39 %) of the title compound pure enough to be used in the next step.
'H-NMR (3, ppm, CDCls): 8.27 (d, 1H), 7.55 (dd, 1H), 4.74 (bs, 2H), 2.49 (s, 3H). [ES
MS] m/z 142 (MH").

(d) Title compound: 5-Fluoro-6-methyl-3-pyridinecarbaldehyde

To a solution of (5-fluoro-6-methyl-3-pyridinyl)methanol (468 mg, 3.32 mmol)
in DCM (4 ml) was added CrO, (Magtrieve) (4.2 g, 49.7 mmol). The mixture was stirred
at 35 °C for 4 h. TLC (5% MecOH in DCM) showed starting material remaining. An
excess of CrO, (Magtrieve) (2.8 g, 33.3 mmol) was added. The mixture was stirred at 35
°C for 48 h. The solids were filtered off and the solvent evaporated to afford 144 mg (28
%) of the title compound.

'H-NMR (3, ppm, CDCls): 10.32 (s, 1H), 8.57 (d, 1H), 7.81 (dd, 1H), 2.87 (s, 3H). [ES
MS] m/z 140 (MH").
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Preparation 6. 6-Ethyl-5-fluoro-3-pyridinecarbaldehyde (used to prepare Example

54)
- o)
| N O F A o) F N
c”” N @ N (b) =

titte compound
(a) (6-Ethyl-5-fluoro-3-pyridinyl)methanol

To a solution of (6-chloro-5-fluoro-3-pyridinyl)methanol (300 mg, 1.857 mmol)
(see Preparation 5(b) above), K,CO;3 (770 mg, 5.57 mmol), and [1,1'-
Bis(diphenylphosphino) ferrocene]dichloro-palladium(II) (136 mg, 0.186 mmol) in THF
(6 ml), was added diethylzinc (3.71 ml, 3.71 mmol). The mixture was stirred under reflux
for 6 h in a pressure tube. The resulting mixture was quenched with saturated NH4Cl
solution and extracted with EtOAc. The combined organic layers were washed with
brine, dried over MgSQ4, and concentrated under reduced pressure. The residue was
purified by flash chromatography using Flashmaster II, a 10 g spherical silica gel
cartridge BP-SUP 20-40p, and DCM/MeOH 98:2 mixture as eluent to give 116 mg of
desired compound as a yellow solid.
'H-NMR (3, ppm, CDCls): 8.30 (s, 1H), 7.54 (d, 1H), 4.77 (s, 2H), 2.76 (q, 2H), 2.12 (bs,
1H), 1.28 (t, 3H). [ES MS] m/z 156 (MH").

(b) Title compound: 6-Ethyl-5-fluoro-3-pyridinecarbaldehyde

CrO, (Magtrieve) (796 mg, 9.48 mmol) was added to a solution of (6-cthyl-5-
fluoro-3-pyridinyl )methanol (98 mg, 0.632 mmol) in DCM (5 ml) and the mixture was
stirred at 40 °C for 6 h. TLC (10% DCM/MeOH) showed starting material remaining. An
excess of CrO, (Magtrieve) (530 mg, 6.32 mmol) was added. After stirring for 12 h, TLC
showed the reaction had been completed. The resulting suspension was filtered and
washed with DCM. The filtrate was concentrated under reduced pressure to give 57.4 mg
of the title compound as a colourless oil.

'H-NMR (3, ppm, CDCls): 10.35 (s, 1H), 8.60 (d, 1H), 7.82 (dd, 1H), 3.21 (q, 2H), 1.35
(t, 3H). [ES MS] m/z 154 (MH").
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Preparatlon 7. 5-Brom0-6-methyl-3-pyridinecarbaldell;yde (used to [irepare(
Examples 12, 51 and 55)
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title compound

(a) Methyl 5-bromo-6-iodo-3-pyridinecarboxylate

To a mixture of methyl 5-bromo-6-chloro-3-pyridinecarboxylate (1 g, 3.99 mmol)
in propionitrile (30 ml) was added iodotrimethylsilane (0.689 ml, 3.99 mmol) and then
sodium iodide (1.795 g, 11.98 mmol). The mixture was stirred at room temperature for 30
min. Solvent was evaporated and the obtained solid was dissolved in H,O. pH was
adjusted to basic with 2M NaOH and DCM was added. The organic phase was extracted,
dried over Na,SOy, filtered and concentrated to give 1.2 g (79%) of desired compound as
a yellow solid.

'"H-NMR(8, ppm, CDCL): 8.84 (s, 1H), 8.35 (s, 1H), 3.96 (s, 3H).

(b) Methyl 5-bromo-6-methyl-3-pyridinecarboxylate
Method A

To a mixture of methyl 5-bromo-6-iodo-3-pyridinecarboxylate (232 mg, 0.679
mmol), tetrakis(triphenylphosphine)palladium (0) (39.2 mg, 0.034 mmol), and K,COs
(281 mg, 2.036 mmol) in dioxane (5 ml), trimethylboroxin (0.095 ml, 0.679 mmol) was
added under N,. The reaction mixture was heated at 110°C and more
tetrakis(triphenylphosphine)palladium (0) was added in several portions until starting
material was not detected by HPLC. The reaction mixture was diluted with water and
extracted three times with EtOAc. The combined organic phases were washed with brine,
dried over anhydrous Na,SO, and concentrated under reduced pressure. The crude of

reaction was purified by flash chromatography using Flashmaster 11, a 5g silica gel
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cartridge, and mixtures of hexane and EtOAc to afford the title compound (75 mg, 48%) as
a yellow solid.
'H-NMR(8, ppm, CDCls): 9.01 (s, 1H), 8.41 (s, 1H), 3.95 (s, 3H), 2.74 (s, 3H). [ES MS]
m/z 230 (MH").
Method B

To a mixture of methyl 5-bromo-6-chloro-3-pyridinecarboxylate (400 mg, 1.597
mmol), tetrakis(triphenylphosphine)palladium (0) (185 mg, 0.160 mmol), and K,COs
(331 mg, 2.395 mmol) in dioxane (5 ml), trimethylboroxin (0.446 ml, 3.19 mmol) was
added under argon. The reaction mixture was heated at 110°C for 5 h. The reaction
mixture was allowed to cool down, filtered through a pad of silica, and concentrated to
give 176 mg of the crude material. Purification by flash chromatography using
Flashmaster 11, a 5g spherical silica gel cartridge, and mixtures of hexane and DCM as
cluent afforded 76 mg of desired compound and 84 mg of methyl 6-chloro-5-methyl-3-
pyridinecarboxylate as by-product.
[ES MS] m/z 230 (MH ).

(¢) (5-Bromo-6-methyl-3-pyridinyl)methanol

To a solution of methyl 5-bromo-6-methyl-3-pyridinecarboxylate (76 mg, 0.330
mmol) in DCM (1.5 ml), DIBAL-H (1.5 M solution in toluene, 0.661 ml, 0.991 mmol)
was added dropwise at -78°C under N,. The reaction mixture was allowed to warm to rt
and stirred overnight. To this solution was added saturated, aqueous NaK-tartrate solution
followed by DCM. The organic phase was separated, dried and concentrated to afford 56
mg of (5-bromo-6-methyl-3-pyridinyl)methanol (56 mg, 84%) pure enough to be used in
the next step.

'H-NMR (3, ppm, CDCls): 8.45 (s, 1H), 7.97 (s, 1H), 4.73 (s, 2H), 2.70 (s, 3H).

(d) Title compound: 5-Bromo-6-methyl-3-pyridinecarbaldehyde

To a solution of (5-bromo-6-methyl-3-pyridinyl)methanol (56 mg, 0.277 mmol) in
DCM (2 ml), MnO; (193 mg, 2.217 mmol) was added. After stirring overnight, an excess
of MnO, (120 mg, 1.386 mmol) was added and then the mixture was stirred for 3 h more.
The reaction mixture was filtrated and evaporated to afford 30 mg of title compound pure
enough to be used in the next step.

'H-NMR (8, ppm, CDCls): 10.05 (s, 1H), 8.87 (s, 1H), 8.25 (s, 1H), 2.75 (s, 3H).
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Preparation 8. 5-Chloro-6-(hydroxymethyl)-3-pyridinecarbaldehyde (Used to

prepare Example 56)
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(a) 3-Chloro-5-(1.3-dioxolan-2-yl)-2-methylpyridine

p-Toluenesulfonic acid (5.53 mg, 0.032 mmol) was added to a mixture of 5-
chloro-6-methyl-3-pyridinecarbaldehyde (for a synthesis see W020006/137485 A1l
Example 256) (250 mg, 1.607 mmol), ethylene glycol (179 nl, 3.21 mmol), and toluene
(8 ml) and the mixture was heated under reflux as water was azeotropically removed
(Dean-Stark). The progression was monitored by TLC (50% hexane:EtOAc) and HPLC.
More ethylene glycol (180 ul) and TsOH (3 mg) were added and after 46 hr full
conversion was observed by HPLC. 10% Na,CO3 and EtOAc were added. Extraction,
drying (MgSOQ,), and filtration afforded 3-chloro-5-(1,3-dioxolan-2-yl)-2-methylpyridine
(274.3 mg, 86 %) pure enough to be used in the next step.

'H-NMR (8, ppm, CDCls): 8.46 (s, 1H), 7.76 (s, 1H), 5.83 (s, 1H), 4.16-4.02 (s, 4H), 2.65
(s, 3H). [ES MS] m/z 200 (MH").

(b) 3-Chloro-5-(1.3-dioxolan-2-yl)-2-methylpyridine 1-oxide

m-CPBA (626 mg, 2.72 mmol) was added to a suspension of 3-chloro-5-(1,3-
dioxolan-2-yl)-2-methylpyridine (271.4 mg, 1.359 mmol) and NaHCO; (343 mg, 4.08
mmol) in DCM (3 ml) and stirred at room temperature. After 21 h, HPLC showed full
conversion. DCM and 1M NaOH were added. It was extracted, dried (MgS0Oa), filtered,
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and concentrated yielding 3-chloro-5-(1,3-dioxolan-2-yl)-2-methylpyridine 1-oxide (228
mg, 78 %) as a pale yellow oil pure enough to be used in the next step.

"H-NMR (8, ppm, CDCLs): 8.33 (s, 1H), 7.38 (s, 1H), 5.80 (s, 1H), 4.05 (s, 4H), 2.64 (s,
3H). [ES MS] m/z 216 (MH").

(c¢) [3-Chloro-5-(1,3-dioxolan-2-yl)-2-pyridinylmethanol

Trifluoroacetic anhydride (231 pl, 1.635 mmol) was added to a solution of 3-
chloro-5-(1,3-dioxolan-2-yl)-2-methylpyridine 1-oxide (225 mg, 1.043 mmol) in DCM (4
ml) at 0 °C and the mixture was stirred at room temperature for 48 h. Full conversion was
observed by HPLC. MeOH (0.5 ml, 12.36 mmol) was added and, after stirring for 10
min, DCM and 10% Na,COj3 solution were added. Extraction, drying (MgSO4), and
filtration afforded 223.2 mg of crude material. Purification by flash chromatography
using Flashmaster 11, a 5 g silica gel cartridge, and mixtures of hexane and EtOAc as
cluent afforded [3-chloro-5-(1,3-dioxolan-2-yl)-2-pyridinyl Jmethanol (142.7 mg, 63 %)
as a yellow oil.

'H-NMR (8, ppm, CDCLs): 8.57 (s, 1H), 7.82 (s, 1H), 5.88 (s, 1H), 4.82 (s, 2H), 4.18-4.04
(m, 4H). [ES MS] m/z 216 (MH").

(d) Title compound: 5-Chloro-6-(hydroxymethyl)-3-pyridinecarbaldehyde

Oxalic acid (415 mg, 3.29 mmol) was added to a mixture of [3-chloro-5-(1,3-
dioxolan-2-yl)-2-pyridinylmethanol (142 mg, 0.659 mmol), acetone (7.5 ml), and water
(7.5 ml) at room temperature and heated under reflux. After 2.5 h, HPLC showed full
conversion. Cooled to rt, basified with 1M NaOH, extracted with TBME, dried (MgSQy),
filtered and concentrated to give 139 mg of crude material. Purification by flash
chromatography using Flashmaster 11, a 5 g silica gel cartridge, and mixtures of DCM
and MeOH as eluent afforded impure product. Repurification by manual flash
chromatography using a 1g silica gel cartridge, and mixtures of hexane and EtOAc as
eluent afforded 5-chloro-6-(hydroxymethyl)-3-pyridinecarbaldehyde (11.3 mg, 10%) as a
white solid.

'H-NMR (3, ppm, CDCls): 10.12 (s, 1H), 8.95 (s, 1H), 8.17 (s, 1H), 4.90 (s, 2H),,[ES
MS] m/z 172 (MH"),
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(a) Methyl 5.6-dimethyl-3-pyridinecarboxylate

To a mixture of methyl 5-bromo-6-chloro-3-pyridinecarboxylate (595 mg, 2.375
mmol), tetrakis(triphenylphosphine)palladium (0) (275 mg, 0.238 mmol) and K,CO3 (492
mg, 3.56 mmol) in dioxane (6.5 ml), trimethylboroxin (1.328 ml, 9.50 mmol) was added
under argon. The reaction mixture was heated at 110°C for 16 h. The reaction mixture
was allowed to cool down, filtered through a pad of silica, and concentrated to give 857
mg of the crude material. Purification by flash chromatography using Flashmaster 11, a
20g silica gel cartridge, and mixtures of hexane and EtOAc as eluent afforded 276 mg of

desired compound.

(b) (5.6-Dimethyl-3-pyridinyl)methanol

To a solution of methyl 5,6-dimethyl-3-pyridinecarboxylate (276 mg, 1.671
mmol) in DCM (6 ml), DIBAL-H (1.5 M solution in toluene, 3.34 ml, 5.01 mmol) was
added dropwise at -78°C under N,. The reaction mixture was allowed to warm to rt and
stirred overnight. To this solution was added saturated, aqueous NaK-tartrate solution
followed by DCM. The organic phase was separated, dried and concentrated to afford
175 mg of the crude material. Purification by flash chromatography using Flashmaster 11,
a 5g silica gel cartridge, and mixtures of DCM/MeOH as cluent afforded 105 mg of

desired compound.

(c) Title compound: 5.6-Dimethyl-3-pyridinecarbaldehyde
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of MnOz (333 mg, 3 83 mmol) was added and then the mixture was stirred for 3 h more.
The reaction mixture was filtrated and evaporated to afford 51mg of title compound.
'H-NMR (8, ppm, CDCls): 10.05 (s, 1H), 8.75 (s, 1H), 7.87 (s, 1H), 2.60 (s, 3H), 2.30 (s,
3H).

Preparation 10. 5-Chloro-6-ethyl-3-pyridinecarbaldehyde (Used to prepare
Example 58)

P
Cl Cl Cl
7 /
Cl N/ N N
title compound

(a) (5-Chloro-6-ethyl-3-pyridinyl)methanol
To a solution of (5,6-dichloro-3-pyridinyl )methanol (500 mg, 2.81 mmol), K,CO3

(1165 mg, 8.43 mmol), and [1,1'-Bis(diphenylphosphino) ferrocene]dichloro-
palladium(II) (206 mg, 0.281 mmol) in THF (17 ml), was added diethylzinc (5.67 ml,
5.67 mmol). The mixture was stirred under reflux for 16 h in a pressure tube. The
resulting mixture was quenched upon the addition of aqueous HCI until pH 7 and
extracted with EtOAc. The combined organic layers were washed with brine, dried over
MgSOs, and concentrated under reduced pressure. The residue was purified by flash
chromatography using Flashmaster II, spherical silica gel cartridge BP-SUP 20-40p, and
mixtures of EtOAc and hexane as eluents to give 103 mg of desired compound.

'H-NMR (3, ppm, CDCls): 8.34 (s, 1H), 7.69 (s, 1H), 4.68 (s, 2H), 2.94 (q, 2H), 2.49 (bs,
1H), 1.27 (t, 3H). [ES MS] m/z 172 (MH").

(b) Title compound: 5-Chloro-6-ethyl-3-pyridinecarbaldehyde
MnO; (620 mg, 7.13 mmol) was added to a solution of (5-chloro-6-ethyl-3-

pyridinyl)methanol (103 mg, 0.600 mmol) in DCM (4 ml) and the mixture was stirred at
room temperature overnight. TLC (10% DCM/MeOH) showed starting material
remaining. An excess of MnO, (261 mg, 3.00 mmol) was added. After stirring for 3 h, the

reaction went to completion. The resulting suspension was filtered and washed with
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DCM. The filtrate was concentrated under reduced pressure to give 52 mg of the title
compound as colourless oil.

'H-NMR (8, ppm, CDCls): 10.10 (s, 1H), 8.75 (s, 1H), 8.10 (s, 1H), 3.15 (q, 2H), 1.35 (t,
3H).

Preparation 11 N-[(5-Chloro-6-methyl-3-pyridinyl)methyl]-4-piperidinamine (used

to prepare Example 2 compound via Scheme 4)

@ﬂ* IfO/ IyN

title compound

(a) 1.1-Dimethylethyl 4-{[(5-chloro-6-methyl-3-pyridinyl)methyl]amino }-1-

piperidinecarboxylate

A solution of 1,1-dimethylethyl 4-amino-1-piperidinecarboxylate (11.19 g, 55.9
mmol), 5-chloro-6-methyl-3-pyridinecarbaldehyde (for a synthesis see W02006/137485
Al Example 256) (7.82 g, 50.3 mmol) and Na,SO4 (8.73 g, 61.5 mmol) in DCE (200 ml)
was stirred at 90°C for 4.5 h and at room temperature overnight. NaBH(OAc); (35.5 g,
168 mmol) was added portionwise for 7 h until imine was not detected by LCMS
analysis. 10% NaHCO; was added and the organic phase was extracted twice with DCM,
washed with brine, dried (MgSQ,), filtered and concentrated under reduced pressure to
give 1,1-dimethylethyl 4-{[(5-chloro-6-methyl-3-pyridinyl)methyl]Jamino}-1-
piperidinecarboxylate (18.7 g, 94%) as a yellow oil.

'H-NMR (3, ppm, CDCl3): 8.30 (d, 1H), 7.64 (s, 1H), 4.01 (bs, 2H), 3.78 (s, 2H), 2.79 (t,
2H), 2.67-2.59 (m, 1H), 2.59 (s, 3H), 1.83 (bd, 2H), 1.44 (s, 9H), 1.33-1.20 (m, 2H). [ES
MS] m/z 340 (MH").

(b) Title compound: N-[(5-Chloro-6-methyl-3-pyridinyl)methyl]-4-piperidinamine
A solution of 1,1-dimethylethyl 4-{[(5-chloro-6-methyl-3-

pyridinyl)methyl]amino}-1-piperidinecarboxylate (65.58 g, 193 mmol) in DCM (800 ml)
at 0 °C was treated with HCI (4M solution in 1,4-dioxane, 386 ml, 1544 mmol) and
stirred at room temperature overnight. The resulting white suspension was filtered,

washed with DCM and hexane and dried to obtain N-[(5-chloro-6-methyl-3-
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pyridinyl)methyl]-4-piperidinamine dihydrochloride (62.3 g) as a white solid. The crude
product was dissolved in DCM/MeOH 5% (800 ml) and 2N NaOH (500 ml) was added
until pH 13.8. Organic phase was extracted and aqueous phase was extracted again with
DCM/MeOH 10% (650 ml x 2). Combined organic phases were washed with brine, dried
(MgSO0,), filtered and concentrated under vacuum to give N-[(5-chloro-6-methyl-3-
pyridinyl)methyl]-4-piperidinamine (44.82 g, 97%).

'H-NMR (8, ppm, CDCls): 8.31 (s, 1H), 7.66 (s, 1H), 3.79 (s, 2H), 3.13 (dt, 2H), 2.68-
2.56 (m, 3H), 2.60 (s, 3H), 2.02-1.83 (m, 2H), 1.38-1.26 (m, 2H). [ES MS] m/z 240
(MH).

Preparation 12. S-Methyl-6-(trifluoromethyl)-3-pyridinecarbaldehyde (Used to
prepare Examples 60 and 75)
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title compound

(a) Methyl 5-bromo-6-iodo-3-pyridinecarboxylate

To a solution of methyl 5-bromo-6-chloro-3-pyridinecarboxylate (4500 mg, 17.97
mmol) in HI (30 ml) was added Nal (3501 mg, 23.36 mmol). The mixture was stirred at
50°C overnight. Reaction was cooled at 0°C and the precipitated solid was isolated by
filtration and washed with 15 ml of MeOH. The obtained solid was suspended in 25 ml of
water and pH was adjusted to 9 with NaOH 6N (1.5 ml). The aqueous phase was
extracted twice with DCM and once with DCM/MeOH (5%). Organic layers were dried
over Na,SQ4. Volatiles were removed under vacuum to afford 2.505 g (40%) of the
desired compound as a white solid. The solution of HI and MeOH was dissolved in water
and pH was adjusted to 9 with NaOH 6N. The organic phase was extracted twice with
DCM and once with DCM/MeOH (5%). Organic layers were dried over Na;SOa.
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(b) Methyl 5-bromo-6-(trifluoromethyl)-3-pyridinecarboxylate

To a solution of methyl 5-bromo-6-iodo-3-pyridinecarboxylate (3140 mg, 9.18
mmol) and Cul (2274 mg, 11.94 mmol) in dry DMF (25 ml) stirred under Ar, methyl
2,2-difluoro-2-(fluorosul fonyl)acetate (5.84 ml, 45.9 mmol) and
hexamethylphosphoramide (7.99 ml, 45.9 mmol) were added. The reaction mixture was
stirred at 80 °C in a pressure tube overnight. HPLC showed starting material remaining,
more Cul was added until starting material was not detected by HPLC. The reaction
mixture was evaporated and the residue was dissolved in 1IN NH4Cl and EtOAc. The
organic layer was separated, washed with NH4Cl and sat. NaCl, dried over anhydrous
NaySOy, filtered and evaporated under reduced pressure. Purification by flash
chromatography using a 50 g silica gel cartridge, and mixtures of hexane and EtOAc as
cluent afforded methyl 5-bromo-6-(trifluoromethyl)-3-pyridinecarboxylate (1.8 g, 40%).
'H-NMR (3, ppm, CDCl3): 9.18 (1H, s), 8.66 (1H, s), 4.02 (3H, s).

(c) Methyl 5-methyl-6-(trifluoromethyl)-3-pyridinecarboxylate

To a solution of methyl 5-bromo-6-(trifluoromethyl)-3-pyridinecarboxylate (1173
mg, 4.13 mmol) in 1,4-dioxane (25 ml) stirred under N, was added K,CO3 (1712 mg,
12.39 mmol), trimethylboroxine (0.866 ml, 6.19 mmol) and
tetrakis(triphenylphosphine)palladium (0) (239 mg, 0.206 mmol). The reaction mixture
was stirred heating under reflux for 24 h. HPLC showed starting material remaining,
more tetrakis(triphenylphosphine)palladium (0) was added until starting material was not
detected by HPLC. The reaction mixture was diluted with water and extracted with
EtOAc. The combined organic phases were washed with sat. NaCl, dried over anhydrous
NaySOy, filtered and concentrated under reduced pressure. Purification by flash
chromatography using a 40 g Merck silica gel cartridge, and mixtures of hexane and
EtOAc as eluent afforded methyl 5-methyl-6-(trifluoromethyl)-3-pyridinecarboxylate
(304 mg, 32%).

'H-NMR (3, ppm, CDCL3): 9.08 (1H, s), 8.27 (1H, s), 4.00 (3H, 5), 2.57 (3H, s).
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(d) [5-Methyl-6-(trifluoromethyl)-3-pyridinyl Jmethanol

To a solution of methyl 5-methyl-6-(trifluoromethyl)-3-pyridinecarboxylate (552
mg, 2.52 mmol) in DCM (30 ml) stirred under N, at 0 °C was added a solution of
DIBAL-H (1.5 M solution in toluene, 5.04 ml, 7.56 mmol) dropwise. The reaction
mixture was stirred at 0 °C for 2 h and at room temperature overnight. The reaction
mixture was diluted with MeOH and concentrated under reduced pressure. The residue
was treated with a 1N HCI solution and extracted twice with EtOAc. The combined
organic phases were dried over anhydrous Na;SO4 and concentrated under reduced.
Purification by flash chromatography using a 10 g silica gel cartridge, and mixtures of
DCM and MeOH as eluent afforded [5-methyl-6-(trifluoromethyl)-3-pyridinyl|metanol
(297 mg, 54%).
'H-NMR (3, ppm, CDCls): 8.48 (1H, s), 7.70 (1H, s), 4.81 (2H, s), 2.53 (3H, s).

(e) Title compound: 5-Methyl-6-(trifluoromethyl)-3-pyridinecarbaldehyde

To a solution of [5-methyl-6-(trifluoromethyl)-3-pyridinyl Jmethanol (152 mg,
0.795 mmol) in DCM (10 mL) was added CrO, (Magtrieve) (1336 mg, 15.90 mmol). The
suspension was heated at 40°C in a pressure tube overnight. The suspension was filtered
over nylon membrane 0.45 um and it was rinsed with DCM. The filtrate was evaporated
to afford 120 mg (80%) of title compound pure enough to be used in the next step.
'H-NMR (3, ppm, CDCls): 10.19 (1H, s), 8.97 (1H, s), 8.14 (1H, s), 2.62 (3H, s).

Preparation 13. 5-Chloro-6-(1-hydroxy-1-methylethyl)-3-pyridinecarbaldehyde
(Used to prepare Example 62)
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title compound

(a) Methyl 3-chloro-5-(hydroxymethyl)-2-pyridinecarboxylate
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showed starting material and desired compound. HCI gas was bubbled through the
solution for a few minutes. The mixture was refluxed for two days. The mixture was
concentrated in vacuo and dissolved with DCM. The organic layer was washed with
saturated NaHCO3 solution and brine, dried over Na,SQOy, filtered and concentrated to
give the title compound (332.6 mg, 66%) as brown oil pure enough to be used in the next
step.

[ES MS] m/z 202 (MH").

(b) Methyl 3-chloro-5-({[(1.1-dimethylethyl)(dimethyl)silylJoxy}methyl)-2-

pyridinecarboxylate

A solution of methyl 3-chloro-5-(hydroxymethyl)-2-pyridinecarboxylate (332.6
mg, 1.650 mmol), Et;N (0.345 ml, 2.475 mmol), and fert-butyldimethylsilyl chloride
(261 mg, 1.732 mmol) in DMF (4 ml) was stirred at room temperature for 3h. The crude
was diluted with TBME (40 ml) and organic phase was washed with water and brine.
Combined organic phases were washed with sat NH4Cl, dried over Na,SOy, filtered, and
concentrated under reduced pressure to give the title compound (488 mg, 84 % yield) as
yellow oil pure enough to be used in the next step.

[ES MS] m/z 316 (MH").

(¢) 2-[3-Chloro-5-({[(1,1-dimethylethyl)}(dimethyD)silyl Joxy} methyl)-2-pyridinyl]-2-

propanol
To a solution of methyl 3-chloro-5-({[(1,1-

dimethylethyl)(dimethyl)silylJoxy} methyl)-2-pyridinecarboxylate (488 mg, 1.545 mmol)
in THF (5 ml) at -23°C was added methylmagnesium bromide (4.12 ml, 12.36 mmol)
dropwise. After addition, the solution was allowed to warm to rt and stirred for 5 h.
Saturated NH4Cl was added after cooling the solution to 0°C. Water and EtOAc were
added and the aqueous phase was extracted with EtOAc. The solution was dried over
Na,SOy, filtered, and concentrated under reduced pressure. The crude material was

purified by Flashmaster chromatography on a 10 g silica gel cartridge using
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hexane/EtOAc 95:5 as eluent to obtain 2-[3-chloro-5-({[(1,1-
dimethylethyl)(dimethyl)silylJoxy} methyl)-2-pyridinyl]-2-propanol (328 mg, 60% yield)
as colourless oil.

[ES MS] m/z 316 (MH ).

(d) 2-[3-Chloro-5-(hydroxymethyl)-2-pyridinyl]-2-propanol
To a solution of 2-[3-chloro-5-({[(1,1-dimethylethyl)(dimethyl)silylJoxy} methyl)-
2-pyridinyl]-2-propanol (328 mg, 1.038 mmol) in THF(10 ml) was added TBAF (1.557

ml, 1.557 mmol). The solution was stirred at room temperature for 3h. The mixture was
concentrated under vacuum and the residue was purified by Flashmaster chromatography
on a 40 g Merk silica gel cartridge using DCM/MeOH 95:5 as eluent to obtain 2-[3-
chloro-5-(hydroxymethyl)-2-pyridinyl]-2-propanol (210 mg, 95%) as colourless oil.

[ES MS] m/z 202 (MH").

(e) Title compound: 5-Chloro-6-(1-hydroxy-1-methylethyl)-3-pyridinecarbaldehyde
CrO, (Magtrieve) (1749 mg, 20.83 mmol) was added to a solution of 2-[3-chloro-
5-(hydroxymethyl)-2-pyridinyl]-2-propanol (210 mg, 1.041 mmol) in DCM (10 mL) and

the mixture was stirred at 40°C overnight. The suspension was filtered over nylon
membrane and it was rinsed with DCM. The process was repeated several times. The
combined filtrates were concentrated to afford 5-chloro-6-(1-hydroxy-1-methylethyl)-3-
pyridinecarbaldehyde (179 mg, 82%) as yellow solid. It was used in the next step without
further purification.

'H-NMR (3, ppm, CDCl3): 10.11 (1H, s), 8.89 (1H, s), 8.19 (1H, s), 5.87 (1H, s), 1.72
(6H, s). [ES MS] m/z 200 (MH").

Preparation 14. (Used to prepare Example 72)
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- -1 -0l By.mie; St wak evapolitedtotrimeks.iThe obtained brown oil was dissolved in
water and pH was adjusted to basic with 2N NaOH. The aqueous phase was extracted
with DCM, dried over anhydrous MgSQO, and concentrated under reduced pressure.
Purification by flash chromatography using Flashmaster II, a 10g silica gel cartridge, and
mixtures of DCM/MeOH as eluent afforded a mixture of final product and ethyl 5-chloro-
3-pyridinecarboxylate. The mixture was repurification by flash chromatography using
Flashmaster 11, a 50g Merck silica gel cartridge, and mixtures of DCM/MeOH as eluent
afforded the expected product ethyl 5-chloro-6-iodo-3-pyridinecarboxylate as a white
solid.
'H-NMR (3, ppm, CDCls): 8.82 (s, 1H), 8.21 (s, 1H), 4.46-4.39 (q, 2H), 1.44-1.40 (t,
3H). [ES MS] m/z 174 (MH").

(b) (5-Chloro-6-iodo-3-pyridinyl)methanol
DIBAL-H (3.37 ml, 3.37 mmol) was slowly added to a solution of ethyl 5-chloro-
6-i0do-3-pyridinecarboxylate (500 mg, 1.605 mmol) in THF (10 ml) at -78 °C. The

solution turned yellow and was stirred at that temperature for 3 h and then still in the dry-
ice bath allowed to slowly attain room temperature overnight. Next morning, TLC
showed starting material remaining. The solution was cooled to -78 °C and DIBAL-H
(3.37 ml, 3.37 mmol) was added. 3 h later it was allowed to warm to room temperature
and after 2 h starting material was still observed. More DIBAL-H (6.74 ml) was added
and the solution stirred at room temperature overnight. Full conversion was observed.
Saturated, aqueous NaK-tartrate solution and EtOAc were added. Extraction, drying
(MgSO0,), filtration, and concentration afforded (5-chloro-6-iodo-3-pyridinyl)methanol
(393 mg, 91%) as a brown solid pure enough to be used in the next step.

'H-NMR (0, ppm, CDCls): 8.24 (s, 1H), 7.71 (s, 1H), 4.71 (s, 2H), 2.12 (bs, 1H). [ES
MS] m/z 270 (MH").
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(¢) 5-Chloro-6-iodo-3-pyridinecarbaldehyde

A mixture of (5-chloro-6-i0do-3-pyridinyl)methanol (392 mg, 1.455 mmol), CrO;
(Magtrieve) (2.444 g, 29.1 mmol), and DCM (20 ml) was stirred at 40 °C for 24 h. Some
starting material was still observed by TLC. More CrO, (0.61 g) was added and the
suspension stirred at 40 °C overnight. TLC showed full conversion. Filtration and
concentration afforded 5-chloro-6-iodo-3-pyridinecarbaldehyde (261 mg, 67%) as a
brown solid pure enough to be used in the next step.
'H-NMR (3, ppm, CDCl3): 10.08 (s, 1H), 8.68 (s, 1H), 8.07 (s, 1H). [ES MS] m/z 267
(MH).

(d) 5-[Bis(methyloxy)methyl]-3-chloro-2-iodopyridine

A mixture of 5-chloro-6-iodo-3-pyridinecarbaldehyde (260 mg, 0.972 mmol),
trimethyl orthoformate (1.064 ml, 9.72 mmol), HCI (3M in MeOH) (0.778 ml, 2.333
mmol), DCM (1.5 ml) and MeOH (1.5 ml) was stirred at 50 °C for 3 h. TLC showed full
conversion. The solution was cooled to room temperature and concentrated under
vacuum. The residue was diluted with sat. NaHCO3 and EtOAc. Extraction, drying
(MgSO0,), filtration, and concentration afforded 271.5 mg of crude material. Purification
by flash chromatography using Flashmaster II, a 5g silica gel cartridge, and mixtures of
hexane and EtOAc as eluent afforded 5-[bis(methyloxy)methyl]-3-chloro-2-iodopyridine
(239.9 mg, 79%) as a yellow oil. It will be used in the next step without further
purification.

'H-NMR (8, ppm, CDCL3): 8.35 (s, 1H), 7.75 (s, 1H), 5.45 (s, 1H), 3.34 (s, 6H). [ES MS]
m/z 314 (MH).

(e) 1-{5-[Bis(methyloxy)methyl]-3-chloro-2-pyridinyl } ethanol

A solution of 5-[bis(methyloxy)methyl]-3-chloro-2-iodopyridine (239 mg, 0.762
mmol) in THF (1.5 ml) was slowly added to a solution of i-PrMgCl (400 nl, 0.800 mmol)
in THF (1.5 ml) at -20 °C under N, and the mixture was stirred at that temperature. After
30 min a small amount of starting material was still observed by LCMS. After 2 h, LCMS
still showed some starting material. More i-PrMgCl (60 ul) was added and after 40 min
disappearance of the starting material was observed by LCMS. Acetaldehyde (47 ul,
0.841 mmol) was added and the mixture stirred at -20 °C for 10 min. Partial conversion

was observed by LCMS and no evolution was observed after 1 h. Excess acetaldehyde
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The mixture was purified by flash chromatography using Flashmaster 11, a 10g Merck
silica gel cartridge, and mixtures of hexane and EtOAc as eluent. 1-{5-
[bis(methyloxy)methyl]-3-chloro-2-pyridinyl } ethanol (67 mg, 38%) was isolated as a
yellow oil.

'H-NMR (8, ppm, CDCLs): 8.52 (s, 1H), 7.78 (s, 1H), 5.45 (s, 1H), 5.20-5.11 (m, 1H),
4.40-4.37 (d, 1H), 3.34 (s, 6H), 1.47-1.45 (d, 3H). [ES MS] m/z 232 (MH).

(f) Title compound: 5-Chloro-6-(1-hydroxyethyl)-3-pyridinecarbaldehyde

1-{5-[Bis(methyloxy)methyl]-3-chloro-2-pyridinyl } ethanol (66 mg, 0.285 mmol)
was dissolved in EtOAc and washed with 1M HCI. The phases were separated and the
aqueous one was taken to basic pH with 10% Na,CO; and extracted with EtOAc, dried
(MgSOy), filtered, and concentrated to give 54.4 mg of a brown oil. By 'H-NMR, partial
hydrolisis of the acetal (~20%) was observed. The crude was dissolved in EtOAc (5 ml),
and stirred with 1 M HCI (5 ml, 5.00 mmol) at room temperature overnight. Basification
with 10% Na,COs, extraction with EtOAc, drying (MgSO,), filtration, and concentration
afforded 5-chloro-6-(1-hydroxyethyl)-3-pyridinecarbaldehyde (49.5 mg, 94%) as a brown
oil impurified with ca. 6% starting material. It will be used for the next step without
further purification.
'H-NMR (3, ppm, CDCls): 10.12 (s, 1H), 8.96 (s, 1H), 8.17 (s, 1H), 5.35-5.15 (m, 1H),
4.25 (d,1H), 1.5 (d, 3H). [ES MS] m/z 185 (MH").

Preparation 15. (Used to prepare Example 61)
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title compound

(a) [5-Bromo-6-(trifluoromethyl)-3-pyridinyl Jmethanol

To a solution of methyl 5-bromo-6-(trifluoromethyl)-3-pyridinecarboxylate (for a
synthesis see Preparation 12(b)) (698 mg, 2.457 mmol) in DCM (20 ml) stirred under N,
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at 0 °C was added DIBAL-H (1.5 M solution in toluene, 4.91 ml, 7.37 mmol) dropwise.
The reaction mixture was stirred at 0 °C for 3 h and at room temperature overnight. The
reaction mixture was diluted with MeOH and concentrated under reduced pressure. The
residue was treated with a 1IN HCI solution and extracted twice with EtOAc. The
combined organic phases were dried over anhydrous Na,SO4 and concentrated under
reduced. The crude material was purified by Flashmaster chromatography on a 10 g silica
gel cartridge using hexane/EtOAc 95:5 as eluent to afford [5-bromo-6-(trifluoromethyl)-
3-pyridinyl]methanol (297 mg, 54%) no pure enough to be used in the next step. The title
compound was re-purified by preparative HPLC (column XTerra 30x150 mm, gradient
elution: 30 to 80% CH3CN/H,O, uv detection 254 nm) to give the title compound (157
mg, 24%).

[ES MS] m/z 256 (MH ).

(b) Title compound: 5-Bromo-6-(trifluoromethyl)-3-pyridinecarbaldehyde

To a solution of [5-bromo-6-(trifluoromethyl)-3-pyridinyljmethanol (155 mg,
0.605 mmol) in DCM (10 mL) was added CrO, (Magtrieve) (1017 mg, 12.11 mmol).
The suspension was heated at 40°C in a pressure tube overnight. TLC showed starting
material remaining, an excess of CrO; (254 mg, 3.03 mmol) was added. The reaction
mixture was heated at 40°C for 4 h. The suspension was filtered over nylon membrane
0.45 um and it was rinsed with DCM. The filtrate was evaporated under vacuum to afford
120 mg (78%) of title compound pure enough to be used in the next step.
'H-NMR (3, ppm, CDCls): 10.18 (1H, ), 9.07 (1H, s), 8.53 (1H, s).

Preparation 16. 6-Chloro-5-methyl-3-pyridazinecarbaldehyde (Used to prepare

Example 73)
O
Cl
X (@) = X (b) H X
| — | —_— |
N = N = N =
Cl N Cl N Cl

title compound

(a) 3-Chloro-6-cthenyl-4-methylpyridazine

An orange solution of tributyl(vinyl)tin (0.359 ml, 1.227 mmol),
bis(triphenylphosphine)palladium(1l) chloride (43.1 mg, 0.061 mmol), and 3,6-dichloro-
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4-methylpyridazine (200 mg, 1.227 mmol) in DMF (2 ml) was stirred at room
temperature under argon overnight. Some starting material was still present so it was
stirred at room temperature all the weekend. No further evolution was observed. KF (80
mg, 1.377 mmol), TBME (4 ml) and water (4 ml) were added and the mixture was stirred
at room temperature for 30 min. The solids were filtered off. Extraction, drying (MgSQO,),
filtration, and concentration afforded 437.7 mg of crude material. Purification by flash
chromatography using Flashmaster 11, a 20 g Merck gel cartridge, and mixtures of hexane
and EtOAc (0-30%) as eluant afforded 3-chloro-6-cthenyl-4-methylpyridazine (34.8 mg,
18%), as white solid.

'H-NMR (8, ppm, CDCls): 7.45 (s,1H); 7.05-6.95 (dd,1H); 6.26-6.20 (d,1H); 5.72-5.68
(d,1H); 2.43 (s,3H). [ES MS] m/z 154 (MH+).

(b) Title compound: 6-Chloro-5-methyl-3-pyridazinecarbaldehyde

To a white suspension of 3-chloro-6-ethenyl-4-methylpyridazine (34.1 mg, 0.221
mmol), NalO4 (189 mg, 0.882 mmol), 4-methylmorpholine N-oxide (28.4 mg, 0.243
mmol) in CH3CN (3 mL) and water (1.5 mL) was added OsO4 (0.013 mL, 2.206 umol),
and the mixture was stirred at room temperature for 3 days. The reaction was monitored
by LCMS and starting material was observed. The reaction mixture was heated at 60°C
overnight and no more starting material was observed. Solvents were evaporated in vacuo
and the residue was partitioned between EtOAc and water. The aqueous layer was
extracted with additional EtOAc. The combined organic phases were washed with water,
dried with over anhydrous MgSOQy, filtered and concentrated under reduced pressure to
give 31.1 mg of the title compound as a white solid. It will be used in the next step
without prior purification.

'H-NMR (3, ppm, CDCls): 10.33 (s, 1H), 7.89 (s, 1H), 2.52 (s, 3H). [ES MS] m/z 156
(MH").

Preparation 17. 6-Chloro-5-methyl-3-pyridinecarbaldehyde (Used to prepare
Example 74)

HO | ~ (a) HJ | x
Z /
N~ ~cl N~ ~cl

title compound
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A mixture of (6-chloro-5-methyl-3-pyridinyl)methanol (300 mg, 1.904 mmol),
CrO, (Magtrieve) (2.398 g, 28.5 mmol), and DCM (15 ml) was stirred at 40 °C in a
closed tube overnight. TLC showed some starting material remaining. Additional CrO;
(0.8 g) was added. After heating 4 additional hours, TLC showed full conversion.
Filtration and concentration afforded 6-chloro-5-methyl-3-pyridinecarbaldehyde (204.8
mg, 69%) as a white solid.
'H-NMR (8, ppm, CDCls): 10.07 (s, 1H), 8.70 (s, 1H), 8.02 (s, 1H), 2.48 (s, 3H). [ES
MS] m/z 156 (MH").

Preparation 18. (Used to prepare Example 71)

Cl Cl Cl
(a) (b)
—— _—
O ONg 0
Cl Cl
Br (d)
Oj( Oww/
O

title compound @)

(a) methyl 2-chloro-4-methylbenzoate

2-chloro-4-methylbenzoic acid (500 mg, 2.93 mmol) was dissolved in Methanol (7 mL)
and SOCI, (0.215 mL, 2.93 mmol) was slowly added to the mixture and the reaction was
left at room temperature overnight. Next morning HPLC showed completion. Volatiles
were removed under vacuum to afford 526 mg of the title compound as brown oil.
'H-NMR (8 ppm, DMSO): 7.71 (d, 1H), 7.40 (s, 1H),7,25 (s,1H), 3.81 (s, 3H), 2.33 (s,
3H).

(b) (2-chloro-4-methylphenyl)metanol

Methyl 2-chloro-4-methylbenzoate (520 mg, 2.82 mmol) was dissolved in
Dichloromethane (DCM) (15 mL) and at 0°C Dibal-H (4.694 ml, 7.04 mmol) was slowly
added. The mixture was left at 0°C for 2 H and then at room temperature overnight. Next
morning HPLC showed no starting material remaining, reaction was quenched with
Rochelle salt, and leaving under stirring for 1 hour and then it was extracted with DCM,
dried and concentrated to afford 365 mg of the final compound, pure enough to be used in

the next step.
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'H-NMR (8 ppm, CDCls): 7.35-7.07 (m, 3H), 4.74 (s, 2H),2.33 (s,2H).

(¢c) (2-chloro-4-methylphenyl)methyl acetate

To a solution of (2-chloro-4-methylphenyl)methanol (365 mg, 2.331 mmol) and Et;N
(0.390 mL, 2.80 mmol) in Dichloromethane (DCM) (10 mL) at 0°C AcOCI (0.331 mL,
4.66 mmol) was slowly added and the mixture was left under stirring at 0°C for 1 hour
then at room temperature overnight. Next morning HPLC showed no starting material
remaining volatiles were removed under vacuum and resulting crude was dissolved in
DCM washed several times with water. Organic layers were dried over Na,SO4 and
volatiles removed to afford 453 mg of the final compound as a brown oil.

'H-NMR (8 ppm, CDCls): 7.30 (d, 1H), 7.06 (s, 1H),5.11 (s,2H), 2.33 (s, 3H), 2.11 (s,
3H).

(d) [4-(bromomethyl)-2-chlorophenyl]methyl acetate

(2-chloro-4-methylphenyl)methyl acetate (453 mg, 2.280 mmol) was dissolved in
Chloroform (20 mL) and AIBN (18.72 mg, 0.114 mmol) and NBS (406 mg, 2.280 mmol)
were added under Ar atmosphere. The reaction was left under reflux for 5 hours. HPLC
showed a new pick which we thought it was the desired product and a bit of starting
material and the reaction was stopped. The mixture was allowed to reach room
temperature, succinimide was filtered, and volatiles removed under vacuum.
Corresponding crude was purified by using flash master chromatography Si Il MERCK,
20 g Hexane-acetate (0-30%).

When purification was done, it was found out that main compound was starting material

(210 mg), and just 35 mg of the desired compound were obtained.

'H-NMR (8 ppm, CDCl3): 7.44-7.20 (m, 3H), 5.2011 (s,2H), 4.43(s,2H), 2.13 (s, 3H).
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(a) 2,3-Dichloro-5-({[(1.1-dimethylethyl)(dimethyD)silylJoxy}methyl)pyridine
A mixture of (5,6-dichloro-3-pyridinyl)methanol (2000 mg, 11.23 mmol), EtzN
(2.349 ml, 16.85 mmol), and tert-butyldimethylsilyl chloride (1778 mg, 11.80 mmol) in

DMF (20 ml) was stirred at room temperature for 4 h. HPLC analyse showed starting
material remaining, an exces of fert-butyldimethylsilyl chloride (847 mg, 5.62 mmol) and
Et;N (1.174 ml, 8.43 mmol) were added. The mixture reaction was stirred overnight. The
crude was diluted with TBME (175 mL) and water. The organic phase was washed with
solution sat. NaCl. Combined organics were washed with sat NH4Cl and dried over
NaySOy, filtered, and concentrated under reduced pressure. Purification by flash
chromatography using Flashmaster 11, a 50 g silica gel cartridge, and mixtures of hexane
and EtOAc as eluent afforded 2,3-Dichloro-5-({[(1,1-
dimethylethyl)(dimethyl)silylJoxy}methyl)pyridine 2.5 g (72%) of a yellow oil.

[ES MS] m/z 292 (MH ).

(b) 3-Chloro-5-({[(1.1-dimethylethyl)(dimethyl)silylJoxytmethyl)-2-ethenylpyridine
In a sealed tube charged with a solution of 2,3-dichloro-5-({[(1,1-

dimethylethyl)(dimethyl)silylJoxy}methyl)pyridine (1500 mg, 5.13 mmol) in 1,4-dioxane
(20 ml) was added K,COs3 (2128 mg, 15.40 mmol). The mixture was degassed with N,
then vinylboronic anhydride pyridine complex (1235 mg, 5.13 mmol) and
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tetrakis(triphenylphosphine)palladium (0) (178 mg, 0.154 mmol) were added. The
reaction mixture was stirred at reflux temperature overnight. The crude was diluted with
water and extracted twice with EtOAc. The combined organic phases were washed with
water and with sat. NaCl, dried over anhydrous MgSO, and concentrated under vacuum.
Purification by flash chromatography using Flashmaster I1, a 50 g Merck silica gel
cartridge, and mixtures of hexane and EtOAc as eluent afforded 3-chloro-5-({[(1,1-
dimethylethyl)(dimethyl)silylJoxy}methyl)-2-ethenylpyridine (754 mg, 49%).

[ES MS] m/z 284 (MH ).

(¢) (5-Chloro-6-ethenyl-3-pyridinyl)methanol

A solution of 3-chloro-5-({[(1,1-dimethylethyl)(dimethyl)silylJoxy} methyl)-2-
ethenylpyridine (707 mg, 2.491 mmol) and TBAF (3.74 ml, 3.74 mmol) in THF (20 ml)
was stirred at room temperature overnight. The mixture was concentrated and purified by
flash chromatography using Flashmaster 11, a 68 g Merck silica gel cartridge, and
mixtures of DCM and MeOH as eluent to afford (5-chloro-6-ethenyl-3-
pyridinyl)methanol (405 mg, 94%).

[ES MS] m/z 170 (MH ).

(d) 5-Chloro-6-ethenyl-3-pyridinecarbaldehyde
To a solution of 5-chloro-6-cthenyl-3-pyridinyl)methanol (394 mg, 2.323 mmol) in DCM

(20 mL) was added CrO, (Magtrieve) (3902 mg, 46.5 mmol). The suspension was stirred
and heated at 40°C in a pressure tube overnight. After overnight, TLC showed starting
material remaining. More CrO; (1951 mg, 23.23 mmol) was added and the mixture was
stirred for 5 h more. The suspension was filtered over nylon membrane 0.45 um and the
solvent was removed in vacuo to give 5-chloro-6-ethenyl-3-pyridinecarbaldehyde (222
mg, 55%).

[ES MS] m/z 168MH").

(e) 5-[Bis(methyloxy)methyl]-3-chloro-2-[2-(methyloxy)ethyl]pyridine

In a sealed tube charged with a solution of 5-chloro-6-ethenyl-3-pyridinecarbaldehyde
(114 mg, 0.680 mmol) in MeOH (2.5 ml) and DCM (1 ml) was added trimethyl
orthoformate (0.074 ml, 0.680 mmol) and HCI (4M in dioxane) (0.408 ml, 1.633 mmol).

The reaction mixture was stirred at 70°C for 5h and at rt overnight. The solution was
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concentrated under vacuum. The residue was diluted with sat. NaHCO3 and was extracted
with DCM and EtOAc. The combined organic phase was dried over anhydrous Na;SO4
and concentrated under reduced pressure. The crude was purification by flash
chromatography using a 2 g silica gel cartridge, and EtOAc/Hexane 4:6 as cluent to give
a mixture of 5-[bis(methyloxy)methyl]-3-chloro-2-[2-(methyloxy)ethyl]pyridine and 5-
chloro-6-[2-(methyloxy)ethyl]-3-pyridinecarbaldehyde (2.5:1) (46.2 mg).

(f) 5-Chloro-6-[2-(methyloxy)ethyl]-3-pyridinecarbaldehyde

A mixture of 5-[bis(methyloxy)methyl]-3-chloro-2-[2-(methyloxy)ethyl]pyridine and 5-
chloro-6-[2-(methyloxy)ethyl]-3-pyridinecarbaldehyde (2.5:1) (46.2 mg, 0.104 mmol)
and 1M HCI (2 ml, 2.000 mmol) in DCM (2 mL) was stirred at rt for 2 days. DCM and
IM NaOH solution were added. Extraction, drying (MgSQj), and filtration afforded 5-
chloro-6-[2-(methyloxy)ethyl]-3-pyridinecarbaldehyde (38 mg, 9%) pure enough to be
used in the next step.

'H-NMR (3, ppm, CDCls): 10.06 (1H, s), 8.90 (1H, s), 8.12 (1H, s), 3.87 (2H, 1), 3.38
(3H, s), 3.33 (2H, t). [ES MS] m/z 200 (MH ).

Alternative oxidations to obtain S-chloro-6-methyl-3-pyridinecarbaldehyde
(Formula (I1B))
0

Cl I
= =
N N

The preparation of this compound is known from W02006/137485. Two further methods
of preparing it were investigated.

Method A

A solution of 5-chloro-6-methyl-3-pyridinyl)methanol (for a synthesis see
W02006/137485 A1 Example 255) (10 g, 63.5 mmol) in DCM (500 ml) at room
temperature was treated with CrO, (Magtrieve) (107 g, 1269 mmol) and stirred at 40 °C
for 1 day. The reaction mixture was filtered through celite and the filtrate was evaporated
under reduced pressure to give 5-chloro-6-methyl-3-pyridinecarbaldehyde (8.3 g, 85%) as
a beige solid.

'H-NMR (8, ppm, CDCls): 10.05 (s, 1H), 8.83 (s, 1H), 8.09 (s, 1H), 2.73 (s, 3H).
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(T.126 ml, 15.87 mmol). Then pyridine (0.513 ml, 6.35 mmol) was added and after 15
min under stirring, this solution was slowly added to other containing a mixture of (5-
chloro-6-methyl-3-pyridinyl)methanol (for a synthesis see W02006/137485 A1 Example
255) (500 mg, 3.17 mmol) and N,N-diisopropylethylamine (1.939 ml, 11.10 mmol) in a
mixture of DMSO (1.12 ml) and DCM (4 ml) at 0 °C. After 1 h under stirring, the ice
bath was removed and the reaction was left at room temperature overnight. DCM was
evaporated under vacuum, H,O and Et;0 (1:1) were added and the aqueous layer was
extracted several times with Et;O. Organic layers were washed with brine, dried
(NaSQ,), filtered and concentrated to afford 5-chloro-6-methyl-3-pyridinecarbaldehyde
(435 mg, 88%) as a yellow solid.

"H-NMR (8, ppm, CDCl): 10.05 (s, 1H), 8.83 (s, 1H), 8.09 (s, 1H), 2.73 (s, 3H).

Biological Activity

Antimicrobial Activity Assay:

Whole-cell antimicrobial activity was determined by broth microdilution using the
Clinical Laboratory Standards Institute (CLSI) recommended procedure, Document M7-
A7, "Methods for Dilution Susceptibility Tests for Bacteria that Grow Aerobically”.

Compounds were evaluated against Gram-positive organisms, including
Staphylococcus aureus, Streptococcus pneumoniae, and Enterococcus faecalis.

In addition, compounds were evaluated against a panel of Gram-negative
organisms including Haemophilus influenzae, Moraxella catarrhalis, Escherichia coli,

The minimum inhibitory concentration (MIC) was determined as the lowest
concentration of compound that inhibited visible growth. A mirror reader was used to
assist in determining the MIC endpoint.

Each of the compounds of the listed Examples 1-31 and 33-59 as identified in
ﬁable 1 of the present application, had a MIC <2 pg/ml against at least one of the
organisms listed above. For at least one strain of every organism listed above, at least one
Example had a MIC <2ug/ml. The lowest MIC shown by the compound of Example 32
was 4ug/ml against the organism E.coli 120 AcrAB-.

Examples were tested in the Mycobacterium tuberculosis H37Rv inhibition assay.
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Mpycobacterium tuberculosis H37Rv Inhibition Assay

The measurement of the minimum inhibitory concentration (MIC) for each tested
compound was performed in 96 wells flat-bottom, polystyrene microtiter plates. Ten two-
fold drug dilutions in neat DMSO starting at 400uM were performed. Five pul of these
drug solutions were added to 95 ul of Middlebrook 7H9 medium. (Lines A-H, rows 1-10

of the plate layout). Isoniazid was used as a positive control, 8 two-fold dilution of

Isoniazid starting at 160 ugml'l was prepared and 5 pul of this control curve was added to
95ul of Middlebrook 7H9 medium (Difco catalogue ref. 271310). (Row 11, lines A-H).
Five ul of neat DMSO were added to row 12 (growth and Blank controls).

The inoculum was standardised to approximately 1x107 cfu/ml and diluted 1 in
100 in Middlebrook 7H9 broth (Middlebrook ADC enrichment, a dehydrated culture
media which supports growth of mycobacterial species available from Becton Dickinson
Catalogue Ref. 211887), to produce the final inoculum of H37Rv strain (ATCC25618).
One hundred pl of this inoculum was added to the entire plate but G-12 and H-12 wells
(Blank controls). All plates were placed in a sealed box to prevent drying out of the

peripheral wells and they were incubated at 37°C without shaking for six days. A
resazurin solution was prepared by dissolving one tablet of resazurin (Resazurin Tablets
for Milk Testing; Ref 330884Y VWR International Ltd) in 30 ml sterile PBS (phosphate
buffered saline). 25 ul of this solution was added to each well. Fluorescence was
measured (Spectramax M5 Molecular Devices, Excitation 530nm, Emission 590nm) after
48 h to determine the MIC value.

All examples were tested in the Mycobacterium tuberculosis H37Rv inhibition
assay except for examples 45 (tested as HCI salt), 58, 66, 67, 69. All tested Examples
showed an MIC value of 2.42 pg/ml or lower. All tested Examples except Examples 13,
14,22, 27, 35, 39, 40, 48, 52, 63, 64, 65 and 71 64 showed an MIC value of 1.0 ug/ml or

lower. |
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1. A compound of Formula (I) or a pharmaceutically acceptable salt or N-oxide

thereof:

/ R®
ND—NH-CHZ-U\
— ®
@) N N @)
X

y AN &

wherein:

one of Z! and Z2 is CH or N and the other is CH;

U represents a group selected from: phenyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, thiazolyl, furanyl, imidazolyl and thiophenyl;

nis0orI;

R’ and R®are independently selected from: halo, CF3, OCF;, C, 3 alkyl, NHR7,§
NR7AR7B, C,.; alkoxy, nitro and cyano; or R’ may be a group —C,,Hoy-A where m is 1-5
and the moiety —C,Hom- may be straight or branched chain and A is selected from OH,
OR’, OCOR’, OCO,R’, OCONR’, OPO,R’ and NH,, where cach R”, R”* and R™” is
independently C_s alkyl.

2. A compound of claim 1 wherein the compound of Formula (1) is represented by

the Formula (IA) or a pharmaceutically acceptable salt or N-oxide thereof:
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R5

/

NC>7NH-CH2-U\
| | (R9),
o N N o
\]V\ I (Formula 1A)
-, 1

yAlY &

(relative stereochemistry shown)
wherein:
one of Z1 and Z2 is CH or N and the other is CH;
U represents a group selected from: phenyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, thiazolyl, furanyl, imidazolyl and thiophenyl;
R> and RS are independently selected from: halo, CF3, OCFs;, C, 3 alkyl, C 3 alkoxy, nitro

and cyano, and nis 0 or 1.

3. A compound of claim 1 wherein in Formula (I) U represents a group selected

from: phenyl, pyridyl, pyridazinyl, thiazolyl, and thiophenyl.

4, A compound of claim 1 wherein when n is 0 and R’ represents CF3, OCF3, Cl, Br,
or NO,.
5. A compound of claim 1 wherein n = 1 and one of R® and R® represents Cl and

the other represents Cl, CH3, C;Hs, CN, CF3 or OCF3.

6. A compound of claim 1 wherein n = 1 and one of R® and R® represents F and the

other represents Cl, CF3, CN, or CHa.

7. A compound of claim 1 wherein n = 1 and one of R* and R® represents CH; and

the other represents Br, CHs, CF3, CN or NO,.

8. A compound of claim 1 wherein R represents ~CH,-OH, n is 1 and R® is Cl.
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9. A compound of claim 1 wherein U is selected from the group consaisting of
phenyl, pyridyl and pyridazinyl and n is 0 and R is in the para position of U relative to
the bond between U and the CH, group to which it is bonded.

10. A compound of claim 1 wherein U is selected from the group consisting of
phenyl and pyridyl, n is 1 and one of R* and R’ is in the para position, and the other in the
meta position of U relative to the bond between U and the CH, group to which it is

bonded.

11. A compound of claim 1 wherein the absolute stereochemistry of the compound

of Formula (I) is indicated by the Formula (IB):

/ R®
NC>7NH-CH2-U\
— o
o N N o
IB

12. A compound which is selected from:

(1R)-1-[(4-{[(5-chloro-6-methyl-3-pyridinyl)methyl]Jamino } -1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(2R)-2-[(4-{[(5-chloro-6-methyl-3-pyridinyl)methyl]amino } -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-{[4-({[6-(trifluoromethyl)-3-pyridinyl]methyl } amino)-1-piperidinyl jmethyl } -1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(2R)-2-[(4-{[(3,4-dichlorophenyl)methylJamino }-1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;
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(2R)-2-{[4-({[4-fluoro-3-(trifluoromethyl)phenyl methyl } amino)-1-piperidinyl methyl } -
1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

5-{[(1-{[(2R)-3,8-diox0-1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylen-2-yl Jmethyl } -4-

piperidinyl)amino]methyl } -2-fluorobenzonitrile;

(2R)-2-[(4-{[(4-fluoro-3-methylphenyl)methyl Jamino } -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-[(4-{[(5-chloro-4-methyl-2-pyridinyl)methyl]amino } -1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(1R)-1-[(4-{[(5-chloro-6-methyl-3-pyridinyl)methyl]amino } -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-{[4-({[6-(trifluoromethyl)-3-pyridinylJmethyl } amino)-1-piperidinyl jmethyl } -1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-{[4-({[6-(trifluoromethyl)-3-pyridinylJmethyl } amino)-1-piperidinyl jmethyl } -1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-[(4-{[(5-bromo-6-methyl-3-pyridinyl )methyl Jamino}-1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(1R)-1-[(4-{[(5,6-dimethyl-3-pyridinyl )methylJamino} -1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

2-[(4-{[(5,6-dimethyl-3-pyridinyl)methyl]amino } -1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(5,6-dichloro-3-pyridinyl)methyl]amino } -1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;
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2-{[4-({[4-chloro-3-(trifluoromethyl)phenyl Jmethyl } amino)-1-piperidinyl jmethyl }-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-{[4-({[6-(trifluoromethyl)-3-pyridazinyl |methyl } amino)-1-piperidinyl Jmethyl } -1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-{[4-({[6-(trifluoromethyl)-3-pyridazinyl|methyl } amino)-1-piperidinyl |methyl } -
1,2-dihydro-4H,9H-imidazo[ 1,2,3-ij]-1,8-naphthyridine-4,9-dione;

2-{[4-({[6-(trifluoromethyl)-3-pyridinyl Jmethyl } amino)-1-piperidinyl Jmethyl }-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-{[4-({[6-(trifluoromethyl)-3-pyridinyl Jmethyl } amino)-1-piperidinyl Jmethyl }-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(4-chlorophenyl)methylJamino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(3-chlorophenyl)methylJamino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(4-methyl-3-nitrophenyl)methylJamino } -1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(5-bromo-4-methyl-2-thienyl)methylJamino } -1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(3,4-dimethylphenyl)methylJamino }-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(5-chloro-6-methyl-3-pyridinyl)methylJamino } -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;



a) 5. =00 .00 2,a, -O'PMR t ="2yo0o0ci a 3:1cE2-0-EN 0 H 13N
Kr) WO 2009/ 141398PCT/ EP2009/ 056177 Clainms. | . A conpound of Formul a
(T) or aWwbasmwaaeissi cally acceptable salt or N oxide th@CEFP2009/056177

2-({4-[({4-[(trifluoromethyl)oxy]phenyl } methyl)amino]-1-piperidinyl } methyl)-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-{[4-({[4-(trifluoromethyl)phenyl Imethyl } amino)-1-piperidinyl Jmethyl } - 1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(4-bromophenyl)methylJamino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(5-chloro-6-methyl-3-pyridinyl)methylJamino } -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(1R)-1-[(4-{[(3,4-dichlorophenyl)methylJamino }-1-piperidinyl)methyl]-1,2-dihydro-
4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

5-{[(1-{[(1R)-4,9-diox0-1,2-dihydro-4H,9H-imidazo[1,2,3-1j]-1,8-naphthyridin-1-
ylJmethyl}-4-piperidinyl)amino]methyl } -3-methyl-2-pyridinecarbonitrile;

2-[(4-{[(6-fluoro-5-methyl-3-pyridinyl)methyl]amino} -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(4-chloro-3-methylphenyl)methylJamino }-1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(4-bromo-2-thienyl)methylJamino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(3,4-dichlorophenyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

2-[(4-{[(2-chloro-1,3-thiazol-5-yl)methyl]amino } -1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;
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/RS /-N1\/ NH CH2-11,, (R6)" ONO (1) Z1Z2 wherein: one of Z | and Z2 is CH

or N and the other is CH U represents a group selected from phenyl,
pyridyl, Wworo@aziivgl , pyrimdinyl, pyrazinyl, thiazolyl PCTORP200I056177

i m dazol yl and thi ophenyl; nis 0 or 1; Rs and R6 are independently
selected from halo, CFl, OCF1, CLI alkyl, NHR7, NR7AR7R, C al koxy, nitro

and cyano; ro -Cn, H.", -A wher i -5 a iety
- orH2m n&yﬁ%éﬁgrmﬁ Laﬁﬁylgmgt@?/ﬁﬁewgg tenimbrdanlinay I Sodedua i by Ba0R7,
OCCORY?, ooggﬁgacee%m@en@maﬁgn@nd NH,, where each R7 , Rmand R7B i s

i ndependently C1_ kyl 2. A ¢onpound of claim 1 wherein the conpound of

Formula (1) is represented by the Formula (1 A) or a pharmaceutically

accept abl | t .00 N-O 'd t.her.e 09/ 141398PCT/ EP200 6177 [-N\/
N hp i el A RSy R PRy iR T e A o o o
cheni st ry dsiiAwnB HWIELEH Ba-tARRa8nafithRFe-Z - dnsnecH or N and the other is CH
U represents a group sel ected from phenyl pyr| dyl, pyridazinyl,

pyrimdinyl, pyrazinyl, thi azoI yl, furanyl, im dazol yl and thi ophenyl R5

o 2 ol YRR AR Gy e Ry Sl G o

i n For mul @a(5]8a-tar@psreaphihlyfna-3¢8- mupe,sel ected from phenyl, pyri dyI ,
pyridazinyl, thiazolyl, and thiophenyl. 4. A corrpound of claim1l wherein
when nis 0 and R5 represents CF3, OCF3, d, Br, or : 5 A compound of

claim1 whe @j{ﬂakgmg@qi%%ﬁ)r%éﬁh%i}%%@Bﬁplﬁ&fzﬁﬁﬁﬁﬂétﬁyl ]y 228y &IB%}PEHH

represents conpoun of c aim I wherein
n = 1 and 2epfagfiaRbcanghR§lenepriediont;s F and t he other represents C, CF3,
CN, or CH2. 7. A conpound of claiml| wherein n = 1 and one of R5 and R6
represents CH3 and the other represents Br, Cl113, CF3, CN or NO2- 8. A

conmpound of(4) fory 3 idﬁhﬁﬁnéﬂ@ SRR -3-pi r[g‘i%h dhylf1D-ARGIBBH HCD . WO
2009/ 141398 C'F/WISEP2069/ 81553217 9. ﬁﬂconp;:)un of Igjﬂgllm}blﬁ ereﬁlr Uis

sel ected Pediatthiezageonaphibolesaidst-tliegeiof phenyl, pyridyl and pyridazinyl and
nis O0Oand RS is in the para position of U relative to the bond between U
and the CH2 group to which it is bonded. 10. A conpound of claim1 wherein

Uis sel egtjgd{f(BaTaockhe-roEtBuph&smei iyl [aghind } - pgpmyﬂdl@m)dldﬂyﬂ] -dyldihydros 1 and

one of R5 and R6 is in the para p05|t|on he other in the neta

posi tion éﬁ@{ﬂéﬁa&artvléz%a@eltaﬂ?@hﬂ?ﬁé 3dig8_n U and the CH2 group to which it

is bonded. I1. A conpound of claiml|l wherein the absolute stereochem stry

of the compound of Forrmula (1) is indicated by the Fornula (1B):
2-[(4-{[(3,4-difluorophenyl)methyl Jamino } -1-piperidinyl)methyl]-1,2-dihydro-3H,8H-

2a,5,8a-triazaacenaphthylene-3,8-dione;

(2R)-2-{[4-({[6-(trifluoromethyl)-3-pyridinylJmethyl } amino)-1-piperidinyl jmethyl } -1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(2R)-2-{[4-({[6-(trifluoromethyl)-3-pyridinylJmethyl } amino)-1-piperidinyl jmethyl } -1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione hydrochloride;

(25)-2-[(4-{[(3,4-dichlorophenyl)methyl]amino}-1-piperidinyl)methyl]-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

(25)-2-{[4-({[6-(trifluoromethyl)-3-pyridinyl |methyl } amino)-1-piperidinyl |methyl }-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;
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/[ R5 NH CH2- UN (I B) 12. A conpound which is selected from
(IR -1-[(4-{[(5-chl oro-6-net hyl-3-pyridi nyOnet hyl ] am no}
- 1- pi per ivuDry@©mB13vgl] -1, 2- di h ydro-4H 9Him dazo [ 1PCZ/ER2009}056117
, 8-naphth yri dine-4,9-di one; (2R -2-[(4-
[ (5-chl oro-6-net hyl-3-pyridi nyenet hyl ] am nol -1-piperidi nyOrethyl]-1, 2-
ihydro-3H,8H—2a,5,8a-triazaacenaphthylene-3,8-dione; (1R)- 1 -{[44
[6-(trifl uoromethyl)-3-pyridinyl 'nethyl amno)- 1 -pipe' nmethyl 1 ,2-
i hydr o- 413, ity 1¥. F—QLGR?A@‘ -dibko-, ﬁdlﬁ?&méﬁ{/ QHQhﬂ@azﬂUgZ gllﬂfleS-naphthyrldm-
2R)-2-[(4-{[ (3, 4- Iorophenyl)nethy Jam'nol -1 -pi'peridinyl)nethyll
, 2- di hydr d3#|ra¢thgla;Epiparidiny lagramo émethiltt b prdin@atboditolee; (2R)-2- { [ 4- ( {
4-fluoro-3-(trifluoronethyephonylinmethyll amno)- 1 -p ip cridinyL]nothyl
1,2-d i hydro-3H 8H 2a,5 , 8a-tri azaacenapht hyl ene- 3, 8-di one; 5-f [(1-
2R) - 3, 8-3dit0ere=3L {[2t-d[ (R w Sbk &lt22diay&ro8at YHLiaA@e ENARAT s -aiphehpH difot hyl
pi peri di nypam no] not -2- quoro%enzonltrltc
2- [ (4=Ylmahyl} céopl@elsdlnﬁk)mnnphéwglmlﬁeamld1ns¢ﬁrbmutrﬂqdﬂ1p5dr|@éhlpaﬁ%y Onet hyl
, 2- di hydro- 3H, 8H 2a, 5, 8a-tri azaacenapht hyl onc- 3, 8-diono; (1 R- 1
{[(5 chl or o- 4- met hyl - 2- pyri di nyOnet hy] ] am nol - 1 -piperidi nyOret hyl
Zi ( cd]?l? r(zh[(;lm ﬁ[:(—ﬁ chbmartsdﬂfztbil;la ﬁyrfﬁdlh%)m&hpl@ﬂfginlb%‘/ﬂl-pipﬁ(}tdlﬂyl@fr@ﬂ@ﬂ'ﬂgl 2-
1 4 5-chl oro-6-nmet hyl- 3-pyridi nyOxethylJam no} -1 -p ip
|nnd€ﬂH@T RELEF-2¢5, Ht96¥%c%¥P@3 lsge-3,8800G:i azaacenaphth yl en
3,8-dione; (1R -1-{[4-(f[6-(trifluoronmethyl)-3-pyridinyl]nethyl}
am no) - 1- pi peridi nyl ] nethyl 1,2- dihydro-3H, 8H 2a,5
,8a-triaz da[cﬁféf{[i(ﬁlfﬂdw(b-éﬂeetﬁyl prirlahoyﬂeme@jzl?)mﬂm}{14p1@erﬁd1nyl)methyl] 1,2-
[6-(triflu r|d|n | i me - 1-pi peridinylinmethyl }
ot i ny a3 B B e aRr R ene 5 T- d i oner (1R~ 1
-[(4-{[ (5-brono-6-nethyl- 3- pyrldlnyl)nethyl [am no}- 1 peridinyl)nethyl 1-

1 ,2- dihydro-4H 9H i m dazo[ 1, 2, 3- |m%n napht hyri di nc-4,9-diono; (1 R- 1
[(4 {[(52%)b[049{[h%rthgt0p®hmedlyrh§kp>)r yrhz/m]:tém‘{) mlno}il-plpmp@nyldmnwl])lr%t hy11-

1,2- di dazo 1 , 8-napht hyr

di ne- 4, 9- g‘8’5?3ég%%§if?%f%gﬁwﬂ%?ﬂm?y@n%gkﬁ%‘ ?enethyP]anyno }

- pi peridi nyOnet hyl ] -1, 2-di hydr o3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8- di one
; 2-[(4- f #( 6- di chl or o- 3- pyri di nyOret hy I%anjnGI L

- 1- pi perl di 37ilj[ﬁb{[ﬁérztiLYESélwrmgi@ryadmy@meﬁwl ngigot -+l b i hpkthaidt bfre- 3, 8- di
one; 2- 6t met h

ami no) 1 & [}ﬁdr(li gff}]‘%b rﬁ{%igic?[],f 3- h h‘éq{aBHE&Hé{m)eﬂmﬁ%hb y

di hydr o- 3H, 8H 2a, 5, 8a- trlazaacenaphthylene 3,8-dione; 2- {[4-(

aEn6n(()§ ' Ilf lﬂ,ijlg}raﬂfélt ﬂﬁ' ia%@(‘ﬁé%gt%ﬁ ! }ln‘llcﬂgylg]r%;ethyl]ammo} I-piperidinyl)methyl]-1,2-

di hydr o- 31g; rc?@H%f?Qa%%‘a%%%‘é?ﬁﬁﬁ%Wh@@% ﬁo§e %&a&mrlde
(IR -1-44-(46-(trifluoronethyl)-3-pyridazinyl]|neth

}anino)-l-plperldlnyl]nethyl - 1, 2-di hydr o- 4H, 9H—|n1dazo [1,2,34

j E-n-g'g- h§|- ngp g '{h‘fj&ﬁgém %’&)‘?F%YWFI}YA)Z? Pg’ 191nyH e?lrqu rH{lnog 1- plggrlél ]Tyl

di hydr o- 3lth&@hy12a, BdBadiol4iRDARIEASNT D BLINN0S-3 1864 8=didnd; 4- (
[ 6- (trlfluorongﬁhyl)93 pyr|d|nyl]n£th§ ? anlgg?g% plperlélgyl]nethyl }

-1,2- di h ydro-3H, 8H 2a,5,8a-tri azaacenaphth yl en e-3,8-dione; 2-[(4-{

4- chl t .
ot RTINS ko B B Ll ming KPR S 242
[ ( 3- chl ordaphienyHBH-hy bisantinaiccaphthglchels Bydons;hyl | - 1, 2- di hydr o- 3H, 8H2a, 5, 8

{
a-triazaacenapht hyl ene- 3, 8- di one;

2-[(4-{[ (4-met hyl- 3-ni trophenyl ) nmet hyl ] am nol - 1- pi peri di nyl) net hyll-1, 2-t hh
ydr

dr 03H, 8H2R)_b. BT {61 RAARGORRRRN Y L 9RGn J1Befll PAfrino)- 1-piperidinylJmethy! } -
1,2-dihydro-4H,9H-imidazo[ 1,2,3-ij]-1,8-naphthyridine-4,9-dione hydrochloride;

{
d
{
d
(

[
[
( R

(
1-
(1R
er
e-

(
4-
2
[

) -
1
4-
1
) -
d

(1R)-1-{[4-({[5-methyl-6-(trifluoromethyl) -3-pyridinyl]methyl} amino)-1-piperidinyl]
methyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;
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(4-{[(5-brono-4-nethyl-2-thi enyOret hyl |am no} -1-piperidi nyOrethyl
2-di hydr o3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene-3, 8-di one; 2-[(4-{

4- di nEOlgIYpeIvgenet hyl ] am no - 1- pi perid i nyQret hyl | PCTEPANPEC177

3H, 8H2a, 5, 8a-tri azaacenapht hyl ene-3, 8-di one; 24(4-

5-chl or o- 6- not hy1- 3- pyri di nyOmot hyl ] am nol - 1- pi peri di nyOrot hyl ] -1, 2-

hydr o- 3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di one; 2-( (44

(4- [(trlfluoronethybey]phenyII nmet hyDam no] - 1- pi peri di nyl 1net hyl)-1, 2-

di hydr o- 3k 8§+ 2p4-oy [%rérﬁb% &B%leﬁﬁﬁicﬁnﬁjrdétﬁﬂ%mﬁfo){lL4-(

{[4-(tri quoronethyI phenyl yl 1

am no) - 1- Mﬂﬁeﬂdlm]mk}yiﬁlf%fdl deOQ“H.lPHyidﬁdﬂH[B%-Zﬁ:m-awlﬂhﬁiraﬁmé,@ﬂém hyl ene-

3,8-dione; 2-[(4-{[(4-bronophenyl)nethyl]amnol- | -piperid nyOrethylk I
, 2- di hydr o- 3H, 8H2a, 5, 8a-tri azaacenapht hyl ene- 3, 8- di one;

2- (4- | - B fryl ] Oret hyl k
g é.[?3”93-qh“%@@WSa@t@??ﬁzlﬁenaphtEﬁ2?3“%?3] A

R) - 1- [ ( PiReridsyalmstion | -4 PopihedrpetbPHyinidaroho2.3-idt b%ﬂﬁlmtwdmﬁ?rdwnq 2-d
ydro4H OH-im dazo I_ 1 ,2,3-ijk I ,8-n aphth yri din e-4,9-di on e; 5- {

1
h

(1-¢

E} 1R) - 4, 9(dRp1<&p641{[Es-ﬂuhmdtﬁ-meﬂtﬁgkbyrm@a)m&[tﬂyl]hnﬁno] 1 -plpBidapmdyli-di2a- | yI ] me
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3,
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Q_F‘Hﬂl—|'_\|\)
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0
[
i

yl} -4-pip eridinyparnino neth yl-2-pyrid inecarbonitrile; 24(4-
(6-fl uoﬂ&l@rq‘réﬁrﬁlfeldﬁw[# p%yb hé(FHgWST“ *digngeri di nyoret hyl ]-1, 2-
hydr o- 3H, 8H 2a, 5, 8a- trlazaacenaphthylene 3,8-dione; 2-[(4- { [(4- ch
0-3-methy | ph en yOmeth yl Jamnol - | -piperi dinyl Ymeth ylk I

, 2- di hydr @ BR)-8H{£6{[5-c8re-#i(hydrasenatbihb phdngHmeBiy8-adiineet -piperidinyl Jmethyl } -

3b¥ég;§5§ §%ﬁ@§ﬁy1@5? nﬁ?ﬁ%ﬂfgg H‘gg%ﬁﬁéhﬁﬁhP?ﬁgiﬁﬁgénaphthyIene 3, 8-di one

2-1(4-{[ (3, 4- dlchlorophenyenethyl]anlno

1- plperldlnyenethyl} 2-di hydr o- 3H, 8H2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di on
24(4- 3-chloro-5 {[( {[(2R) 3,8-dioxo-1,2- dlhydro 3H 8H-2a,5,8a-triazaacenaphthylen-2-

e;
{[(2-chlor azol ,nol-.1- 1, 2-di hydr o3
i bir 20, o BT T a ST RO R e bicBy Bl PSR Rl

[(4 ni t rophcnyl ) not hyl ] am no } -1 plperldlnyl)nethylk 1, 2-di hydro- 3H, 8H 2

a, 8atr|azaacenaphth | ene-3 , 8-di one;
{ ,%9%
di
2

i
[
[
t
{
di
0

3 chl or 62R):- 24k H{3.6 eri%ypyrﬁéélmgmthalihq%y}d -ppgehndimgthylldednyl 3 -1, 2-
dro-3 8- di
U?[(?.@’%ﬁ%!* f{ﬁ??ﬁ DERRFTHARRLINC SRa8e* 2 ety k 1

[

[

é di hydr o- 3H, 8H2a, 5, 8a- trlazaacenaphthylenc 3, 8- dlone
2-[(4- 5-b - thyl d Cneth | k|

2 i nydr Q2RRO ST G hlore P Gidas rispnpryraisindlraaf Giainol prperding
2- [ (4- H(@n&l‘i‘} N §1h9&[1fo'ﬁ@ﬂ%,@é’ﬂa@%d&ﬁ&pl&hﬂé&%BQiﬁ&béOTEt hyl]-1, 2-di hydro

- 3H, 8H2a, 5, 8a- ?rlazaacenaphthy I'ene- 3, 8-di on
2 [ (4-{[(3-fluoro-4- nethylphenndethyI]anlno} -1 -piperidinyl)rnethylk

4 df':c Pﬁgkgﬁﬁ\gﬁ%)z{iﬂe [hﬁﬂf%éﬂdﬁ 2F AR IR i oSt Wiy 2l (4 T L(3

f1- - | 3, 8-di
P I AR S e TR

-pi peridinyl [nmethyl |

di hydr o- 3H h )
a6 Lur 1 GO BT 2ty ?Z@- S N A O T L
, 2- di h yebtioyIBH, ﬁ&ﬂ@m&@aml&md&b@m Gﬁﬁplhg-lﬂapﬁthﬁlfdlﬁe- S&digh@ne
hydrochloride; (29)-2-[(4- {[(3,4-dichlorophenyO nethyl]am no
1- pi peridi nyernethyl] -1, 2-di hydro3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di o

ne; (29)- ( ne oD R R B Kl 12-
am no) - 1- 3}%%rigtﬂ& ]%ﬁi§n%%&g?P%?%%%p%@gﬁ%%ﬂ?ﬁ@%& ﬂB&QM&nﬂyﬂdhﬂ]lg

, 8a- t ri azadoelnapHtIH enezd 1,28-d]-1 SrephByabinodgd-Biong] ( 1-

[ (1R) - 4, 9-di oxo0-1, 2-di hydro-4H, 9Him dazo [1,2,3-ij]- 1,8-naphthyrid in-1
-yl inmethyl, 1- 4- pi peri di nyl )am nol net hyl }-2-pyridinecarbonitrile;

3-chl oro- - -
LR, o MR oK AL (L ghigrogs ety pyridimy it laming L plpeidinyt et L35
- 4- pi per i dibygdrg- él'h%}mnﬂezd{ﬂfﬁ ¥ij}-28mpphdhyridimardsddionei | e di hydrochl ori de;
(2R)-2-[(4- [(5-bromp-6-nmethyl-3-pyridinyl)nmethyl]amno 1 -1 -pip
eridinyl) nmethyl]-1 ,2-

di hydro- 3H, 8H- 2a, 5, 8a-tri azaacenapht §4 ene- 3, 8-di one; 2-[(4-

[ (5-fluoro-6-nethyl-3-pyridinyenethyliamno 1 -1 -piperidinyOrethyl]-1, 2-
di hydro-3H,8H 2a,5 , 8a-tri azaacenapht hyl ene-3 ,8-d ione; (2S)-2-[(4-
{[(5-chl oro-6-methy]-3-pyridinyl) methyl amno} - 1 -piperidinyl)nmethyll-1



(1R)-1- [4-( f [3-chloro-4-(hydroxynethyl)phcnyl] net hyl
m no) - 1- pi peridinyl]Jmethyl - 1,2-d ihydro-4H 9Himd azo
,2,3-1j]-1, 8-napht hyridi ne-4,9-d ione; 3-chloro-5- {[(1 -
(2R) - 3, 8-di oxo- 1 ,2-dihydro-3H, 8H 2a, 5, 8a-tri azaacenapht hyl en-2-
imethyll -4-pip cridinyl)am noinethyl -2-pyridinecarbonitrilc
hydrochl oridc; (2R)-2-[(4-{[(5, 6-dichl oro-3-pyridi nyOret hyl ] am no} -
pi peridinyl)nmethyl]-1,2- di h ydro-3H, 8H 2a,5,8a-tri azaacenaphth yl en

, 8-dioggy (2R)-2-{[4-(f[5-chloro-6-(hydroxynethyl)-3-pyridinyl]nmethyl}
m no) - 1- pi_per | di nyl t hyl. -1 . .
, 2-di hydr&RS%,'@&F(%Z%‘?‘gﬁ:‘{lﬁpgg‘?ﬂ%ﬂ]@(aFﬁ‘WfdéWélnﬁ‘?ﬂ@ll})‘?lBlﬁ@'1‘( 2-chloro-4- ([0 -
f[ (1R) - 4, SipdidixdinetRylgH1tRy dihedrd 3 D EH2ai5ckazieiafabcéhaBhthylede-1,88Hone
napht hyrig; %&1 met hyl } -4-piperidinyeam no]net hyl | phenyOnet hyl acet at e;
(1 R-1 ij H{ ~chloro-6-(1 -hydroxyethyl )-3-pyridinyl 'nethyl am no)-
1 -piperidinyl] methyl) -1,2-dihydro-4H 9Him dazo [1, 2, 3-i
j 1- 1, 8- napht hyryicofmpdutd 6H 038 12(wthif 1s (i—R)—l-[jI:-{[(5_-chloro—6—methyl-3-

. |a. 2

-[(4-{[(6-chloro-5-net hyl.- 3-pyr.i dazi n t m -1 .

- pi peri di Bl ‘H@FFF?& n&%bf’-})ﬁ%ﬂﬁlﬂ%ﬁ%ﬁﬁﬁﬂ lf‘?‘“dg*géH[m’ida,z%[}szﬁ'}J]‘l’81

, 8- napht hyaphthgiidime4, Ddighene;

(1R -1-[(4-{[(6-chl oro-5-net hyl-3-pyridi nyOrethylJam no} - 1-p ip eridinyl)
methyl]- 1,2- di h ydro-4H 9Him dazo £ 1.,2,3-ij]- 1 ,8-na§hthyri

di ne- 4, 9- m.one;Theé_:ﬁ@pound of claim 12 which is (2R)-2-[(4-{[(5-chloro-6-methyl-3-

(2R) - 2- { [ Byr(didyBymmee ynahr o1 t-pipktigiayometby! 1)2-3hpdioi 3, Bl darsegahyl | anmi no) - 1-

pi peri di nl?ﬁ iarget h&{f-lth_- é‘cﬂ%é’r o- 3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di on
e hydr ochiF3FiAg@ Pyl 8 daIs s und of claim 12 which is

(1R -1-[(4-{[(5-chl oro-6-nethyl-3- pyridinyl)methyl ] am no}

napht by | 1 2 5 Jh By ot RIENALIs Lk ) T RERG ((didyuldnge L, ©

(2R) - 2-] (mlﬁqﬂwyé}a&zleeh‘épmd@yﬁﬁﬁ%ﬁrh%ﬂ)h%fé{%ﬁféﬁ%%zof]lﬁ-lll-1,8~

- pi peri di mphihyadiaygl4o-dioRe.di hydro - 3H, 8H 2 a, 5, 8atri azaacenapht hyl ene- 3
,8-dione. 15. The conpound of claim12 which is (1R -1-{[4-(
f[6-(trifluoronethyl)-3- pyridinyl]nmethyl am no)-1-piperidinyl]nethyl

-1, 2- di hyHto- 4H phrmasepsisg[composiipn pomprgingregermnioppd of ¢aimyl.gndppper moreg, A
phar maceUﬁﬂaﬁahceaﬁm?sli:@eip%w:@mﬂéris,%mgieﬂtsco@anﬁ&m of claim1, and one or
nore phai maceutically acceptable carriers, excipients or diluents. 17. A
conmpound of claim1l for use in therapy. 18. A conpound of claim1l1, for use
in the trEat nem cafipsumber clalrodifer usa imteraplys. 19. The use of a conpound of
claim1l, in the manufacture of a nedicanent for use in the treatnent of
tuberculosis in mammals. = 20. A pharmaceutical conposjtion conprising a
conpound b cl aﬁﬁ’i’@i’ou&ﬁd’fﬁﬁénérfoﬁﬂ?eemﬁ]l‘f‘a?'m%‘lhogE@Ficyloé’éé‘é’&ﬁéﬁ}aé&carri er,
exci pient or diluent, for use in the treatnment of tuberculosis in mamals.

et Dropgse [l jRE SPALIIG A CPIRANAT, e Sl Al W) GlbaRaTBLA B PRIH
reacti on etween an am ne Qo'rrpoun 0 or nul a f an a comnpoun 0
For nul a (ihgBpatment ofitubgeulosis in mayNalg. zi 72 (1A wherein Zi, z2, U,

R5 and R6 and n are as defined in Fornula (1), and Wis an al dehyde nvoiety

-CH=0, thg reaction being a reductive am nation reglcl;i on, . or Wis a
br ormonet hid: rmi%??“—n@,‘?-@.h | composition comprising a compound of claim 1, and one or more

pharmaceutically acceptable carrier, excipient or diluent, for use in the treatment of

_— =R

tuberculosis in mammals,

21. A process for preparing a compound of claim 1 which comprises the reaction

between an amine compound of Formula (IIA) and a compound of Formula (I11B):
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N i ~
rAlN 4 (R®),

1) (1IB)

wherein Z!, Z?, U, R’ and R® and n arc as defined in Formula (I), and W is an
aldehyde moiety ~CH=0, the reaction being a reductive amination reaction, or W is a

bromomethyl moiety —CH,.Br.
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