TRI CYCLI C NI TROGEN CONTAI NI NG COVPOUNDS AND THEI R USE
AS ANTI BACTERI ALS Field of the invention Thi s
WO pventizen rel ates to conpounds, conpositions PCT/EP2009/056177
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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, WO2006038172, W0O2006046552,
W02006099884, W0O2006105289, W0O2006081178, WO2006081182, W0O2006134378,
WO 2006137485, W0O2007016610, WO2007081597, W0O2007071936, W0O2007115947,
W02007118130, W0O2007122258, W0O2007138974, 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
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In one enbodi nent of the invention nis 1 and R5 and
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The invention still further prov1des the use of a compound of Formula (1), or a
pharmaceutically acceptable salt or N-oxide thereof, in the manufacture of a medicament
for use in the treatment of bacterial infections in mammals, particularly in man.

The invention also provides a pharmaceutical composition comprising a
compound of Formula (I), or a pharmaceutically acceptable salt or N-oxide thereof, and
one or more pharmaceutically acceptable carriers, excipients or diluents, for use in the
treatment of tuberculosis in mammals, particularly in man.

The invention also provides a pharmaceutical composition comprising a
compound of Formula (I), or a pharmaceutically acceptable salt or N-oxide thereof, and
one or more pharmaceutically acceptable carriers, excipients or diluents, for use in the
treatment of bacterial infections in mammals, particularly in man.

In one embodiment of the invention, U represents a group selected from: phenyl,
pyridyl, pyridazinyl, pyrimidinyl, thienyl, thiazolyl, or thiophenyl. In another
embodiment, U represents a group selected from: phenyl, pyridyl, pyridazinyl, thiazolyl,
and thiophenyl.

In one embodiment of the invention, when n =0, R’ represents CF3, OCF3, Cl,

Br, or NO,.
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-pyridinyl)methyl] amno 1 -1 -piperidinyl)nethyl] -1
, 2- di hydro-3H,8H 2a,5 ,8 a-triazaacenapht hyl ene-3 , 8
(IR;L 10M18: {[(52Pord=4- {n@fhyl 1) pyrldlnyl)rnethyl]armno} 1 plperldln D)methyl]-1,2-
(5-chl oro-6-neth g ridiny f
di mdq@ A PHrimyiflgzebt, %m] L napmhMmcyé;%dlgm 8H- 2a 5 8
a-triazaacenapht hyl ene-3 ,8 -dione; (1R)- [(4
{[(6-et hyl-5-fl uoro-3- pyrldlnyl)nethyl] an1no}

(1 Llp[f(m{cpqsndﬂlaror@hiémyl 3 psmlamymn&nqqpnﬂmpﬂpnpmda@gmethyu 1,2-
napht hyri di ne- 4, 9- di one; R) -

@&V@@iH{SF% %?%ﬁﬁﬁémﬁﬁ%ﬂvqﬂgkib§ﬁ@§ﬁnyl)nethyl]anlno 1
-pip eridinyl)nmethyl]-1,2- dihydro-3 H 8H2a,5 ,8
a-triazaacenaphthylene-s ,8 -di one hydrochl ori de;
(ICRJ)R%E[%({[({ (tflﬂuérofneﬂﬁll)u@-lpbrgdlﬁyll]r]nethyl} rallrnln}}o) 1- p1pe;1d1nyl]rnethyl}-l,2-
6 r oxy In met hy am no
dlﬁwgr@r‘iv%P 1,{1}”5@{ h%ﬁ}u] IySJmht iBe-4-GPPS: ni dazo |
1,2,3 -ij]-1, 8-naphthyridine-4,9-dione; 2-
{[4 ({[4 nethyl 3- (nethyloxy)phenyl]nethyl}
am no) - 1-pi peridinyl]nmethyl} -1,2- dihydro-3 H, 8H 2a,5
, 8 a-triazaacenaphthylene-3 ,8 -dione; (1R- 1 -[(4- {
[ (5 -chloro-6-ethyl - pyridinyl)nethyl]anino 1-1
plperldlnyl)nethyl] 1 - di hydro-4H,9Him dazo [1, 2,3
ij]-1, 8- naphthyrldlne 4,9-dione; (1R - 1-
{[4 ({[6-(Trifluoromethyl)-3-pyridinyl]nethyl} am no)-
1 -pip eridinyl]nmethyl} - 1,2-dihydro-4H 9H i m dazo [



The term "conpounds of the invention" as used herein
means a conpound of Fornmula (1) or a pharmaceutically
waewepsas e salt or N-oxide thereof. The termPEI/EP2009/056177
conpound of the invention" neans any one of the
conmpounds of the invention as defi ned above.
Furt her it will to d. that phrase
(% @fé@uﬂaorameﬁtyﬂhﬁwaﬂ iny e 1aﬁatwﬂcgm€tl@awﬁvethyl} 1,2-
dﬂﬁ&mmhezasm -tz dbcRIey1Les 8Qfioncor " compounds of
e invention" are intended to enconpass the conpound
of Formula (1), a pharnmaceutically acceptable salt or

RS g Bt BB 2SS LEr i S By sy 1 2
d1 dp0EIH 8H-THOR84-trilizhd ddBa RT3, 8skesheher e for
lustrative pur pose, "a conpound of Formula (1) or a

pharnaceutlcally acceptabl e salt or N-oxide thereof’

bl R R R T G P R D N R
dibdiokd 18,9 ki 8ez0oMRY, 3 Hicl, &iaeptah i Kheid ©-dibn conpound of

Formula (1) and a salt of a conmpound of Formula (I).
It will be further appreciated that all crystalline

far t f
e e S RS 2 R R P R RN
diﬁlgdlh»e4H\ﬂ9HFmrmdztzlo{el 23apel, &hapﬂthzyttﬂm@éﬁtdloment i on.

Unl ess ot herw se specified (for exanple when the

absol ute stereochem stry is shown), for conpounds of
2H@ﬁ{K§8§ﬂ&b@9l%@&ﬁ&m@ﬁﬁéﬁ%ﬂ@ﬁnﬁhefE@@ﬁ&&&ﬁﬁw&&ﬂtMN&H}mo-

therefore fofmenantioners, conmpound cont'ai ns
3151 SH 2a A {tir@achaphylchoASrdiond; . e. a racemic mi xture

of enantioners. These nmay be separated using

conventi onal techniques such as chiral HPLC.
2$@rrﬁ(96 dﬁd]ﬁorﬁfﬂwmﬂﬁ)rﬁéth?lﬂﬁrﬁmb M efipériinyThicthfl]-1,2-dihydro-

r stallised or recrystallised rontsolvents such as
su 8. Sandazgperanpiihylens,d8tdongn such cases sol vates
nay be fornmed. This invention includes withinits

scope stoichionetric solvates including hydrates as
24/{/{34 t{[d&htwdsrﬁ c(ufﬂél,ﬁbr@maﬂhgti)pﬂdﬁgl]mﬂiya}lahﬁrrl]@nbpipbﬁdm@d]mtt@t} -1,2-

at ma roduced by processes such as
dthyérﬁhﬁgéla%q gﬁa -triazaacenaphthylenea3, §‘r‘iiéonc?orrpounds of

Forrmula (I) are intended for use in pharmaceutica

conpositions it will readily be understood that in
2 {4 {[ 64irehuoeorhably 8 Aiysideneyl acthydronajddpiperidinyl jmethyl } -1,2-

e ARt bRy gt ke "ana par i cul ar

at Ieast 85% especially at |least 98% pure (% are on a
ght for weight basis). Inpure preparations of the

(ldz?dnlp{)[léiﬂ(c{é6 ﬁaﬂu@@n@ﬁe@) $1pwn®azerpé]m¢t@yl dreingpl eijpaudenyl Jmethyl } -

u [ onppsitions; these
e T L e S S e A T e
at least 1% nore suitably at |east 5% and nore
particularly from 10 to 59% of a congound of Fornul a
9

2({[6 (df- (ﬁﬁhwrm%@byloéamwrw&wmbmn I pipsridpeydbapedleylf-1,2-
t abl lts of
AEoS L St 20 8o DR ARR AR L AGEEPL 2%, G a1 o

or quaternary annnnluntsalts for exanple their salts

ith m neral ac ds _e.g. drochl orj ¢ hydrobri ﬁll}lz
y -

25 (A-pHordriluerqrpgt bylop Rty emiag)- 1 gipesidgy
diRGUdSIH 8HODa 9§@tﬂaeaacfeﬁamﬁﬁenesy§%&te mel eic, citric,
nzoi ¢, p-toluenesul phoni‘c, met hanesul phoni c,

naphthalenesulphonic acid or tartaric acids. In one
aspect of the invention, the salt of a conpound of
Formula (I) is the hydrochloride salt. In another
aspect, the salt of a conmpound of Formula (1) is the
di hydrochl ori de salt. Compounds of Fornula (1) nay
al so be prepared as the N-oxide. The invention extends
to all such salts and N-OX|des Cbnpound Preparation

. . o a1



(a) 2-am no-1, 3-propanediol (b) 2,2-dinmethoxypropane,
p-tol uenesul fonic acid (c) hydrogen,

W@20obaeizosn char coal (d) ethyl bronpacetate, K2BUBEP2)I/N56177
sodi um hydride (f) benzyl chloroformate (g) aqueous
acid (h) nethane sul phonic anhydride (i) hydrogen,

Il adi um charcoal  (j) MO02 (k). .. .
2§00 NP eHE e SRR oI et Rl s bR A
24684 itRazhadndpIRNABSe-3,8-dione; Réaction of nitropyridine
(1) W th 2-am no-1, 3-propanedi ol affords diol (2)
which is protected as acetal (3). Reduction of the

204 G- Slpuipr P e TSt e ik nfthiy 2y e -
2@9,@hiﬂﬁaﬂay@8hhﬁ§{ﬁh§1@negg,gem&@. This is protected with a

car boxybenzyl (CBz) group (7) then cleaved to give the
diol (8). Cyclisation with nethanesul phoni c anhydri de

2L R e A DSR2
AP 256 S8e{ttidaacdndehtbylees 3 Bhdokey di one internedi ate

nmesylate (11). The order of steps may be changed to go
via (7a). Reaction of nesylate (11) with

Sl e SR R i Sl R
JHfSHGRd S, Sdesazaectnephthpomd 3 Gfdidior; nul a (1 A) .
Reaction with an al dehyde of Formula (JIB) may be
carried out in the presence of NaBH(OAc)3 to yield the
2%@%@3{%1@&&@5%11&&@1]amino}-1-pﬁbérﬁﬁm}nhé{§;|yl¥-1 2-dihydro-3H,8H-
enantiomerical |y ‘pure conpounds of Formula (ITA) in
2pbiSettriazpa¢enagtthdonk-Z.8-digndN coul d be al so obt ai ned by
preparing the chiral nesylate internediate in an
enantionerically pure formas depicted in Schene (Ia)

mgl-pp(\é-claﬁhﬁmne(tﬂ;ﬁ)s-pﬁr&)inﬁmahﬁlq zﬁﬁinu}u-lﬁpe)ridT@C%h%lg ;1)2-

Zinc, acetic acid, (d) et ronpacet at e,
dikgidio-1H S HR3pat. Styeinzagsenanhdiiencchardewwt , (g) M02, (h)
nmet hanesul foni ¢ anhydride (i) TFA, (j) methanesulfonic
anhydri de or benzenesul fonyl chloride. React i on
2G14-P{ e Hlteifl ooBmictiB oy VIpkiy)yl Anethyhapinol-dipheeridinyh) rakthylad1 2-
am ne Fé%%‘ ives internedi ate (3%. .Protection of (3)

diyie-3 -93-tgzazecAsnghylsnechPsiense gi ves (4).
Reduction of the nitro group gives amne (5), which is
al kylated to yield ester (6). Cyclisation of (6)

2dgh( § ¢-(efffuecirecthyiihen glhaethyd agndrd ) depipaddih pigmethy g at, Brelnttydro-
i hydr ogen over pal | adj.um charcoal catal yst gives
3&%?%&?‘5‘?@“?%@%@?@%‘%’gﬁfll%leéh manganese (I1) oxide

and treatnment w th methanesul fonic anhydri de gives
‘%8 . This internedi ate can be gsvgrotected with TFA to
2¢{4rd(

{-byoneapdien daroetbu Janinh ; rreniberrasylihethyld- ahdisidioc 8 H-
b ) | f hl QL t ' 10
2R Gt an g i ebfpound. The mesylate or

benzenesul fonate (10) fornmed may then be converted to
the amne of Fornmula (Ha) and finally to the target

2ol oesthlt T mehmefbrirainpy | crimestd mdametBy 4112
P | ds in which Z1 i
e T A Vi

hydr ogen, pall adi unf charcoal (c) ethyl bronpacetate,
C3x3 (d tassiumtert-butoxide (e). CBzOd (f) NaH
(](}lgé) 1- aft &&830_@ 1Cﬁ]@§%h§pg)rp@tjly]m1’no hd aélp %I]Lglnyl)rnetgyl)] -1,2-dihydro-
2 Nﬁ@gﬁéﬂ-{g’gﬁi&g’grﬁgw@?‘;ﬁhﬁgfpﬂ?g?’i di ne, pyridine (j)
hydr ogen, pall adi unicharcoal then M02 (k) HCl in
1, 4- di oxane. Reaction of nitropyridine (1) with
amoni a affords nitro-pyridine (2) which is reduced to
bis-aniline (3). Alkylatiowith ethyl bronpacetate
foll owed by cyclisation with potassiumtert-butoxide
gives (5). This is protected with a carboxybenzyl
group to give (6) which can then be reacted with

o o R N o,



Salt fornms of conpounds of Formula (I) and (1A), e.g.

hydr ochl ori des nay be forned by treatnent of the
w@orpespondi ng free bases with an acid such asPCT/EP2009/056177

hydrochloric acid, or formation of the conmpounds in

the presence of such an acid. Many appropriate

S HHA%GPD shaicRe il MG R s ggggﬁtsgpﬁi I-
yﬁmmgemb DR gAY A cBYHL 5By Dt i ditBBh @il

pr epar ed "anal ogousSl'y to Knowi conpounds. ee
for exanpl e W02/ 08224, Vw02/50061 W02/ 56882,

b e S

40RO AR5 -AD2H04Q4 1MR20R403982, W2002050036,
2004058144, \W2004087145, W06002047, W06014580,

W06010040, W06017326, WO06012396, W06137485,

250400, WORGERDER, A SETREE g0 v

3HI[HBLNABh GRSk plitheEbhs 3 Sudibnas R2, R5, R6 etc. will

be apparent to those skilled in the art. Furt her

details for the preparation of conpounds of Fornul a
2&%%%@{g?&%%?SEWHﬂ&HQh$ﬂe an?qdégterlaﬁhaﬁ %thymD:HLSH
2ah8httudrancnbpithyompdBrtdencaccor di ng to the |nvention

may be fornulated for administration in any conveni ent

way for use in human or veterinary nedicine, by
2Rl [egy- Mlﬂ&oﬁﬁéﬁ?_enéﬂ{ﬂ]ﬁﬁﬁﬁcﬁﬁ lp%nﬁfnyﬁﬁlte{ﬂy‘lﬂbﬁﬁia%ﬂ&o 3H,8H-

conpounds rmaceuti cal c¢onpositions o
2%héaﬁnw@ﬂﬁm@wﬁhﬁQMU&é(hmmse in a formadapted for

oral, topical or parenteral use and may be used for

the treatnent of bacterial infection or infection with
2%& goaehierd- vmthiaa@ts‘-yl)@@ﬂ@l]mlﬂmmtpip%nalﬁgl)ﬂl@th@q 1,2- dlhydro-

humans. he conposition may be fornul ated fo

3HH-A §18ﬁ-é1t1@7@h0®%1§hyleﬁi%é18edlg¢ﬁar opriate to

anti bacterial and/or antitubercul ar therapy. The

conpositions may be in the formof tablets, capsules,
2-pemdes-aitrophand)neshyl|azieoge pipeideampnayl]-i ledllﬁydro 3H,8H-2a,5,8a-

preparations, such as oral or sterile parentera

“5%?%??%W@W$ﬁm§%%ﬁéﬁ§1ons The t opi ca

formul ati ons of the present invention may be presented

as, for instance, ointnents, creans or |otions, eye

2dihtiienhbradd meteylory)genydmothy] } anmo)elgpiptedingl esthiyhig 5,2-

T SR A R e A D C At ont & (o mesist

drug penetration and enollients in ointnents and

creans. The fornul ations may al so contain
24 enfl3-bsineo-ganyvid Doyl leaning jet-pipesidity ansthyl Je hArdolrydro-3H,8H-

t ment bas h nol or ol eyl alcohol for
2?%3 8ﬂ%mw§ﬂgﬁ§%%9??g’ "My be present as from about 1%
up to about 98% of the formulation. Mdre usually they
wi || forn1ug to about 80% of the formulation

24tk HH9-Reanemd-pygdinghaicthadieminest HainegdingRinetiyl |- b lpidgo-3H.8H-
2?9%’&&111%%%56%%1%%16 53%3({}3&@ es in unit dose presentation

contai’n conventional excipients such as
bi ndi ng agents, for exanple syrup, acacia, gelatin,
ito t ragacan or. pol V|nylp r one
21{3'1? ‘Iﬂoms% péfsagwb@erhézél@@é %H@’S?“yimbfﬁ gwgrfa%@wydro 3H,8H-
z@@'ggItﬂﬁag&%@hﬁﬂ@neégrﬁbﬁ@' or glycine; tabletting
‘ubricants or’ exanpl e magnesi um stearate, talc,
pol yet hyl ene glycol or silica; disintegrants, for
exanpl e potato starch; or acceptable wetting agents
such as sodium |l auryl sul phate. The tablets may be
coated according to nethods well known in nornal
phar maceutical practice. Forrmul ati ons for ora
adm nistration may also be in liquid form for exanple
|n the forn1of ~agueous or 0|Iy suspen3|ons solutlons

e




The conpound of Fornula (1) may be the sole

t herapeutic agent in the conpositions of the invention
wW@er009/1¢630%i nati on with one or nore ot her anti bBCT/BP1089/056177

and/ or antitubercular conmpound. If the other

anti bacterial is a 13-lactamthen a 13- | actanmase

2&@‘%@ ﬁuf)ﬁ% #&@ﬁﬁ% B@n@@ﬁémm}tlh@pﬁ?g@?ﬁ@ﬁg&%@f% dihydro-

3ﬁ@§i§£5%htﬁﬁ%ﬁ&%hﬂﬁﬁ%ﬁﬁ#§%Qh&%:a wi de range of
or gani’sms i ncl udi hg both”'Gram negative and

Gram positive organi sns. Sonme conpounds of Formula (1)

2B YEE 42 YRR R Bt BB T A
24 Ra ptidab catpRPlend-PLIGHag but not linited to patents

and patent applications, cited in this specification
are herein incorporated by reference as if each

R BB R Y5 Gt RS SR B crdinamstnyts -1 2-
dihgd®-3H 8H-2d8)8gbridzbd deyarsetiyl e 3,B-dione; The fol | ow ng
Exanples illustrate the preparation of certain
conpounds of Forrmula (1) and the activity of certain
r o)
P e S ALy R TR b B, PR T mernyy-1.2
dlﬂlybl@Fﬁﬂj,BHSIaSS 8 E=xrdarpd cesapdutity] Ercp B idierethgdrotbloree) at i ons
used herein: AcOHacetic acid Ae20acetic anhydride
Bnbenzyl BOCN-tert - but oxycarbonyl BOC
%gj?yﬁﬂ{ Q. d&ﬁ&op‘ﬁb‘ﬁ}){ m&hﬁ?ﬁ’nﬁﬁﬂﬁq %)1@?%[1\@ gﬁ 14 I 4iBydro-
zcar bobenzyl Celite(r)a filter aid corpose
3Héﬁﬂ2mé§héuwﬁaamewﬁhﬁoms3§Hhm@a, (a trademark of
Manvil |l e Corp., Denver, Col orado)
CF3TMS(trifluoronethyl)trinethylsilane
fudioneth i l@PrﬂBﬂh Bfino)-1-piperidinyl Jmethyl}-1,2-
(%{[W&gfmﬁﬁi ‘S’g)wcb?ﬂi’c'l v hg )-1-pip ny] yli-

loro-5,6 ano- 1, 4- benzoqui none (a
didydieattl.2Ht 70 84- éfa?@é%ﬂe)laﬂblﬂB’A‘Enel-ﬁ&Wut yl al umi ni um
hydri de DMFdi net hyl f or mam de DMSO- d6deut er at ed
di met hyl sul f oxi de DVBCQdi et hyl sul f oxi de ES
3bRkr@St i ds A BR)-ARsko:3pE L idilofes Ui, ﬁ{%ﬁﬁtﬂm 3-ij]-1,8-naphthyridin-
Et OHet hanol Et3Ntr|ethyIan1ne hhour s

Lytlstyd -3 gnpeduppponon losewt 72 rméme@ﬁbg@ml@»r mance

l'iquid chromat ography LCMSIiquid chromat ography mass
spectroscopy MeOHnmet hanol MP-car bonat emacr opor ous

3 chloet-Byi[ ERTIOR P ristoy |, @@iiW@LﬁHﬁﬁH{Mtdam{aﬁé-(iN Femmpbithyridin-

Technol ogi e tha ony Vesyl e .
G0 CAET 58 T B B G o B AR tbonigale Hisgdigghloride;
pyrrolidone (solvent) NVRnucl ear magnetic resonance

spect r oscopy
(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) methyl]amino } -1-piperidinyl)methyl]-1,2-
dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione;

10



AcOacet oxy Pd/ Cpal | adi um on car bon cat al yst
Pd2(dba) 3tri s- (di benxyl i deneacet one) di pall adi um
WO 2eooom3penper at ure SCX Cartridgeis an i on excPErgr2009/056177
col um contai ni ng strong cati on exchange resin
(benzene sul fonic acid) supplied by Varian, USA

G et loient pyd zsti{r'easria@t B rpipenay) meihyl]-12-

dihbroe i afyidtiaf At an 3 yull & @it fline-4,9-diofd; 0t on nucl ear
nagnetlc resonance spectra wer e recorded, and

chem cal shifts are reported in parts per ntlllon (6)
ie from he| ern ta dard .t et r anet
BT RGR P TGt bR amih 86 A D12

dibly L B SHD 775 QQHMzﬁéoeniphﬂl}tléﬂem 8ldiord hgdﬂjéﬁrotrﬁ%,, m =
nultlplet dd = doubl et of doublets = doubl et of

triplets, app = apparent br broad. Mass spectra

(IV'@E]}? Hg (ggﬁs Qlﬁgjolu g%rgl Etﬁlg@% a@h(ﬁt{%ﬁimte&ln }Za%{ taognl By e%erldlnyl]

meehiyl - gQaﬂEydro 4H 9H-@§11d/&tzbﬂl DB dengphagdiding-4 heh&ie; Il ed
chem st, references to preparations carried out in a
simlar nmanner to, or by the general nethod of, other

T

2 DLERATAY % PN BRPATBRIEAEL B EIS hf HE R 1.2

dihgdidi-3H 8 HS2a, B ararazedr@ngeshylencr B &gldote; anount s et c.
Reactions involving nmetal hydrides including Iithium
hydride, lithium alum nium hydride,

(- ﬁ@gﬂsyé@&am By ByAdingome M dbindRaing Q-1

bor o i de and sodiumtriacetoxyborohyd
dﬂ:ladnor‘&dlﬁthtmdrw& 2,éfujolnS-naphthyrldlne-ﬂﬁedlelxqaer | nent al

Exanpl es bel ow, preparation of the conpounds tabul ated

as Examples 1, 2, 9, 11, 12, 17, 51, 59, 60, 71 and 75
(1R)El - p[r4e(qgr1(ﬁdhaﬁorhanmsewraﬁmytpnaﬁylgcaﬁﬁpmqﬁpafdutﬁ]rﬁethyl}

i nvention and of the various preparative schenes
1 Zedilpydred Y tiapdaizal 1. 38niif H - napdhysidingst. 8fdiangdrydrogbleriden
prepared by anal ogous routes are listed in Table 1.
Exanpl e 1 Conmpound: Synt hesis of
(1(R3)RH[11 d{[%ﬂtetwﬁgqhﬁf?l{@ortﬁaﬂi?l) hybyﬁglmgﬂgtediy%i%lﬁei ﬂtaﬁéﬂerldmyl]
eridin me [ ro- i m dazo
H{eﬁlyt} %2 41§>]d?q-4é1a%%nr4r§9 o %réll 4, Sonaphgnsidingot st i de,
usi ng Preparative Schene (3) (a)
2, 2- Di net hyl - N[ 6- ( net hyl oxy) - 2- pyri di nyl | pr opanam de
(IR)slu$[deri 55-bronaf- 64(triﬂmetdmdth1yi§eﬁaryhd@y¢]h&tl@8} agnind)?8- 744

pl@irlgf%gl]ﬁtet%%bé cﬁfmﬂz rq- 4%}19(}—% }dl%aﬁ&?? -1j7-1 SPSa%gql%)dgleAﬁ-dione;

(4, 5- bi s(di phenyl phosphi no) -9, 9-di et hyl xant hene)
(1.880 g, 3.249 nmmol) in dry, degassed 1,4- dioxane
(1R 010 { [t O [ it evo-&f rbmdrpas- 1 soethplgthert)- F-oyridinglfmpthgHdmineen -

P b s P A S R iy s -dione

reflux for 24 h The m xture was evaporated, treated
W th water and extracted 3x DCM (1L and then 2x
(15%)01 t(ﬂ){[(STIPq@r@ﬁglaﬁthzzk3Wélnat)n@alyur@s@)1-pwaé@watr@alyl] 1,2-

4 6 trol eum et her
d@ﬂ ‘gﬁggﬂkgg%ﬁgggﬁq]5p8£V@ﬁ% e ggﬁ%%%%d as a yell ow
solid (25.191 g, 121.111 mmol, 75% . Inpure fractions

| d (el ab
BT TR R WG A L —,

b
l%%{%ldrgaﬂ\@([#gﬁcﬁyﬁoxyg EI\@j[pyr | d?@md]n{e} 2 de r?et hyl pr opan

am de A sol ution of

2, 2-di net hyl - N-[ 6- (et hyl oxy) - 2- pyri di nyl ] pr opanamni de
(55.011 g, 264.467 mml) in THF (450 M) in a three
necked 1L flask with an intiernal thernoneter under
argon was cooled to -78 C and treated with n-butyl
[ithium (232 m, 581.847 mml) over 15 m nutes and
then allomed to marntto OC and stirred at OC for 7 h

o " o o o —~ o~ T 1



m xture was extracted with DCM (3 x 500 nl). The
conbi ned organi c sol vents were then dried (MgSO4),
WO pdova#88s evaporated to give the crude produckCT/EES09/056177
M5] mz 235 (MH, 100%.
f15)-1- (Hydroxynethyl)-1, 2,5, 6- tetrahydro 4H, 9H i m daz

3 §8{0m % {i(l [](2R) 3, g dioxo aPEt yrdllrod ! eSIi1 2a, 5d8|a trlazaacenaphthyﬁn 2-

m! h 1 m 1 a’ TT ’
TR SRR

(20 M) under argon vvas heat ed to 120C for 6 h

(ﬁ%g&o@@\é@ﬁﬁ%n Y50 g&@@ml% e Ha@ Syl 2-

dih3$D- 3,8 H33%8 Sa-ErEaﬁaé\@]laﬂHﬂZ 1818 Mdtone100%) .

ternatlvely the reaction can be heated with
m crowave power at 160C for 40 mins. (h)

- Di h
Ry ET RSyl aborymethyl)-3-perding mathyy amine)- L-pinpriginy1
m3thiyj §-1,2- cﬁhy&t-r&@lﬂhﬂm-)mﬁcﬂantﬂazaalc&ﬁ'@hfhyle}le 348-piope;

eridi nyl)carb amat e. A sol ution of
(15)-1-(hydroxynmet hyl )-1, 2,5, 6-tetrahydro-4H, 9H i m daz

g e Ly e i
(Getigrort 3 Iimbea BRRRNY i ghREd o S8R {23001 &
naptlﬁa&ieldh-ww]tneﬂtﬁN4(p|ipétﬁﬁnyt)a,mlﬁﬁ)]nﬂ@hyt}mie)lylanndthtrhmtate
nmet hanesul fonyl chloride (0.743 m, 9.54 mol) and
then allowed to warmto rt and stirred at rt for 1 h.

(ﬂi}el-([ﬂa(c{f\la&ﬂom-&g}lh%f&@%tﬁﬁ?ﬁ R P iRt 11 3 Reldinyi)

aqueous and the m Xture 'was extract
mmlwh}-D@MIKlﬁm—4m{ﬂmﬂaZG[He2 Mﬂrﬂt&ae@hdrygldme& Sdiorent s
were then dried (My504), filtered, evaporated to give
the crude internediate [(25)-4, 9-di oxo-

(I-R)Zl, §4 ﬁ t(ﬂ’ﬁﬂﬁt@th‘}zﬂs@Slrlkiﬁilﬂﬂﬁrﬁéth}lr_@arﬁmg}Jlrlﬁpﬂ@cﬁﬂﬁlbhﬂéﬂhyl] 1,2-
ne

di n- 2- nmet hanesul f onat e his was di ssol ved
dllhﬁdl@r qut)b2 Atl)]- béraapiibyridineddediong:t h pyri di ne
(1.402 m 17.34 mmol ) and 1, 1-di net hyl et hyl
4- pi per i di nyl carbamate (3.47 g, 17.34 mmol) and heat ed
(1&)- 7€ {f @ chddroks- méﬂiyﬁ@ p%f@ldhlym&lyl]aﬂmﬂcb}n%ipehdtdyy)l méthyl]-1,2-
[ er| di nyl car bamat e % 17.34 mmol ) and pyridi ne
dl!(f‘I ot AH-imigazghl, 2, J])l &@?Ieh Be-47d1PHe t enper at ur e
a@s increased to reflux (heating block 95C) and
reaction was stirred at this tenperature for a further
(2R)I2- {[BhE [ -eadtyl-OF tmfilucram ethywlb S -pretin@d{ragibylagetho )4l F eat ed

RO o2 G A A B B P STORAPIE
hyd¥ScHigidd ned organi c sol vents were then dried (MySH),

iltered, evaporated to give the crude product as a
br own SO|Id [ES M5] mz 403 (M+, 100%. (i)

1,
{1( 1%’ dng h} o%?ﬁ“l’fg’édsa‘?fﬁfa‘?lttlaiﬂ TBRY. fFt 4R sy o o5 optiqal isomers,
e.gBmixti@p bf Rymkdiin all ratldsh@E Mitdmid niikfRedsl diheYhyenabh afshides all
solution of 1,1-di rrethy et hyl (1-
sych(forys, n partipWsiohe pgresscgnqret forny dF-capmplq the Hygefion ipclydes

8

enar%lhm% ;I’lﬂ]%%?ftf&%it i %yﬁltd?%%}seop gﬁgcﬁ glr ﬂg@%@%{ﬁ %I?egfjtt&ﬁ the
other Wﬁoﬂvéﬁairﬁﬁm‘@th‘obs BIDQ& 4iv8d isdme? inax Sewbalinedeiyctohh@nional
heat ed at for 1 h._The reaction s then cool ed

Ynghetic mef roé ¥ 15| CEPSATSHAG PRASYEEN G TG, SWi-t h saturated
aqueous K2CO3 (5% 1000 m ) and extracted with DCM (3
x 500 nml). The conbi ned organi c solvents were then
dri edTéiviybald definitives ed, 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 mi1} with DDQ (2.444 g, 10.77
nmol ). The reaction was performed and worked up as
above and the conbi ned resi dues were chromat ographed
(O 100% Et OAc 40 60 Petrol eum et her then O 20%

~ 1L ™1 N N o o



1HNWR (6, ppm CDC13+CD30D): 8.33 (d, 1H), 8.05 (d,
1H), 7.53 (d, 1H), 7.52 (d, 1H), 6.28 (d, 1H), 6.24

W@ 20091#Hp98 5. 05-4.93 (m 1H), 4.48 (dd, 1H), 4.BGI/ERdp9/056177
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- jlhe T E§§ r(h‘p? !é&zl" &Z}%g £ein %\;}‘th §p§£1§t o“/%ran”ﬁed élhaln alkyl

e

nipropytaseproppht hyl ene- 3, 8- di one hydr ochl ori de, using

P t h - .

L 6F ChBE Y o5 S wiethst3l w1y Ayarpsiiors, brome_ sl dpggroums.
Iﬂj(bﬂ%l as%ect the te@thMéO XY udedaith@h ecfSrsib FLSRY Ehlgﬂoﬁﬁid(&%@mg 4roups.

and 2-am nopropanel. 3-diol (35.6
391 3T1iiﬁﬁ§1‘1)1 @eﬁ alkexy'rasayed heremigivst to(asw@ight pr bttancﬁf@ﬂlcn&m

algg}gf %rgﬁ,{o %gvm M % cafbolg?qnllg Xé)ydr lé’&% 1 3'6%’&9 §o(ﬁ1\;)(§ %?cllude

enperature an t ov rni gh
me®xpadthd:dl propoeymeidoptopedy. r educed pressure (to ca.
150 rrir)1 and the resul ting bright yellow slurry was
pour eb§ 5B "ferapeuRde pf the Imyeniiony astised BepwyBeass acpmpgund of
PR b, PR AIch e b T bPROisC HERER Thefm
camdzaeand 200 imbeptiamtimaans-ady ioad of thegbmpotuuis df |th1d i@vention as defined
onmpound as a bright yellow solid (45.03 g, 94% . LCMS
I%OrYSWed desired product (93% plus 7% starting
mat er p@thermhbR, HR&QH l’b@tunM‘Q§toH§ ﬁglt mﬂagﬁ%hcﬁ W taR®Mmpound of Formula
purification. S My (b
(IN@]( aplzarman@mhylily accsptdbleﬁalm 06Ny01<)1d66théwef toy " oxyperdds iof the
i din
111{,?%‘[?({%{% ? &q?/(f tOBenﬁP?IP%SSéhemeﬂuﬂglojf gmlg? (D), a pharmaceutically
acoé_gtabu@rs@@ anRdb:alic 45 Be 8&ngouna?cﬁ Forrtml()), ¥esyphifohfulidhlly
di met hoxypr oFane (900 m ) under argon and
agsepighblgsnmbinagnpal thesg i Ehusdnorayoriaoe-limifiog egamp\lasused here for

11&1‘3@3%%’6 &L?fotsg] ﬁtcg{n%gyl\@(f %fZIEr‘ dr{nrufa[ (oa/& Wgﬁe@ %11%1 table salt or

vaxtldib Kﬂuefeufbsilcumpméﬂ\@l(almbaemndlﬁ feeptelslylsilt ofa &nhpttundm)f
was treated with saturated aqueous NaHCO3 (20 m.) and
Fargnyly (Ipgibeshgs pr;e@eté)as @mst)lwa‘\g;, @%ﬁ@@r@p iMpay; 1H@lude a rnn)(ture ofa
\ stirred

b EFEERATKD oIS o S HE AR IUFIRAA . 5L Lt or b

by addiwtiil bo ﬁutheaam«dmamd tﬁ@ﬁﬁ@@staﬂhe: fioims, lplol':ynwaphs and
filtered th suction.and the solids were ed with
TIPSO S TSN RG] SPIa PR Bl S Lo R Geh plated to
b@%ﬁﬁﬁftﬁ@ %ﬁ@ REEle ﬂr@s@ﬁﬁ%@erﬂfoﬁsgﬁfeﬁs 6@6@&1&’@5&0%@5 gﬁWexample
solid was stirred with petrol eum ether ( 60)
varethetah@olmét@émhemmérysmhommfgr Peyopands obihefinventian wdch

I h 40- 60
Ik s W R et AR S e L e
cOtAih oW1 Sahixturt 9F efbhti@meB298.-a thEmiVRlixii& o 28An{iddikbrs) These may

bé\ézpe@@@iiqun@%“@cmw sugmas-ahirghidPRG| oxy) - 2, 3- py

ridi ngdi apj : :
v (2, SRS TRy ampogdof tihimyentign ey RepRyilioy) ossppiied
fro@rJojrentli snamamaelué&ﬁ dnd ogganl&&lﬁennmﬂh)suWa&seh ol ek mm;t oe

2aI| ot.s, each h was taken up in 1, 4-dioxane
%ﬂ IBYFATiAY &G g‘tﬁ’éﬁ&’ﬂ i iGvssPP HoichI TG sl kages including
h cﬂ@t%g & well &s %n‘sfgdﬂnhp bRl e VAri8 e DnoRASF v&Ja?etr 'ﬁpa% Bﬁﬁ
ydrogen press at roomterrperature for
produ¢adriesprogaseecsfsutht &y lgdphidisdtiosuct i on t hough CeI | te
usi ng argon bl anket and taking care to mnimnse
contact of the product with air. The solids were
washed with 1, 4-di oxane and3the conbined filtrate plus
washi ngs were evaporat ed under reduced pressure to
give the title conpound as a deep purple oil. This was
used i mMmedi ately in the next step. [ES M5] mz 254 (MH



[ES M5] mz 302 (MH "). Method B
1, 1- Di net hyl et hyl

W@ 200p(181388 di oxo- 1, 2- di hydr o- 3H, 8H 2a, 5, 8at r i azBEEPPH056177
hyl en- 2-yl ) met hy1] - 4- pi peri di nyl} carbamate (9. 735 g,
24.25 mmol) was suspended in DCM (90 m) and 4M HCL in

1, 4- dj, oxane (45 ni ded to. ve bri yel | ow
suspe Pf*oweé _%I%is emﬁlﬂéﬁ)are g3 e ggf\emha&wceuﬂcal
cSthpSst s YewilStehdilyBst RldcfsRRIM tﬁzﬁ@ﬁﬁrﬁ%ﬁ‘lﬁ?e&@édlﬂqeﬂtfs tHRBare

sol vents were rerroved under reduced pressure to give
provaled nw skebstiinhigltir pwh femi, dex a@nmletmll@ht 64 Iphwmanosytablysat least

3Rt e SN arp 8l Tt B PRl o  weieh
for RePgtit ﬂoﬁsﬁ)\’\ﬂmﬁﬁﬁrﬁrbﬁﬁifﬁ[&ls RY tH @RfoshdMBarhé 1R f6iFhEparing the

using a Chiral pak AD (20 m crons) preparative
mest piFA feushisedingbe ph@lm@psmqall\@mqsg@ps chsac des murcayepasetions of
h val u
RSB R OB LY B Bl PP L
paiedlhidyp fibmand to@9Yaotia &mﬁ;lsmmﬁaiﬁthﬁﬁﬁa 1) (oaphztrhacémelly
bases]) were isolated in >99.8 ee each.
aqegpipbls splt ar Nogxide theisPper i di nyl ) net hy1] - 1, 2- di hydr o- 3H,

gg"nsgl;’]%#?l@% ubl?élgf‘&%%@%s]%@(ﬂsec}?‘?hﬁ cﬁg&%ugg?gig Ilfdrgﬁﬁ include the

adﬂﬂ’h@ﬁtidlﬁ)@@/qlﬁl@nalﬁlﬁﬁlmﬁﬂluﬂﬂszltﬁfﬁ(ﬂ‘ oxbrdple) theiOpdlisoaith rmneral acids

c. rggl%% I %T(Trtcér lhggtlohrgn}:lc ;ﬁ% ?1&1#5}[9 gh,@tel\é%gFl?riczalc'ic?scgf organic acids, e.g.

aceiic Zruftiali¥ dé’u@cﬁl'c’ Bltcda cﬁn@ aJeﬁk(ﬁé %ﬁ&%@iﬂlﬁlﬂn@ %eala%egﬂﬁhomc
(second conponent el ut’ed g, |1ght

nqthllthadﬁneslﬂpln(mlc M Or tagtarig %1é$a) In dnE8sps} olnthg IIB@ﬂtl(Qth-he s)alt ofa

%t i C ofli?Ot atlﬁ’?ﬁll%%gmlgﬁ ]énd %%{S (lg_a[nt)t%ef aspectHEhe salt of a

c&rhﬁ&m@mf%ﬁnﬁa@ﬁm&d Yddhtbrfdﬁé's)tllffetb ?])ﬁﬁﬂsﬂﬁ}Forrﬁula (I) may
gerldl nyl ) met hyl] - 1, 2- di hydr o- 3H, 8H 2a, 5, 8a-tri azaac

lsp aphrchgicd pethe, }g-nmd@nfghe mygmtbmmx@ﬁndgj@ all such salpg and N-oxides.

soI ution of

(2R)-2-[ (4-am no- 1| - pi peridi nyl)nethyl]-1, 2-di hydr o- 3H,
CBhE}‘x%uﬁd&&epﬁﬂaabﬁacenapht hyl ene- 3, 8-di one (63.4 ny,

0. 210 ') and 5-chl oro-6-nethyl- 3-

pyri B %@%%ﬁ?%ﬂ%@ 11(‘168P0%th§§ﬁrﬁfﬁ geqvidedggocesses for preparing

|

c t@é g’gﬁo Dﬁ\/? %ﬂ@}é?ﬁlnrfn)ageglﬁgalfﬁg%ﬁgptmg Saﬂ}s@\%}agﬁkg thlefeof.

st I 1 fieghcatspead @ Buitabiproatss compases3dbe rdaptioNaBii@ o) @nine

T PR EP TP (RS ALY SR TPRCE o BBt IBY was

nonitored by L nd when full conversion mas
observed, it d with 10% NaHCO3 and
extracted M brganic | ayer was dried
(MSP4), fi . and concentr at ed.
P fl ash chromat ography uf®ng Fl ashmast er
gel cartridge, and nmiXtures of DCM and
MepH as|| el udnt afforded 34.6 ngy (®V&¥8 mmol , 37% of
th ct product as the free base. 6)
di ssél vedZin MeOH (6 ml). HCl (4 M sol L(Jtlﬁn in
1, 4-di oxane, 0.019 m, 0.078 nmol) was added dropw se
and t;lﬂ Elxture stirred at roomterf¥®ature for 35

, the solvent was evaporated. MeOH and hexane
mere used to help renoval of dioxane.
(2R)-2-[(4-{[(5-chloro-6-nmethyl-3- pyridinyl)methyl]
amno 1 -1-pip eridinyl)nethyl]
-1, 2-di hydro- 3H, 8H 2a, 5
, 8at ri azaacenapht hyl ene- 3, 8- di one hydrochl ori de (60. 4
ng, 0.127 mmol) was obtained as a yellow solid. 1H NWR
(d, ppm DWVMBO-d6): 9.07 (bg4 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

A N oA




(g) 4- 1 -2- 1 1-Dinmethylethyl)(dineth 1)sil 1-1- h
drox eth 1 eth 1 -6-
wop@wbhyi3exy) pyri do[ 2, 3- bl pyrazi n- 3(4H) - one PCT/EPR009/056177
solution of 4-[(1S)-2-
{1(1, 1- dinethylethyl)(dinethyl)silyl]oxy} -1-

I A SR

alt(iél%e‘}n(get 6—C_'H2—(m)ché réa@tlm&ﬂgl@ reld}lcﬂ‘%saﬁhhﬁ&ﬁ@aﬁbnr gﬁmally in

enperature for . The mxture was filtered throu
th@@lrevsmcmfdl mmeslmg agelnau@hwasocbumﬂmr@ltydddc ®rgV vea bromomethyl

i t olid. The rude urified by colu
oSG AR i Paistons iy PR Ged BB St R S
DEMIBIMOM @t Sh¥entobmAerhte.d (66%9 WO
2009/ 141398PCT/ EP2009/ 056177 of .
4- [ ( 3¢ fop exqminle Prrdthprdd. By Naraly W) Ndil shetrbigd Pagamys Choyistry, Wiley-
{E droxymet hyl) et hyl] - 6-
fioxy)pyrldo[Z 3- b] pyrazi n-3(4H) -one. 1H NWR (6,
ppm CoRpdG)ds of Fobm{ls (1AM a S&al0Brdade. g IHfdrodhlofle(salt fdrh), may be

6.00 (bs, 1H), 4.30- 4.20 ( 4.04-3.96 (m 1H),
u&?doliﬂvgprosw 0 fprgecquapougsly ofnll-qyngl?e(l)(@asgllofomo 166 (s,

3H) . ChiESoMRk i (UMhdn be bidle @y Rty B PRHE deflhes

§g| 3??% rs}ﬁdgl:ts‘%ﬁ@fﬁé: 0RRNE Bt cBRPoIa B & 7! is CH ad®Z2 is N is

Sﬁhe[ﬂ(q@) bdow (1, 1- di met hyl et hyl ) (di met hyl ) si | yl ] oxy}

Sﬁl dr gxynet hyl ) et hyl] - 6- (et hyl oxy) pyri do[ 2, 3- b] pyr azi
%? -one (1g, 2.74 mol) in CHC13 (50 nL) was added
Et 3N (0.953 nL, 6.84 mmol ) followed by a solution of

nmet hanesul foni ¢ anhydride (0.953 g, 5.47 mmol) in
CHC13 (50 nmL) . The reaction m xture was stirred at
reflux tenperature for 5 h. The crude of reaction was
diluted with water, washed with NaCl, dried (M504),
filtered, and concentrated. Purification by flash

chr omat ography using a 40g silica gel cartridge, and

m xtures of DCM and MeOH as el uent afforded

(25)-24{[ (1, 1-di net hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl
)-1, 2-di hydr o3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-d
one (0.806 g, 88% as a tan solid. 1H NWR (6, ppm
CDC13): 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 M5] niz
334 (MHL). (i)

(25) - 2- (Hydr oxynet hyl ) -1, 2-di hydr o- 3H, 8H 2a, 5, 8a-tri az

aacenapht hyl ene- 3, 8- di one A suspensi on of
(25)-24{[ (1, 1-di net hyl et hyl ) (di net hyl ) si |l 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 mol ) and Dowex 50X2-200 ion exchange
resin (50 g, 128 mmol) in MeOH (1000 nlL) was stirred
at roomtenperature for 15 h. The reaction m xture was
filtered to give (25)-24hydroxynethyl) -

1, 2-di hydro- 3H, 8H 2a, 5, 8a-tri azaacenapht hyl ene- 3, 8-di o
ne (26.55 g, 121 mml, 95%. [ES M5] mz 220 (MH1).

(J)

[ (25) -3, 8-Di oxo-1, 2-di hydro- 3H, 8H 2a, 5, 8a-tri azaacenap
ht hyl en-2-yl ] met hyl benzenesul f onat e To the
suspensi on of

(25) - 2- (hydr oxynet hyl ) -1, 2- di hydr o- 3H, 8H 2a, 5, 8atri aza
acenapht hyl ene- 3, 8-dione (26.5 g, 121 nmol) in DCM
(320 M) was added benzenesul fonyl chloride (23.38 ml,
181 mmol ) followed by Et3N1§39.6 nl, 284 mmol ). The
reaction mxture was heated at gentle reflux at 42 C
for 2h. Then, the reaction was cooled to 5 C and
2-(dinethy|an1no)ethano| (7 30 n1 72.5 mol ) was

o R



filtered off and washed with water (2 x 100 nil). The

solid was dried in the vacuum oven at 40C overnight to
watdoondizphe product as a bright yellow solid (BQI/LE2009/056177

84% purity by NWVR 74%. [ES M5] mlz 170 (MH "). (b)

6- ( Met hyl oxy) - 2, 3- pyri di nedi am ne

6- (Met hyl oxy)-3-nitro-2-pyridinamne (26 g, 129 nnol)

was suspended in EtOH (500 m) at roomterrperMe

under argon and then treafféd §hi th pal | adi um on cdrbon

( 59, 14.10 mol) (10% p . The reacion%ﬁfj

stirned ynder 1 at rmgphevre {1 hydrog;en oiger Ri ght,. The

reagt ign was _f9lLtere amyd the pad

was th Et OH (500 tOH was evapora 9

afford the product as a lour'ib‘?e oi | (20.68 g, sllghtly

i mpur®). [ES MB] mfz 146 (c) Ethyl

N- 1- 2- am no- 6- ( et hyl oxy) - 3 pyrl di nyliglyci mjt e

6- (Met hyl oxy) - 2, 3-pyridi nediam ne (21.7 g, estinmated

87% purity, 136 nmol) was d'?%]olvedin CH3CN 0m)

at roo nper at ure under g and then treafed with
K2CO3 (24.138 g, 176 mmol) &?et hyl bronopacet.at

(18.13 ; 163 nvol ). | The repction Was $tirredf at room
nper atur ecovernight © CN wasth din

vacpo.> Th reacti on was|re eat ed (515| ng rmrfe

6- ( xy) - 2, 3- pyri di mwe 20. 68

purit ye ﬁi29 mml ), in CH&CN'ZSO m), KZCO&)(ZB. 23 Q)
and et hyl onpacetate (17.27 g) and the reaction was
again storred a om tenperature overnight and the
CH3CN was then renove vacuo . The residues were
partitioned between water ( and EtOAc (1 L) and

t he I@éos separated. The aqueous er was é«(ract ed
once with EtOAc (1 L) t he conbi ned for g&ni ¢
xtractsg“were dyied agver Mflltered and

gva oratedoto afford a2 purphe ol (64 d) ,]'heNoi |, was
tr@ th DCM (300 T )S@ndfthe i nsol Ul e/ P¥T i ti es

fi of f. The DCM was | oade 0 800 g
silica kol um and el uted vv|t|h 0- 2%ve0H to"af ford

40.6 @ Gf desired product ®4$®a brown solid (Pcvs and

NMR consistent with 75% desired product wfth 15% N

cyclized product §&-
(et hyl oxy) -1, 4-di
and 6.4 g of Or,;,,yc

dr opyri do[ 2, 3- b] pyr azi nt@( 2H) - one
zed prodygl 6-

(et hyl oxy) - 1, 4- di hydr opyrijdo[ 2, 3-b] pyrazr n- g" 2H) one
as a pur solid. .
o b i j W’ﬁ"i“I
e
Lpate (40.6 f

(et hyl

g, 135 m‘@;lngvvas di ssol e'd in THF (1 L) at room

t enper at ur e under argoﬁ and treated with" pot assi um

tertbutoxide (15.17 g, 135 mmol ). After 2 h at room

(a%@fﬁi’ﬁh@tlui _Bropatddicit s Mﬁﬂetﬁ&%r&ﬂa}le gﬁ l&‘ﬁ@ﬁﬂfoﬁﬁ%ctd" gc)
e

HF evaporated. Water was a d fol |l owed

hyityogave p#lladann/charpgal (le)@th}ﬁbmmﬁkﬂcéta‘rﬁa{(e@@al(e)/r?@silum hyalrlde ®
f|| N of f hed with, E chUmM
bl s, SERAERR I AL R BB BB
h@drygdnl, p&ﬂzﬁi@lﬂvﬁhz{r&&al 3(IMnALCNG 43@\11teN%tG)@}‘b@f‘tfbh?l’ahllm)pi'perldine,
pr oduct (9% of oxidized nmaterial present by NWR).
ing (IhHEh s bd-dja8et ransferred to a separating funnel

and

e A e i S N R
isqrrgfactcd aexdeta €3)s Raductiod blf et mitve provlg §0k s fanliheefde dvhaahds alkylated
evaporated to afford a brown solid which was washed

with plenty of Et20 to afford nore of the desired

product as a pale green soltéd (7.7 g): LCM5S and NWR

consi stent with product (20% of oxidized materi al

present by NVR). [ES M5] mz 180 (MH '). Alternative
procedure Et hyl

~ e ”~ VAR I Y P Y T A T T L S AN N

Formula (I1A)



A solution of (1 R - 1-

[ (4-am no-I| - piperidinyl)nethyl]-1, 2-di hydro-3H, 8Ha, 5,
w@a0nimdenacenapht hyl ene- 3, 8-di one (10.7 ng, O0POBEP2009/056177

mmol ) and 6-(trifluoronethyl)- 3-pyridinecarbal dehyde

(6.22 ng, 0.036 mmol) in a nixture of DCM (0.5 m) and

was stirre mte
tocwelfir%f@h%)n@fé 99528 Be fegigd PPﬁt% S@dwggﬁmaﬂﬁ%to BRS (Phdiis is
predded willhg cér%;gyl'ﬂehﬂq (OB%] Hop (@Sthe‘ﬁ d1E4vRE t&kivE Aol (8 ﬁ ).
tenperature and nor'e was added I'n severa
detsatlomsflthmuethamsdphomganimdsdcv affforda therroesythet €0ttben by

h%‘gwsggTyggs ! 6%%%{0@?@8)%,1@ E%eq\}’l\%@gﬁg}%ﬁ\%ﬂ élaanaggr(ljese(ll)oxide
givbBR ALy didnk iRE@ebdiAO theSARMEENT Y Th&Brded Bst&YsUAE, 8 changed to go

reaction was purified by flash chromat ography usi ng

vigd iaReatign ﬁﬁa@&éﬁtel(l 1) vaitls @ Nrrg thiukgxysar @myléramobplﬂ@reime and
f T
ﬁ%{gl]gr I%Stlég %urﬁ\gtgwgl%{l%%%(@%% %{aoz y%lffPlicﬂ Qe ped%gﬂlr%%und of
For@@ila (LA D glve 4 ng (8.69 iunmol, 24.47 % of (1R - 1-
{ . : :
[ 4- (Restiop with ancdehedagf EO@%W@) WY PoerHgd Pt e presence of
i 8H 2a, 5, 8a-tri azaac

enQSRA%bqgkfﬂg&%%gkgég%%g}a Wﬁrgolld 1H NWR (6,

p p m Agae(ﬁéﬁ‘)fedly %rieﬁlzlo%rlcélﬁ) purd E&%pgmﬁ% 8@ Forrdd) (IIX)fZFWﬂl@h zlis
C,E[I 96]@ % N q_(i’lbld bg a]&q_ o?t@gled pq)prepgrlgg tl(eschlrﬂ_})nes(}éatg_ glﬁl%@%pdlate in
atibﬁantlamgﬂceﬂly%ﬁlré formldsddepiRtcd3n Sdemd Hh) bdo®9- 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] mz 461 (MHl).

Exanpl e 12 Conpound: Synthesis of

(1R -1-[(4-{[ (5-brono-6-net hyl -3- pyridinyl)nmethyl]

am no}- 1- pi peridinyl)nethyl]-1, 2-di hydro-4H, 9H i m dazo

[1,2,3- if]-1, 8-naphthyridi ne-4,9-di one hydrochl ori de,

usi ng Preparative Schenme (3) CH A sol ution of

(1 R -

1-[ (4-am no-| -pi peridinyl)methyl] -1, 2-di hydro- 4H, 9Hi mi

dazo[ 1, 2, 3-0-1, 8- napht hyri di ne-4,9-dione (for a

synthesis see Exanple 1(j)) (66.1 ng, 0.220 mmol) and

5- br ono- 6- net hyl - 3- pyri di necar bal dehyde (for a

synthesis see Preparation 7 below) (44 ngy, 0.172 mol)

ina mxture of DCM (2.0 m) and MeOH (0.1 m ) was

stirred at roomtenperature overnight. NaBH( QCAc)3 (140

ng, 0.661 mmol) was then added and the m xture stirred

at roomtenperature. The reaction was nonitored by

LCVS and when full conversion was observed, it was

gquenched with 10% NaHCO3 and extracted with DCM The

organic |ayer was dried (Mg504), filtered, and

concentr at ed. Purification by flash

chromat ogr aphy using Flashmaster 11, a 2 g silica ge

cartridge, and m xtures of hexane and Et 0Ac and then
sifdhend) MeOH as el uent afforded 69.5 ng (0.14 mmol,

83% of the expected product as the free base. It was

di ssolved in MeOH (3 nl). HC1 (3Msolution in MeOH, 38

A, 0.114 mmol ) was added dropwi se. After stirring at

roomtenperature for 20 mn, the solvent was

evaporated. (1 R -

1-[ (4-{[ (5- bronp- 6- et hyl- 3- pyri di nyl ) net hyl ] am no} - 1-

pi peridinyl)nmethyl]-1, 2-

di hydro-4H, 9H i m dazo[ 1, 2, 3-ij]-1, 8-napht hyri di ne-4, 9-

di one hydrochl oride (47 ng, 0.09 mol, 80% was

obtained as a pale yellow solid. 1H NWR (6, ppm

DMSO-d6): 8.40 (s, 1H), 8.01 (s, 1H, 7.72 (d, 2H),

6.12 (t, 2H), 5.01- 4.89 (ny 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 2FD [ES NS] niz 484 (MH ).

p— o A o~ o s



Exanpl e 71 Conpound: Synthesis of
(2-chloro-4-{[(1-{[(1R) -4, 9-di oxo-1, 2-di hydro4H, 9H- i m
wWel200[141328 3-i j 1- 1, 8- napht hyri di n- 1-yl ] met hyl } - Be pPEpP209/a56177
inyl) am no] nethyll phenyl) nethyl acetate (I ast
step). This exanple illustrates the use of a
compound of Formula (JIB) ingphich Wis a bromongihyl

OBn

|rm| etd}l/
[(4; | - pipag mﬁwﬁ’*) meghy1] - 1 L
dazo”[ 8 2, 3 -Ij\@[ﬁ. 8- napththyr i di n%@é di one
(E.;;arrp e I step 1(j) 4wy, 0.113 nmol ) M&ssol ved
in Acetonitrile (5 L) d
[ 4- (brononet hyl ) - 2-chl orophenyl ] met hyl acet at ec)$34. 6
nmg, O.dk2%resnol ), potassium carggnate (31.3 ng, 0.226
nml)Egjsodiumiodid (0. 84 rr?5 566|urml) S
d)deq | gavd ng the, reac te(gypercat ure OTBS
ovefnr ght I\Ie*t—m%n ng _showed—conpl ef| |on Hand
sol s renoved under va‘|cu1f,i<P|s'ft Resul ti ng rude was
di ssol7‘2/ed in DCM and washee several tinmes wth) water.
O gani Iayers were dried over sodi um sul phat e,
fil terE@ ™nd vol atiles renmoved under vacuum
Purification was carried out by flash master 11, Si 11
29, DCI\/H\/EOH (0-20% to obtain 10 ng of the flnal
corrqum{ *a yel | ow sol i @I—ﬁ 'i’rpl e 75 Conp °

ZRt\i ]j (1[ 5- Im=)t hyl - Mlj uor onet hyl )j\;'SNINTO

pyrl dlp | ] met hyl [ am no) - 1- ‘beri di nyI ] met hyl } - T 2=rd brlay

dr o- 3H 8H 2a, 5, 8atri azaacenapht hyl ene- 3, 8- di one

hydr ochloride. To a solution of (2R)-2- Formula (IIC)
{[4-({[5- rrethyl 6-(trifluoromethyl)-3-pyridinyl]nethyl

) RO O B F LM EREE dhid, 0 it rompaseiatey KgCQs @
NeHe(f} Exdafngme petadaenishamerl.(S0MIE,, (6) methanerol nicanbavidea))
TF]A;)?J ﬁleglaf;esuﬂ%c(aﬂﬁﬂldrfﬂejovr‘ﬂ)enﬂh%%ﬁ%l b2 i, 0.169

was ad he reaction m xture was stlrred at

r oonRExSgB PALwhtore-Gr(methydeFy)-STHERPYIHENS BIth shtrahgaaine (2) gives
in@tafealaed @Yl mat@etﬁoﬂ/@fqumm m&’rt-b’ﬂ@l @fmaﬁylm@ﬁcmbﬁ@@gls@mo n

RS 0PI i R E R e iR BRI RS St

to oﬁydlsatldn?oﬁ@) ofn beéfttaiolitid sodiNivVRydedeamcithen stamient with

h rB Qggua{d?ﬂr%&%&ﬁ %ah%g@ %‘@%t%@@&a?ét(?g‘c%ﬁ@}tﬁn%%

mlangana&ﬂ d )pXtdwndél@ﬂ@een@fNﬂﬂlﬁ@ethm@m athydgdergivas () Blhis

n‘tb?ﬁfédiafb 5aﬂ%emeﬁﬂ%c@éd' With eEAtD 1@(@%&65&%’%ﬁ%thfﬁlewlfomc
r e not known conp ounds_their

I.cate r
gBQ? alt‘?%ﬁeﬁleéulg%vé Pﬁlsea ¢ Begisel 1 Opre a%FIP?éIPO@?‘a%HV gure
cc&ﬂpmmldm:ilse ﬂnle§}tl£té oBbezenssalfendis €0 feehcdshdygthanbe converted to the

o B Al TR RSl B PSR AR By

dd;sydb@izlltﬁlrclm de. Preparation of various conpounds
of F%Hﬁﬁle?sc%ﬁe Lk%ﬁgbl'e ?Itd?)ﬁlﬂ&ﬁﬁ@ﬁﬁ%ﬁﬁpz@fls NRRd 7258 e, is
Exanples I's set out Preparation 1.
S&}@(TBr(@DrbeteWhyl )-6-(t r| fl uoromet hyl ) pyri dazine (Used to

prepare Exanples 17 and 18) C I1(a)l I NN, NN CF3
(c)CF3 Il NBri\1 ININ title conpound (a)
3- 1 odo- 6- et hyl pyri dazi ne To a solution of

3-chl oro-6-net hyl pyridazine (500 ng) in H (3 m) was
added Nal (782 ng). The reaction was heated at 40 C
for 4 h and at 70 C overnight. The yell ow precipitate
was filtered. The nother |iquors were basified using
solid NaOH, extracted with DCM dried over MySO4,
filtered, concentrated, and purified by chromatography
on silica gel using EtOAc/hgxane as eluent to give
171.7 mg (2099 of the title conmpound as a white solid
al nrost pure by HPLC. The yell ow precipitate was
baS|f|ed u3|ng t he sane aqueous phase extracted mnth

R A AR A SN NA M 1 o T e 1 o



O title conpound (a)
f 6- Chl or o- 5- net hy1l- 3- pyri di nyl ) nmet hanol To a

W@ loat#ees of et hyl PCT/EP2009/056177
6- chl or o- 5- met hyl - 3- pyri di necar boxyl ate (84 ng, 0.453
mmol) in DCM (2 m ), D BAL-H (1.5 Msolution in
tolugne O 905 m, 1.358 mmol ) was added dr opw se
undepr®¢ 2).78C. The reaction mxture was all owed to
attain rt and stlrred overnlght After 18 h, TL

showe artlng> ernl . Thaa ectign was en@hedH
by addii tipn of®odi n} otas bhn1t at e sa@urafq;;I:
solutio {racted drle it ered, and” N/“jroxf/

concent fiated to af f or@ (6 chl oro- S(ﬁethyl 3-

pyridinyl)methanol (63 ng, 0.400 nmol, 88 Qbyleld)

pure enough toobe used in the next step. 1H NMR (6 J)“)
2

ppm CDC13) 7(s 1H),o7 om olH), 4.69 ﬁs,
2.37 (s, 3H) ( (f) ﬁ

5- (Hy 3-wethyl- necarbeﬁr%rl :]¢
CuCN (5 O 607 mmol ) was deo to a sol uti

(6-chloro-5 4k thyl-3- pyridinyP | (47.8 ng, N
0. 303 nffol & rous DVF (Q)n1) ang”t he m xt ur €
was stirred unde crowave irradi ation at 250 C for

35 mn. Full gonversion was observed by HPLC. TBME and

28% NH3 wer ¢ added. Extraction, drysng (MgSOH4),

filtrati Bk, and renoval of the sol yént afforded

5 (hydrox t hyl) - 3- nethyl 2- Pd\ﬁecarbonltrl (:)**“B“

90 nnDI 62 oy g) pure no h to be
usedl ﬁf{ stre %&m
Title Congoulid: . o '
itle compou
S-FOTEZEF%; dyl -2 ﬁ%tarbonltggizr”\ o M02

ti

(165 1903 nnDI s added to a

5- (hydr oxynet hyl )-3- met hyl-2 pyrldlnecarbonltr Wé”
(28.2 ng, O[}P0 mmol) in, DCM (2 m) at rt and t

m xturexwasy stirred at that tenperature overn|ght

LCVS sﬁpmed the startiflg aterial was gone. The #or\ds
were filfterned of fMand t-he sol vent _évlpor at ed. o
S-Fopﬂtiji%j&%yl 2-4 yﬂldlneggrbomtrlle FE&;EJ;ﬁ
was obtai nedli nmpure S:E%ed in the nex S

Wi t hout ~priNor purlfleggggﬁ H NVR (6 ppm cBci3):
10.18 (s, JH, 8.99 (s, i), 8.14 (s, 1H), 2r68(®y

3H) . Preparatlon 4.

3-Chl oro-5-Fornyl-2-pyridi necarbonitrile (Used to
(ap NHpaAVIeOBX abphgird@n, pallatiunh/eharoegd o (in) @thiyhpromoacetate, K,COs3 (d)

e 7 B SR SR KBRS b e
mgtlfaﬁgsum&l)chlf&fd% (ﬁqd@dt&pbﬁowafﬂohgﬁnﬁngo)plgerldlne pyrld)me G)

| 'or o- 3- pyri di nenet hanol
hYdTO@ﬁmhp@liadugn/DhﬁCQaiﬂ‘&nﬁﬂ)IOMﬂdé{CIle lgfhdiokime. mi xt ure was
heated at 95 C overnight. Low conversion was observed
by HREGtiopfof éﬁromwdlmﬁgl)uml@ﬁmn@mamffor@%nlgowynﬂmé (2) which is
reIQ83ah %hsoahlﬁﬁéi(sl)l OA |k REIHE ASA, etl%@ bﬁqﬂéécb@fbaﬁous’%%p éhsatlon

under

W&ﬁ@@%}l@ 1R/t i\‘z‘&?‘é‘;g&ﬂ"“‘ﬁ@v%q‘lséﬁ a@%%%ﬁ’@@@axh@%b%}a&e%oup to

gils {6)aehiclo ban ﬁhéiy ba geaCivd SOd) (,coﬁmietcnaly onjlablepSgbridydhovfate
((%@ % Sgir%neyg]l}l'lg 8ﬂ¥og)sﬁge%e§1ﬁ#ﬁnatﬁf{o Hive i]) uqrhllsafltllo%altglld%p thermal
@sliteamis gates §8)1 h@ay@@bn clasplaciaiges, widinéd- (antMyoirbh@ﬂaan)

t

p%.@fé%ﬁ’?%@%ﬁ@%l%%%&% FOUF BED) andubsequept oxidutiquywih
(34.6 ng, 0.205 mml, 28 %yield) as a pale yellow
solid. 1HNWR (6, ppm CDC13): 8.57 (s, 1H), 7.94 (s,
1H), 4.87 (s, 2H). [ES M5 1mz 169 (MH '). (b) Title
compound: 3- Chl oro-5-Formy1-2-pyridi necarbonitrile
Cr02 (Magtrieve) (335 ng, 3.99 mmol) was added to a
sol uti on of 3-chl oro-5-

T T e e VAL Y. Y. NOA NN



title conmpound (a)

(2, 6-Di chl oro-5-fluoro-3-pyridinyl)nmet hanol To
w@2@ohuBhoNn of mnet hyl PCT/EP2009/056177

2, 6-di chl oro-5-fl uoro-3-pyridi necarboxylate (3 g,

13.39 mol ) in DCM (12 m ) at OC under N2 was added

dropwi se DIBAL-H (1.5 Msolution in toluene, 19.20 nl,
m28g@esatd)oxideTing depadedtion byrirsmoyad ofigle catliamasdmatety0gi@es the target
aﬁlﬁg r?%%ﬁnul%ﬁaB)( R@Mn ﬁb&?’ﬁlﬁd&‘géﬁéwﬁgoﬂ% @B‘zaéﬁoﬁ]@qu %{9

nor e tion In
subasqustRdd atrpnéwtfe@émaélﬁsqﬁ&oxsd% fqllogyedyanesykagpn ahsmacement

with &- (e RASL biRBx YBartor i RMi@Sp %bh@h’h@ dn&\’rdhﬁbv% QFprydcttive group also

con ent der reduce ure. Sld
oS POETRRISNER. R Reer bGP ireTs SR oinodnd eboampihTDER encrally
dasctibedBiddéa. The conbi ned organi ¢ phases were washed

o {1 ojoer M, g fﬁV&h@@é%%nv@gﬁhnz@%fzw% At

(PPeiowCDC13) : 7.77 (d, 1H), 4.77 (bs, 2H). (b)

(6-Chl oro-5-fl uoro-3-pyridinyl)net hanol a
sol ubfiEmeE)
2, 6-di chl or o- 5- quoro 3- pyri di nyl ) met hanol (4 4 g,
%2 45 nmgl) in 1. 4 oxﬁne 0 m) ma§ added
aC|d (O

1) _ Ph3)i4 (1. 297 g, nmol||) he M xture
was en hea{ed at Cftor 6 h a pr uregr tube.

The crude was diluted with H20 and extracted tw ce
with Et 0Ac. The conbi ned organi c phases mereL@gshed
with H20 and sat. NaCl, dried over Na2SO4 an

|concentrated under reduqed pressure. The cruqe

uerleH byof | asb_chno hy usi ng_Fl I,
spierical S|Ifc g cartrldge afd OH

.Dg (41 Ry of
e used in the next s
I, 7.70 (d
4.78 %i 1.93 (bs, . [ES M5] mz 162 ( -1')
(c) f Iuoro 6- net hy1- 3- gyri di nyl ) net hanol O

a sol uti onoof (6-chloro-5-fluoro-3- pyr|d|nyl)nethano

(1.3 g, / mol ) in 1, 4-di (10 M) was
|[K2COB ( 34 g, 24.14 rlnethylborox 1 5 NHBoc

) and Rd(P h3) (0~465 g 0.

O$ﬁé@§i§;§%gbwas_hhe§ eabed QD O 4@

ube. @he re uIt ng xtde mas qu ch d mnth
extracted with Et ried over My5

concentrated under vacuun1 The residue nas r|fied by

fl ash chromat ography usi ng Fl ashnaster d//zﬁs g

spherical silica gel cartridge and DCNTNe 8:2 as

el uent to give nmg of the title conpound ng wth
Ph3P0. Thi sAwad washed again with nFteE/hnd;§g§%§cted
Wi th EtlOAc to r eNPh3P0. The organic la NHBoc
dr ied Nrer-My584, f||tered and %s ’

vacuu i e 468 ng ( % of t
pure erRolUgk”to be used in™he nextXs 7~ 1H NWR ( 6,
ppm £¥EQ§QM)8 27 (d, 1H), 7.55 (dd, 1H), 4.74 (bs,
2H), 2.49 , 3H). [ES MS] mz 142 (M-1"). (d) Title
conpound: 5-Fl uoro-6-net hyl- 3-pyri di necar bal dehyde

To a solution of

(5-fl uoro-6-nmethyl -3-pyridinyl)net hanol éy68 ng, 3.32
nmrol o step @Q:mr(l@tthmayetmgiemézﬁ tepded pNBgtaleedy (4.2 g,

(rﬁggl?w%%lﬁg M%ﬁ g\‘@tglcts(% é{:peﬁ) ﬁlrt%z B2 trgaﬁfeg Lith ;pbutyl

remai ni ng An excess of Cr02 (Nhgtrleve) (2.8 g, 33.3
nmmol ) was added. The m xture was stirred at 35 C for
48 h. The solids were filteped off and the sol vent
evaporated to afford 144 ng (28 % of the title
conmpound. 1H NWR (6, ppm CDC13): 10.32 (s, 1H), 8.57
(d, 1H), 7.81 (dd, 1H), 2.87 (s, 3H). [ES M5] mz 140

pure enough to
1H NMVR (6, ppm CDC13) :




(b) o )Br Hi(d) NA oBr I N title conmpound (a)

Met hyl 5-brono- 6-i odo- 3- pyri di necar boxyl at e To
w2043 of et hyl PCT/EP2009/056177

5- br ono- 6- chl or o- 3- pyri di necar boxyl ate (1 g, 3.99

mml ) in propi onitri le (30 M) was added

d t I 689 m . 3.99 [) dt )
'O Rais "Eoc? b ¢ Pradush RSP @H@ym%%eaw Thatgp (©) with
n-%h’[}fl 5 &1L Hﬁ?&%eh@t’ﬂﬁﬁQEéJﬁl%sécn‘aé oBPalHdlm SRLXBBE i@ (d) can
evapor ated and the obtained solid was dissolved in

yieRthe pirtimgenagadi nredwent The rvadict ofvkteh(d) vhayd@H yahstdDTMepds) to

Rt e M T R
9§ (el saduc oy outdinas 1 elonw aoloiny MGG wRATLS) 2

8. 84 1H), 8.35 (s, 1H), 3963 (b)
omnbrynetsylﬁr@lm@b@lmmmn%e lisatipade thsoxy moéapwmrtm may be

d@ebbry heat g th% d)xnx p ?mﬁ%rgé‘v?%? %%v)v&r[ S‘&eg (18) 9 fttach th8 46(9]9tert-
bmjzc)arbdngtanﬁka))qﬁpdridamweghmw bt pefgalcdagi ﬂjmle(tia)h c(f3193 2
0.034 mml), and K2CO3 (281 , 2.036 mol
n@”ﬁ@%ﬁé&{l@e rﬁ1§n re@ﬁ%\tfﬁw@&ﬁwm BLEYBNGHATOpaY Sﬂtﬂon of the ring
T
n:?e?%t @) FP@fa b??%%%ﬂ&%gtggmth Bﬁd RAGH] 'By We?fﬁﬂér Fhd8Fine may then
b¢ édfpraﬂects(l using had hlyplobgspd) step jp &d iatti theafiye (), wﬂnbhdnayrthen be
severa ortion til .s rt|n eri al . was no
g gentd dyneneol By EHES & it Gie & lR dhd Gragpund of
F¥fntfla @t er and extracted three times with EtOAc. The
conmbi nhed organi c phases were washed with brine, dried
over Iraarioftur osrscNag6@4 camoces fia @Fﬁtkﬂ@ @ennondes OﬁrFenm@@o(I)
(gm?ssure The %Ede of reacti lap(g@ d b flash
RIS FARI0) PG G P TPRHEL P OIF’I“ i CEROYRT ©
F@@[dw(mgp and m xtures of hexane and Et OAC to afford
the title compound (75 ng, 48% as a yellow solid.
1H NVR( 6, p oED013) 9.01 (s, 1H), 8.41 (s, 1H),
3.95 2.74 (s, 3H). [ES M5] nmlz 230 (VH ").
thygd B | To a m xture of nethyl R5
ro 3-pyri di Weca boxylate (400 ng, 1.597
etr kls(trl phenyiNohos HQum (0) (185
and K2 1 ng, 2.395°(RAY) in
d|o ne (% rr1) trlrrethyl bor oxi n (O 446 m, 3.19 mol)
was added under argon. The reaction mxture was heat ed

at 110&¥or 5 h. The reaction nix{liPe was al | ovved to
cool down, filtered thrpugh a pad of silica,

concBhEiH 4d Zt dIgRvand Reaifyn gie %Sﬁiéﬁemé%@p@r@)aﬂnd Bisa

b?ﬂi’éhgghfggﬁ%p eri ca{)lﬁg&fﬂlalg aO@g g{ q tri g’éf&anﬁhﬁégﬁ?@?w from

cafipdvadsnefoamd]aUR) as dedcribed alm‘vé dwdeazttiaﬁ with aodontesind el formula
npound and 84 ng of nethyl 6-chloro-5-nethyl-3-

(5 i di necar boxyl ate as by-product. [ES M5] m'z 230 (MH

"). (c) (5-Brono-6~+efhyl-3-pyridinyl)mnmethanol

To a solutio

5- br ono- 6- rreEﬁjth 3 iNdz ar bo&yEI ate (76 ng, 0.330

nmmol) in DCM (1.5 1 DIBAL-H (1.5 Msolution in

tol uene, 0.661 m, O. 991 nmol ) was added dropw se at

-78C under N2. The reaction mxture was allowed to

warmto rt and stirred overnight. To this solution was
added sat ur at ed eous NaK-tartrate sol ution,

o W%ﬁrewthherﬁécom@%%g BIOHE drof e Sapag BOEY.

dried and concentrated to afford 56 ng of

(5- br ono- 6- net hyl - 3- pyri di nyl ) met hanol (56 ng, 84%

pure enough to be used in the next step. 1H NWR (6,

ppm CDC13): 8.45 (s, 1H), 7.97 (s, 1H), 4.73 (s, 2H

2.70 (s, 3H). (d) Title conrpound:

5- Bronp- 6- net hy1- 3- pyri di necar bal dehyde To a

sol ution of (5-brono-6-nethyl-3-pyridinyl)nmethanol (56

ng, 0 277 nnDI) i n DCM (2 n1) Nh02 (193 ng, 2 217

o o AL +




(c)

1-3-Chl oro-5-(1, 3-di oxol an-2-y1) - 2-pyridi nyl | net hano
waeibhigsedacet i ¢ anhydride (231 I A, 1.635 nmol PCTIHEB2009/056177

added to a solution of 3-

chl oro- 5- (1 3-di oxol an-2-y1)-2-net hyl pyri di ne 1-oxide

225 DCM t 0C th
b xt OPQgBIo Shotecae e @&ﬁeé@% Do Ol gt () and
(Iﬁ@ﬂ‘é QLRARO4 W@@v&p\bﬁ@ré UREmPBukd b ForMe@HTI®- réame pr@ 3Pas

mol ) was added and, after stirring for "10
desntbalisheaeBl ol ut i on were added. Extractlon dryi ng

(M5 and filtration afforded 223.2 ng of cr ude
wategéﬁvne@ﬂrification by flash chronatography using

Fl ashmaster 11, a 5 g silica gel cartri and

mxtures of hexane and Et OAc as eIu fo%ded
[--%hlo&o-S-( 3-di oxol an-2-y1) - # py tha oI 4 \
|

ﬁ

_as & N l__ﬂﬁﬂi(

3): 8\57 (s, e, (s, 1H), 5¢88 (s 4 82
(pc 2H), 4.18-4.04 (m 4H). [ES MB] mz 216 vk
Fo(n[gll)l Mg t | @m@g(nepound Formula (11D} Formula O

5- Chl or o- 6- (hydroxynethyl) 3- pyridinecarbaldehyde
o()%(al[ SCE Cl d éolrtslﬁ%ds of Eormr{HE (I)) al\{\? aA?dedg cLydroc orer)e(g r%%? be
fdilhl‘éfi gkl%at%ne)ﬁg-})f e @Mﬁés‘i&bﬁ&ﬁhk PREBARS I\Vlﬁllfﬂlzacﬁgsucg a8 BYdrochloric

, acetone (7.5 nl), and water .5 m) at room
amé,rqnéomamoe oAt dwmosddmdbfr pneeernlcqnf sm:htaeraczl 5 h, HPLC
showed full conversion. Cooled to rt, basified Mﬁth 1M

l\laO—Ma@XtaPB{@P’é%Fe\ﬁﬁatgﬁnWBf/EO“@ﬁ? EUB) sospang thq fogwireddR 2 Aed
1%8321%? gl%hg Qrebl&o ﬁx{lp%ﬁr %gﬁ(a é; fgo‘rf apﬂdﬁplgﬁeﬁ% lel‘Cﬁll so%rces listed

inl Tabl@l Porgnsy bd pxapagedl arddgausigge knawal compduide sSaaffoSMmple

WS DR 3F 0B 06 1 Bk Sevi R o Rito tonnmosssy a

W@z(ﬁnb!&l&ks?@}om@bmm ew GIV3 062434 T R 20406930 eWa® 04002490,

Ac as eluent afforded
VWEIZHHO | 4366 ; Y0848 0 DROGA (99D 8 2 i WO a0 M0 a &M Wde2004058144,

watopdp PPy, $00@08y W afeBToks. wiploh sy pigaos.
WO 10596, %06@345/5]W6060ﬂ774%8(M@O@ZO%I%@WSQWS‘%
5, 6-Di nethyl pyrldlnecarba ehyde (Used to prepare

Exanpbiag thege aghgnes) al‘@gratuv@ gﬁ)aggmtg_(g proyigly alwwnativa sukgituents such

1IfE)s I \ NOA t| a) thhyl
a 1£6)Rd?Rne?tﬁy‘?( ]3b-e a)Plpar it ?SS&SVQ {he art To a m xture

of nBidydr dotaklk &ﬁ‘@h@pt@bdﬂ@ﬁ&r afcm)ympodhdw@f&rdmmél @ gre (&R in the

ng, 2.375 mmol), tetrakis(triphenyl phosphine)palladi um
EE@?P%Q?S ng, 0.238 mmol) and K2CO3 (492 ngy, 3.56 nmol)

in dioxane (6.5 m), trimethylboroxin (1.328 m, 9.50

nmol ) was added under argon. The reaction m xture was
Fhﬂﬁnbﬁoaiaﬂdadhﬁnmnﬁﬁom The reaction mxture mas

allo coQ t

dth
silidhe a%{ C@Hﬁ&@ﬁmaﬁ%@ ?rg{l@r el Cl r ou%ﬁﬁc%f(? %g) the inyention may
b?ﬁﬁrﬁhla@éd foPHdIhfnﬁs‘fﬁEbQ'[h &m Johaaherﬁ%grm; 9&&@ ﬂamﬁaﬁl ot B&erinary

Fl ashmast er 20g silica
meilxings kg amflo gyexmlm ethan @htﬁa@tAuala or elhtudmrcaarf @nq:@anSY 6 ny
?fs g%%lﬂr ed ¢o r{%o nd pm%ﬁ%lpyw tﬁg H]alentlon 1ncluﬁ18 tlg)sg 5 %hfqualnadapted

foR fordfetbbl\éhl ot p@réiﬁ'téi‘ﬁtdiy In@nRYy b dkaPeRIRAXAAER of BA&eri infection
1.671 mol) DCM (6 ml ), DI BAL-H (1.5 Msolution in

ot ipfagtipe Wit i\z»{womzcte@um Tuhenetlysiniasmantels ideloging Samaps.
-78C under N2. The reaction mxture was allowed to
warmto rt and stirred overnight. To this solution was
added saturated, aqueous NaK-tartrate sol ution

foll owed by DCM The organi2z phase was separ at ed,
dried and concentrated to afford 175 ng of the crude
material. Purification by flash chromat ography using
Flashnaster I, a 5g S|I|ca gel cartrldge and

S Y ht\nu AR A I/~ o Y B AN 0 Y




title conpound (a)

(5-Chl oro-6-et hyl-3-pyridinyl)net hanol To a
w@ioat#em of (5, 6-di chl oro-3-pyridi nyl) nmet hanoPCT/BB®09/056177

ng, 2.81 mol), K2CO3 (1165 ny, 8.43 nmol), and

[1,1 - Bls(dlphenylphosphlno)

If ﬁ ' [|- g(ﬁl:t;]olno o pg%lhod—@ad Ylatg rgglgsérnggn gy %1%[ rouge ropriate
tormlbﬁcterﬂl @nifoX EIH{tﬁbé’f@tﬁalstthraf)f dTH@Q&ﬁ Js@{dndmdyde it @hé"forrn of

in apressuretu e. The resutlng mxture was quenc ed
tabjstm cammea,qmwdemq gmﬁmbq,demmgeﬂ—@eamtqr lhqpllel prermmations, such as oral

wgt racted w.t h The conbi ned organic | ayers were

SHEdARReRAL Py 8ns %rr%u%ené\%‘? MySO4, and concentr at ed
underhé RPUGEErRuRSISHY 6F thd PRsER SEHBoNBR Y e prdsb@dd BY, for
flash chromat ography using Fl ashnast er ?,I spheri cal

insfanee Qinj@knts aareansiefdoBmssere giotnppps andzayd ofFattdipRss irapregnated

ST, SR AT o Ay
pieservdibes, sélx@ﬁts(ts ass?didrugZpedétrdttpn a&tﬂ)emoll.iéiﬁs inksntmkehds,and creams.

1.27Ej I—? [ES MS] mz 172 (MH'). (b). Title
conpdintprmy a@ﬁ%méye ecAytrinopyafibicirer AN @Rrifss, such as

I
oSy el R or AU AHEREL P fiofg ik S By gy be
prepa@ilt hs fmmD(BM1( 14% nip)to abelit i &o ofi the tormulvaen s Mare @suadlly they will
room t enper over n| TLC (10% DCM MeOH) showed
forp A 3 Wa%%e)JP’gﬁhe:‘é %}Oﬁlg An excess of M02 (261 ny,
3. OOFMilatldfﬁgfoﬁqgleﬂmlﬁfsﬁ%O%M fdrRQathfle cBmprisd B8lets or
reaction went to conpletion. The resulting suspension
capasles inl uret dwbe pnemaisimedrmi aitd IM@MWEorThe chnventiana ewaslents such as

trated duced
oS B oA AE AR eb D Py PR e ppm
p@?@ﬂa’y" &ﬁd@& ﬁﬁers Lo} exdtnpl8 1dcfose Wlar, hall-stfich, bhlcium

q 2H), 1.35 (t, 3H). Preparation 11
pmspbiﬁe,@@rtmob OBglbremh,thlblettwg dukricayts) e examile magheréumn gicagte,

ta{l@l, l{%ﬁlé&tﬁgﬁegg E%Bf c?tgs?hc%, E?%%’{%E%H%lfgef%ﬁ% potheB stEHE BF adbkptable

w{efti,hg -aghikto surhGrs RBdibmlladypyulpltits) y Thamblews hanbdedateti-according to
er| di necar boxyl at e A sol ution of
mfthf HvsEERYVBIMPPML AhRTABCFUtisR ¥R M necar boxyl at e
(11.
S o s fo THR, ciminisation may sl b in iauig form, for example in
theyfoutnin eﬁacmee%or’\@@ﬁﬂ%eh@@ﬁﬁ Soldkiokss @mplséor@5Gyufshr8Bxygs, or may

50, 3 (8.73 g, 61.5 mol) .in (200
bee it Fr P SBe BT KT AGer PPghyunatic veliel
bdfBRNRE agHél‘?h@M@ bf@pgﬁhoni\ﬁ em%oﬁ%tlénﬂ addBR MUY as
was ad portl onw se for until imne was nO
s@ec@cme@gebss foevmamplgisgitol, m@l%lmam@w ghisosecyedp, geldtin,

e R B St Doy S Bl vl e AR enaced

cdPRehts r@ﬁimeﬁn@ agesﬁsu If@f etx@mglewemﬁnd seibih MonebRYte, dracacia;
{[ (5-chl oro-6-nethy r|d|nl)methyl]amno

neyi-ptepHs ﬁféleﬁ%@&wlaméy dp eghb 9aidy), feE cxangyde raam%h qil, oily esters

U ARt e e R
of Ibfopﬂllzi)-hycﬁoﬁﬂ)eﬁﬁoatéﬁ) sorblic 83d({d, if2ired] ceefiiona® Havouring or
%16 1.20 (m 2H. [ES M§] mz 340 (M4'). (b) Title

N‘ [ (§u1536|sf?51‘?esﬁmﬁ%toﬁﬁé§n gbnm{ﬂtid?l'ap ﬁé?ﬁ@o?ybisef e% REEJaMBUIRr or

sol ution of
o@[ﬂ(ﬁycﬂﬂd@ro 6 nmet hy1- 3-
pyri di nyl ) met hyl ] am no} - 1- pi peri di necar boxyl ate (65.58
g, 193 mmol) in DCM (800 m) at 0 C was treated with
HC1L (4M solution in 1,4-diexane, 386 m, 1544 mmol)
and stirred at roomtenperature overnight. The
resulting white suspension was filtered, washed with
DCI\/I and hexane and dr| ed to obtain

o ~ a1



Vol atil es were renoved under vacuumto afford an
addi tional quantity of the desired conpound (649 ny,
waosy/1as9bei ge solid. 1H NVR (6, ppm CDC13): BCBEP00456177
s), 8.37 (1H, s), 3.97 (3H, s). (b) Methyl
5-brono-6-(trifluoronethyl)-3-pyridi necarboxyl ate
To a_sol ution of nethyl . .
5- br B¥oRaEet %faba%“lﬁwrﬁ’é% it prkgesageorss 4ty nrepare! yigizing the
coMRuhdand a Qikild ddhide 'Waterl‘(;mr%pmeli e E6MpddYia, 6 nlin) on the
stirred under Ar, nethyl
véhidle dind bmmtnmo(nfusqb rcos b Eidley Ishspecedeat @ diGoB4d m theashigle. In

hor.am,de .(7.99 .. .45.9
B eGP SReorihuR SR SoTEt b & nig o i s
stbRlid DR ﬂ[lﬁ1gtlﬁi@)6a fapRivi or alifble Sh@YRUngt arting
materi al remaining, nore Cul was added until startin
mat efAdEdntggeeuy Bt aggets sueless Ppcipngstliche, pressevatiyn and buffering
t I
énn%(s ﬁ%ﬁ%ﬁmoﬁl\é&l%gkgﬁcgﬂ %ooegﬁ%%cgih?dﬁ?tgmh%' c%%l%o\sﬁ?gn can be

fregpadfat tlingvashie via il iNedGleraadosa@tt unddiakibuusll iTéd doyer
anhsrdr ous Na2SO4, filtered and evaporated, under

1YPEW%PW‘#‘§§,W]§H sqald ipithayirbindgyp dcremaprryktoYal Qfgvaaiihfw

5508y 3 B LR 08O L PR aspnsions
ars-pioepanat- i6-sbstarftiallp ﬂmmtﬂeyha)nnar pyoepicihateba cd&nptgﬂrﬂtle sysper@led in

th(%’]quﬁi%(g ihst%%ffdi#?v@é@y a,@zftlon camgot be acgornpqlsged by

fiftrafBh N¥he Borhbbinid 4R 'b@ @%%hhyéd) byledpblrd k@R HROSYiHAbSfore

To a solution of net

sBprdompnghe steiilfel wbm&nm%dwgﬂln)agsetpw iagirfedantvo xettatgeagent is

s B st nitin el 15 TN ke FympO SR
tri mpkpHdR eXihe €0t oB&fniftstrafierl fhe ¥BBIpdsiBHEE may contain from

tetrakis(tri phen?/ hOSBhI ne) pal | adi um (0) (239 ng
0.9 72 waiebt. prefqigblyrfeene DR ”4 y(t)vmgét WA 8 cgmpwrébombatmﬁgtwn

V\"’H&g trhe cg&hgﬁ%élgs ctogrt g!(a?? Iuig ény ) ospﬂ ]%gg pﬁ{lf Eé(ﬁlnn from

5(6@9)00!\@1% oﬁdldsaai:tlua ingrecﬁérar Thadosmgt as edblowad fdmtiuld atueet adatment
The reaction m xture was diluted with water

W&ﬁﬁre&ze@&&% fign A0G0A00 M per d3iplon Btagrg Afi0cmp Resdy

e
R SR o R ol o A S A S BRI B Mg i from 5 10
3pmedsupee dajpuri ficati on by flash chromat ography using a

nexaEe EEPBIIAL Tadm By S Foh G FHBIAFFePabIe pharmaceuticaly
ac%‘e%ﬁt)l@éll‘t Br Ntcthﬁé ﬂh@fﬁ% m(%ﬁef%e)thg’ SH¥ 'Eﬂegz!)tﬂéﬁﬁ@ﬁ%éﬂi(ﬁl @k %?rnposmons

ofgthp 'm\(em’&pn g)r 1t ma}()lﬁp 1§r8¢¢nt g])the ﬁorgmle(t@)[q n gg)rnb(n@ylon w1th one or more

(;]dgtl%{lai Ef/empegt&t [ LFE rlrII‘?\;erI]l 10 thus p¥0V1 cs, 1¥1| é;,l fn’?&ler aspect a

ccﬁnﬁﬁﬁtﬂ){ﬂc&nﬁﬂsiﬂg“ d M@ﬁﬁﬂ Yy Fb)rn%xl@{fl? | gHarhaah eyl dally@cceptable
552 gﬁ% m) stirred under N2 at
t Q@ ledﬁdl@moféo ftfthﬁrpI@foancsA@dwleqal ghauppeyfig eg@ws-i n
tolu r
mi xt Sﬁg 01\1/\62%&? qyrapg%og% t%%ﬂtlg i %%r T{&&Ipo é%ﬁgé&l@ useful for
tHearsptiait of Ribeicalodisdht mahir@all &xainptn offkxdhitherap@sic agents include
diluted with Pb@gpand concentrated under reduced
isppiggidystBambyial, FiganpRnePifng Ay de SEEP MY HNaCaPRFORYEIN, ciprofloxacin
miﬂhHﬁkﬂﬁnﬁnd extracted twice with EtOAc. The conbi ned
organi ¢ phases were dried over anhydrous Na2SO4 and
concentrated under reduced. Purification by flash
chromat ogr aphy using a 10 g silica gel cartridge, and
m xtures of DCM and MeOH as el uent afforded
[5-nmet hyl-6-(trifluoronethgh)-3-pyridinyl]netanol (297
ng, 54% . 1HNMR (6, ppm CDC13): 8.48 (1H s), 7.70
(1H, s), 4.81 (2H, s), 2.53 (3H, s). (e) Title
conpound

1. A ”~ /. " 0 a1l AN ~ = .



0)..." . a \N (b) (c) O

T Cl 1\ N®w1
wamy/ulsm o 0 HL(f)O(e) I 00 title conpound (BQT/EP1099/056177
5- chl or o- 6-i odo- 3- pyri di necar boxyl at e To a

solutlon of ethyl 5,6-dichloro-3- pyrldlnecarboxylate

4.54 ) in prgpionitrile (30 nl) red

u ndegvlﬁfltarct?ﬁ’é’ﬁgg % u{faeﬁﬁ oF APl e aRaN Al ate Bl
ph&ﬂa%ﬁ(z@ﬁﬁé’%eﬂabl@%al@@r RRlide @BRof B%@éd in%hhﬂﬂa%‘oh &t one or

mol ). After stirring for
m@n& aﬁeimomh&le@palpm agead, tho ddsoefebs corpmindivr agm (matyrct)ﬁfﬁ from

di ssol ved t d : te
b e R et S i A0t PSSR LR b espaity
apirtiatBEV, titbst SietlIey BRI thaahy ﬁr@usoeWMla@dadh@m@ gnbhtord

under reduced pressure. Purification by flash
crhp@re tod drcaphsntiesiang the enstomaare pddifionad thegpeyii¢ pgeatsysfiuired for

u%%{rln.ttr)%?tgr?e%t ?ﬁ]?a P{ g}/l& b 0 af?lfe QQCP{!; h?lhd_ﬁlcﬁlsbeq}lgu EQatec?Mdotilg gge and

the-cohdlieiom 3f i platém aadmbib by Iuatrﬁatelylaeﬂm dxdcrgt®nWwalishe attendant
repurification by flash chromat ography usi ng
PlpysidHnRISteEstinprian. g 50q Nbrck silica gel cartridge, and

or o0 A e e Pl b PER

p]a:amﬂacetlmlca;ldbrrdulatl(bﬁ N f(lﬁhetmsm;ct GDMEPyeseht. i8Rerton t]idf& is provided
E8) o St W@Wﬁn%&q%o%%m%% a co ’p0111n(fr g'f lg’orrnula {T) or a
pﬁa@m@&’é&%ﬂiﬁadc%&@bl@ SRl b Qidxydo tRBlHA %ﬁether with onPloBleréhdditional

was slowly added to a solution of
th@tdpyutlcsagchtsomtﬂ&neMcnmﬁe phardiceusrallp asogbtable c(a‘s’(t)@s [gysipients or

1. 605 In THE
abisped Gartisifialiruaond of sl cafbinioty By B i Pibisrgg cither
eﬁ]usntﬁdlll@ or BRRulGhEddsly iR skhBatdloy chieBine@bhardac@REl foemulations by
slowy attain roomtenperature overnight. Next
apeaivaRjentTPEeshowed starting material renmining The
sol u . - . I -H (3. . .
7 R ERR s ey EP e Sl bl gption
ot éhef cr@nort adpieoad] vlickapindc agdn@ naz bt adinduittcred st eWhal

was . still observed. More DIBAL-H (6.74 nl) was added
agpdisHEOR i ST PISAneRYs, Fwn&ln%t@a@%ya?w@ﬁaw%ed either in the same

oP&ﬁ%fé’n@fi‘ﬁamﬁ&’éu‘tw&l%ﬁﬁfo%%H Wasn 9&3&&5 el thSRUHE eglanon it will

aqueous NaK-tartrate solution an AC were a
beEarppremated)ﬂ;at theycompo(iv&ggentsinhist bt stable aad dompatible with each
oncen i on affor

oL 43} 1 B ?W@nﬁﬂ? e Ry iteh B (05942l scrptgiylyglcy may

b@p RN i$ Qﬁy ébn%ﬁ@ntefﬁﬁﬂﬁiﬂtl&rp cgﬁve‘ﬂ%@iy I sﬁéﬁ%naﬁéis asSdr€Rnown
10 NVR CDC13): 8.24 (s, 1H). 7.71 (s, H)
fatquhqmpoznpis mzthqzrt( bs, 1H) [ES M§] mz 270 (MH '

o R @%gz

cdfﬁposiﬂdh@ of EHH—ihx)entl@fl QZ a cHMapinaiiey &th 03e A hots otB&: alltlbacterlal
and DCM (20 m ) was stirred at 40 C for 24

rslzﬁweanélﬂ&aefqu}?@ Cﬁ@p@mdal If fgcothgriantibasirid ise thtbenr@'& e

9@§ the suspension stirred at
b§%9é$é@g?%$€h} %g%ﬁgﬂgggfull conversion. Filtration
and Congeidsal iFormah {Dmetgchlso be used in the treatment of bacterial

5-chl oro-6-j odo- 3-pyridjn ecarbald yde
infectign,caginpe Piwdgf‘p@%e a@rﬁsrﬂ%)ms %ﬁr%rﬁélea@me and Gram-

p&% organisms. Some compounds of Formula (I) may be active against more than one

organism. This may be determined by the methods described herein.
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1H NVR (6, ppm CDC13): 10.08 (s, 1H), 8.68 (s, 1H),
8.07 (s, 1H). [ES M5] nlz 267 (MH'). (d)
wWG2(0Bi1$i3o%et hyl oxy) net hyl1] - 3- chl or o- 2-i odopyr i dPEEEP2009/056177
A m xture of 5-chl oro-6-iodo-3-pyridi necarbal dehyde
(260 ng, 0.972 mol ), trinmethyl orthoformate (1 064

m 72 ), . ) M i MeO 0.778
mol 311 a(@%% uﬁf ]dlérffalt 'regtdfrrnte? tg %rfrrts ﬁ%&@?ﬁt PPIé‘ffa’é?nS cited in
tsp gcﬁi@a[tloﬁ aft heTéiﬁ:lrﬁhﬂ%?éﬂecf by e fBQRY 8¢ Feth indi bﬁiu§lcﬂuml&a@16n were

vvas cooled to roomtenperat'ure and concentrated under
speadigalty anfliedividsaltjuiedisatsd th heunemparated by atferenieHiCEan andiough fully
E_EOAC Extraction, drying (My504), filtration, and
?ﬂ:hentratron afforded 271.5 ng of crude nmaterial.
Purl ﬁ"h@&Hlo@f‘nf?EX5&?@@11@%&%6%5@?5’[%n@c@ﬁmﬁ'c@ﬁl BB
, a 5g silica gel cartridge, and m xtures of hexane
quplg(l@ Ard the agtiyisnef @ftﬂ]@rc@gu)ounds of Formula (I) against various bacterial

[ ridine

ozghng SRS AR LSR8 P48 BreRARRIE Loed 1 n
t he next step W t hout further purification. 1H NWR (6,
ppm CDC13 8.35 (s, 1H), 7.75 (s, 1H), 5.45 (s, 1H),
Examples anddiyperieytals] m z 314 (MH ° ). (e) 1-
AbB ebﬁ'ﬂ?ﬁf@stemﬁle%fw) met hy1] - 3-chl or o- 2- pyri di nyl }
ot hano ol uti on of
ABOHDi s( et hyl oxy) mesdeyit peid- chl or o- 2-i odopyri di ne (239

0.762 mmol) in THE ) was slowy added to a
AE%? ution of i-PrMcl 1&%@‘5((1;&1‘160 800 mml) in THF (1.5
Al ) at -20 C under pganpd the mxture was stirred at

that tenperature. Aftef 30 min a snmall anount of
B&Carting materi al wigegthiutdxyorbenyled by LCMS. After 2

L .still showed. so t ing, material. Mire
Bb-%%%g? 60 1A mgl'%ﬁf%dﬁa %‘?‘%&er 40 min
CHi,smppear ance of thgetdmtiild Ng materi al was observed by
LCVB. Acetal dehyde (47 I'A, 0.841 mmol) was added and
CBée mixture sti rredC?ébObez@ylc for 10 mn. Partial

er si on was obser nQ ev on vas
BB L ea nr e 5 b EREBY chtbRe B Do R LR s sitce
no changes were Obs@lrtY&fénﬁfE@ﬂ'Mgﬁ)wﬂb @oﬁy b&NVRr, Adieado)
it was quenched with saturated NHACL, extracted with
CEsOME, dried (I\/gSO4§tf1ﬂﬂ¢H0ﬂ@f1é’él)tﬂ@ﬁ@yf§dm@ent rated to

ord 177.4 ny of £ as a brown oil. The
Dﬁf)f{ﬁxture was purifi egngey ?xllg;gé]% chr omat ogr aphy usi ng
DEMshmaster |1, a | @ghiWesméthsid | ca gel cartrr dge, and
m xtures of hexane and Et OAc_as_ el uent.
DD§? s( et hyl oxy) net hy-3idi dﬂef«?r%é@lczawr%bquaulmqra(ﬁer
(67 mg, 38% was is low oil. 1H NWR (6,
ppm CDC13): 8.52 (%ﬁ{aﬁ?mﬁ’%‘%@éﬁ? 5.45 (s, 1H),
DEBRO-15. 11 (m 1H), diusbbudyl alﬁnﬂniunﬂhj)dnda 34 (s, 6H),
D 4703.[135 (d, 3H). hlmetﬁ@bmaml 32 (MH"). (f) Title
Da1$dgor o- 6- (1- hydr O&éiﬁér’ﬁﬁéh)dnﬁetﬁylrshl%ﬂ%ar bal dehyde
1- {5-[Bi s(net hyl oxy) met hy1] - 3-chl oro- 2- pyri di nyl }
DM$anol (66 ng, O. 28@1&1&@@@@ di ssol ved in Et0Ac and
E ied with 1M HCL. The Bhases wer epar at ed and the
g@?) ous one was t akSHCTAPEIIES 3PES Oflf’? 0% Na2CO3 and
EexAgacted with Et OAEtoﬂél ed (Mg504), filtered, and
concentrated to give 54.4 ng of a brown oil. By
Ef®HNMVR, partial hyde®iidis of the acetal (-20% was
served. The crude olved in EtOAc (5 m), and
Egﬁrred wth 1 MHC W@'l%%S 00 mmol ) at room
ht enperat ure overni ghéurs Basi fi cati on with 10% Na2CG3,
extraction with EtOAc, drying (My504), filtration, and
concentration afforded
5-chl oro- 6- (1- hydr oxyet hyl 26 3- pyri di necar bal dehyde
(49.5 ng, 94% as a brown oil inpurified with ca. 6%
starting material. It will be used for the next step
vvrthout further purrfrcatron 1H-NI\/R (6 _ppm CDC13):
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H--- NC title conpound A m xture of
(6-chl oro-5-net hyl- 3-pyridi nyl)net hanol (300 ng, 1.904
wonewbi413% 02 (Magtrieve) (2.398 g, 28.5 nmol ), PEREPDCMS6177
(15 M) was stirred at 40 Cin a closed tube
overni ght. TLC showed sone starting material remaining
H?(gfitional Cr02 (0. g s added.. After heatlng4
itional hours, TIENPRENRRAICEIAvdShEREPGAPLY
L ration and conc
S or 0 5. ot hy - 51 cr AT SRS g
MgO¥ as a white sol indthat¢d NVR (6, ppm CDC13): 10 07

]\/gl’?is:ar% }_l?a't% |8t |72 ((:gn‘p oE?qgr@%or((%ﬁs g\‘f%kpﬁ%}%ﬁlomum rn%ﬁl’yl lI_g)ls’tylane

2- chl or o0- 4- met hyl bep#baiafe (Ap6idu®TecifirolRlk X/Ebenzm c
acid (500 ng, 2.93 mmol) was dissolved in t hanol

M#L) and 50C12 (0. 218cHinespfagl ey was sl owly added

xture and t oL at room
N%g#ﬁera *ure overni g%ﬂlh%nkleIq Ce{og( Pf%éy‘iﬁc showed
Nogmpl etion. Vol ati Iﬁfsmmgzlq)ymmamﬁ(sumw vacuum t o

afford 526 ng of the t|tIe compound as brown oil.
NMR NI\/R (6 ppm DI\/BO§1uC lear paagpefic reppnange sRFCiERSCony) | 7, 25

%g 3.81 (s, H%i 3 (s, 3H. (b)
chl oro 4- met hyl phenyl’) net anol  Met hyl
P@4{thl or o- 4- et hyl bepaltaatmn()ﬁaﬁbmypatﬂystz nmol ) was

ARSI L R R e

M xture was |eft at & {Rfperatkicand then at room
t enperat ure overni ght. Next nor ni ng HPLC showed no
SeKerartrigemat er i al  r sramiion egchangraeiion cortsiningstrohg dation

th Rochel | | t d d
hour and then 11 was st BATIARAE SR Gt Gurgiga by Verian,

concentrated to affpid. 365 ng of the final conpound,
ure enough to be used in the next step 1H NWR (6
gﬁrﬁ?l CDC13) 7. 35- 7te®t?B(1tn‘id1@ﬁ)hylsziyl7@thrsde 2H), 2. 33
(c) f2-chlo yl)met hyl acetate
ﬁ%o 2 sol ution of (2&%%%’})?2}5%&@{{ {/}I phenyl ) net hanol
TFA65 ng, 2.331 mol i)nfaidebaEtet&\hc(id) 390 nmL, 2.80 mml) in
Di chl or omet hane (DCM 0 pL) at OC AcOCl (0.331 ni,
66 mml) was sl owlsfa %%I‘r%hdthe mxture was |eft
uynder stirring at Oﬁtrfanole]c hour then at room
tenperature overni ght. Next norning HPLC showed no
st ar Piongn medler nalgnetenmisaiange (HINVIR) speaveveere exvonded, and

SR Ao B o s a2 b b Mancar
te%m%quwﬁﬁe maésp%b%mlmn@mrlmw@am&% ds ?&wsf 9&@1@% d=

the final conmpound as a brown oil

t COTI®Y; q 7.qart¢tdm =1 ppltipretodd € soutile) 6f51011b_1e(s$ dt(2:|-|§ioublet of

2. 3 (s, 3 11 . (d . .
iR aP eyt P12 oo B R et gheipd g lecirospray (BS)
1o&1?zaﬁbﬂ1 wcmlﬁuémtm{eﬂ{jﬁfhﬁr):ﬂ%h&ﬂor@ﬁﬁﬁ db@cdsARatiplide 2. 280

i ssolved in Chloroform (20 nL) and Al BN
( 18 ?&2 Wiy be gnderstopsrby )hefaiﬁdleﬂ@se@zs@deﬁ?gencgs toggenshgsions carried

o3 R AL, & hERERIE fend e ORE R IEE. Wb,
eﬂtﬁntplamj@lﬂiatlbﬁs 1W&6uti1f&:§)ad&1$etére du¢hr pdimnd, tangkratuby, twodlup conditions,
starting material and the reaction was stopped. The
MERGECHRECHELCABTE RIQURIS CfCeach r oom t enper at ur e,
succinimde was filtered, and volatiles renoved under
vacuum Correspondi ng cr ude was purified by using
flash nmaster chromatography Si |1 MERCK, 20 g
Hexane-acetate (0-30% . Wen purification was done, it
was found out that main conpound was starting nmateri al
(210 ng), and just 35 ng of27t he desired conpound were
obtained. 1H NVR (6 ppm CDCl13): 7.44-7.20 (m 3H),
5.2011 (s,2H), 4.43(s,2H), 2.13 (s, 3H). Preparation
19.
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(a) 2 3-Dichloro-5-1 1-dinplinmeth 1 sil 1 o,( neth
| *di ne A m xture of
W@ 20084 ¢i3eh| or o- 3- pyri di nyl ) met hanol (2000 ngy, RAT/RB2009/056177
mmol ), Et3N (2.349 m, 16.85 mmol), and
tert-butyl dinmethylsilyl chloride (1778 ng, 11.80 nmol)

[ 20 m d f 4
R BRa YRl e ier ol WA hidis Hibtign dgppinium
hgd?ﬁﬁsdlolfsoﬂﬁ lﬁfuﬁﬁﬁMh%mfdQﬂoﬁidnY hy&tﬂeogdcﬁjlﬁn G8fbhy HBde and sodium

and Et3N ("1.174 , 8. nmol ) were a dded.
trﬂﬁhetonybqrczh}eirlldeamtqamed/m usdérrrarm over ni ght. The crude

uted with and wat er,. The or
ohast s Sikrthintt ol PSeRo A bRaE e Eippfi@biated as
EQ4rfples €S2, Wel g 1washed , 99, tdm $aﬁnd\w&k p2yentddl & ebpedéeiitative of
Na2Sd4, f||tered ‘and concentrated under reduced

compaynds ef thiunventioatand of thy veriaehpreparaies shemphipfaiesidrig herein.
Flrl?lﬂ%% E?@?Bgﬁds Iolf ’the%négnt% %tr%) ol ‘tgrea{nlaf:o [ @sr 110?1 %’ar alas@ed in Table 1.

hexane an
2,3-Dichloro-5-({[(1, 1-

di met hyl et hyl ) (dimet hyl ) si |yl ]oxy} et hyl)pyridine 2.5
Egample /{ Compoupd; Pyathetis of ‘{lﬁélﬂeﬂ‘ {Efﬁ hioyo- égmqt hyl+gy

— t
P Rt T Do i Wt b G B o TR 2.3
ijpb/8eapdwthyfidib e % ivinle dvydr &ehidid €l uil-ng Preparatlve Scheme (3)
di met hyl et hyl ) (di met hyl ) si |yl ] oxy} net hyl) pyri di ne
(1500 ng, 5.13 mmol) in 1,4-dioxane (20 m ) was added
K2CO8 (2128 ny, 15.40 mol) .. The m xture wasl degassed

with N2, then vinyl borgm~g,"anhydri de pyf=di ne conpl ex
(1235 ng, 5.13 nnFrT—j?ghm N

tetraki s(triphenylphosphi neJpél | adi um \Q)A(I78 nu,

0. 154 mol) meFEéi?Ei:Eﬂ?%e reactign mxture was
stirred at refl ux tgnperjature overni ght. The crude was
diluted with wat ang“extracted twice with EtOAc. The

conmbi ned organi ¢ phases were washed with water and
wth sat. NaCl, dried over anhydrous MySO4 and

(@9 NEPRh &Ry IEd-[HRABIh ARG HE By riBH hidahdmiacby flash
chromat ography using Flashmaster I'T, a 50 g Merck

S|I|A&ug&mwoapfnmugbybaﬂdﬂkaI&B&g,bﬂﬁh%ManEDaﬁwCEbdA&823g,

2ﬁf%§iuen &?@g?ﬂe h|02SfPP§§%§i%%ﬂ?P?S@' sPReny! pyr

(dllghe%leﬁ@ﬁﬂuﬂIH& AdMothlksnthelk) (. 280284 AWthmpl) if @y, degassed 1,4-
| oro-6 ethenyl 3- pyr|d|n¥l)nethanol A solutlon
d]@f(ane (800 ml) under argon was sonicated for 0.25 h and then treated with 2-chloro-6-

BB AL, LY S B

fo"fBAPﬁ 8¢ hixtide was Mpmh) trédiedWwifth @a€er i 1)) Mﬁ%x&h&téd{ 8dDCM (1L

rogmtenperature overnight. The m xture
a@oﬁhee AX P8¢ 83) fﬂi@ OB OB sl gwk @5%394@#?"@%@%?&@&6 lgjromatographed
5‘(’)310?)@6 ? troldum &hgﬁhwwﬁe@%bﬁ/l%l ve tltle cornpound
cartri m xtures of Has el

ased f@tot mdc(s O@bgﬁl-iﬁt HenyihoB 75py)r Ingtiuny fr)m:mmhamaé re@dlﬁlﬁmed

(ahtg aér@a %4)5?8 ﬁgﬁﬂoq{sim}ippfoé‘%?% B%?giﬂm,l 15pg)- fotal yield of

og®l ution of 5-chloro-6-ethenyl-3-pyridinyl)methano
(394 ng, 2.323 mol) in DCM (20 nL) was added Cr02
[HIvheH] mi/2'2e9 (BE0200m8). 46.5 mmol ). The suspension was
stirred and heated at 40C in a pressure tube
overni ght. After overnight, TLC showed starting
material remaining More Cr02 (1951 ng, 23.23 mmol) was
added and the m xture was stirred for 5 h nore. The
suspension was filtered over nylon nmenbrane 0.45 | am
and the solvent was renoved in vacuo to give
5-chl or o- 6- et heny1- 3- pyri di2zgecar bal dehyde (222 ny,
559 . [ES M5] mlz 168MH "). (e)
5-[ Bi s( et hyl oxy) met hy1] - 3- chl or 0- 242- ( net hyl oxy) et hyl
Ipyrldlne In a sealed tube charged mnth a solutlon of
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Exanpl es were tested in the Mycobacterium tubercul osis
H37Rv i nhi bition assay. Mycobacterium tubercul osis
WOHB00R4130hi bi ti on Assay The neasur ement POI/EP19€9/056177
m ni mum i nhi bitory concentration (MC) for each tested
conmpound was perforrred in 96 vveIIs flat-bottom
of ol d dr ug

2-dumcthyprapanamidc

g 2 ol YL RCLL
perf r i
P Ay L e A o

264.4¢V wfnol he Tﬂ{%(@olmly oua Yhred m@hechﬂ flastawith gr chtermalathermometer

t t f I di |.ut
oS ol SE0bIe B P et BRI R B 847
meRl} 6 16 WhivereVasd sl ellow &l B3ekmob oMCddl 8RFr ekt 0P%or 7 h. The
medi um (Di fco cat al ogue ref. 271310). (Row 11, |ines

maxtppe wsi then fecpoled tndatC mstmamd withddedi tqmeélwntéﬂ 3ml, 317
my rlgwe@éa% ﬁe?gtlfd AN h{e sofition was all Q(? a lro%gq %ﬁ)erature and
dar a"to approxima ]I W& 487 an

std‘rédtdt ecbri tempeiﬁﬁrel fbr 30 ddmmwmm@ufwm ﬁhe @Mcﬁd’hﬁb hadKormed
ADC enri chnent, ehydrated cul ture nedia which
digsplprshagaing Cgnias 6‘rolmﬁ¥%@é SBEE &9 2 gpelybbler aagiplagpd @n one of the

fAhAR %&&Cm%rr()'l G 'l'bsv%b tm%r%ﬂgé% ot 18 Rfduted Rurther water

produce the fln i noc strain
(50A U6 1180 .ad@erkarithd mexitule®wvad exthacted MithicEth Q 13 w0 adgl lthe

QiR P%)grtn'c/r&ﬁ B ieutihie 5’@% 09280 At i misale e the

o B Phelbtath i nFeeolitFaby 'ﬂﬁ%ﬁ@%ﬁﬁo@a Y& ogtand in

tHe GRRZMH dvBrn$EHt UTRORs MBSt wlﬁmladc@ytamséé Qut‘&ba[&@ﬁlt%@&i off, washed
tabl et of resazurin (Resazurin Tablets for MIk

with sed-engledien O $20 88vand\dnRd Iimveqinde |gm¢a1r04_ltcdals 3 the) sqHd (45.660
r{,.e P e huffered s of this
echP SR O RIGR PRt JaRh BT o,
cmlaﬁtugmi)héeﬁgﬁm % YA cMB)- O @eldudi ctBeNit€ give révoebilcdlstading

nz Em ssion 590nm after 48 h to deternmne the MC
n\%ﬂﬂ@b 7.264 g, 34 f mmeliaiisl rredygh pea pdie salid (¥.93Fee, 27.99 2 mmol,

s R e T
arﬁﬂLCG\QS aAdl ko tvest @thioxainpl es showed an M C val ue of
2.42 ug/nmlL or lower. Al tested Exanpl es except
[@M&Mn@sz&mzﬁ@\mﬂlom) 35, 39, 40, 48, 52, 63, 64,
65 and 71 64 showed an M C val ue of 1.0iLig/nl or

| owner . " c> c; Starting conpound of /TT12
(c} 'Bll?\lll (T3 P2- [(/% Z—dlgﬂethylpﬁpano?fg)annno_?lfb -¢methyloxy)-3-pidinyl]-2-
C, CS
propenoate (c)

A mixture of N-[3-bromo-6-(methyloxy)-2-pyridinyl]-2,2-dimethylpropanamide
(78.738 g, 274 mmol), bis(tri-z-butylphosphine)palladium(0) (1 g, 1.957 mmol) and
tris(dibenzylidencacetone)dipalladium(0) (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(1H)-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,COs3 (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 ), 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) (15)-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-yl]Jmethyl } -4-piperidinyl)carbamate.

A solution of (15)-1-(hydroxymethyl)-1,2,5,6-tetrahydro-4 H,9H-imidazo[ 1,2,3-
if]-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

MgS0,), filtered, evaporated to give the crude product as a brown solid.
4

[ES MS] m/z 403 (MH™, 100%).

(1) 1,1-Dimethylethyl (1-{[(1R)-4.9-diox0-1,2-dihydro-4H.9H-imidazo[1,2.3-ij]-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%).

(j) AR)-1-[(4-Amino-1-piperidinyl)methyl]-1,2-dihydro-4H.9H-imidazo[1.2.3-i7]-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-i7]-1,8-naphthyridin-1-yl]methyl } -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-4 H,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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;4.04(s, 2H); 3. 15(dd, 1H); 3. 10- 7.43(m 1H);
WQ2@8/(1¢1398) ; 7. 17- 7. 14(m 1H); 6. 39(d, 1H); 5. 06- PCT/EP2009/056177

4.99(m 1H); 4. 55(dd, 1H); 4. 38(dd, 1H)

;3. 75(s, 2H); 3. 14(dd, 1H); 2. 96- 06 (r) .--. ..--....

re' ;-? 0.- ,,.-,- %)CIE . .
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)methyl]amino}-1-
piperidinyl)methyl]-1,2-dihydro-4H.9H-imidazo[1,2.3-ij]-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.

T
'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)methyl]amino } -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 (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").

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-

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

compound of Formula (ITA).
Cl
— " O~~(Ch
N
o) N N o) \ N/
NN =

(1) (1R)-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]Jamino }-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-i/]-1,8-naphthyridine-4,9-dione dihydrochloride (63.3 mg, 0.170 mmol)
and Et3N (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(OAc¢)3 (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,s), 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-yl)-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-

pyridinyl]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
NaySQy, 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 NH4CI (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
HCl 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-

yl)methyl]-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% ee).

[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 (MgSQOy), 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 MgSO4(~900 g), filtered and evaporated to give (2R)-2-{[6-(methyloxy)-
3-nitro-2-pyridinylJamino} -3-[(phenylmethyl)oxy]-1-propanol (1373.1 g, 115%) as an

orange oil.

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

{[(phenylmethyoxylmethylethyl)-6-(methyloxy)-3-nitro-2-pyridinamine

To a solution of (2R)-2-{[6-(methyloxy)-3-nitro-2-pyridinylJamino } -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 MgSQOy4 (~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>-((18)-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)silyl]oxy}-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 NaHCOj5 (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)(dimethyl)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 MgSO4 (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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(e) 4-((1.5)-2-{[(1.1-Dimethylethyl)(dimethyl)silylJoxy}-1-{[(phenylmethyl)oxy]methyl}
ethyl)-6-(methyloxy)-1.4-dihydropyrido[2.3-b]pyrazin-3(2H)-one

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-[((15)-2-{[(1,1-dimethylethyl)(dimethyl)silyl]oxy}-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)silylJoxy}-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.

(g) 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)silylJoxy}-1-(hydroxymethyl)ethyl]-6-
(methyloxy)pyrido[2,3-b]pyrazin-3(4H)-one.
'"H.NMR (9, 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)(dimethyl)silylJoxy}methyl)-1.2-dihydro-3 H.8H-

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
CHCIl; (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)silylJoxy} methyl)-1,2-dihydro-
3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione (0.806 g, 88%) as a tan solid.

'H-NMR (3, ppm, CDCl3): 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 Et:N (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 (MgSQ.), 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%.

19 0f

'H-NMR (8, ppm, CDCL3): 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-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").

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.

H
NH, N
o)
0 9 7/ \
| 1) NaBH(OAc),
N N § N N N
| P | CH,Cl,/MeOH |
N 7 2) HCI 4M in dioxane Z N CFy
ek N MeOH CiH
NN 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% NaHCO3 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, 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-

pyridinyljmethyl}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,COs3 (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
eluted 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 NH4Cl1 (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)/ NaHCOj (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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g, 36.9 mmol) was added. After 1h all the starting material was consumed so the reaction
was treated with a saturated solution of NaHCOj3 (350 ml) and the aqueous layer was
extracted with DCM (3 x 400 ml). The combined organic layers were dried over MgSQOy,
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-o0x0-3,4-
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 MgSQy, 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,8 H-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

52



9" g .,er, ,-,..cs FII Qlc) c-i nEcL, -, c-Aci 940
;0 7 -CN c1-13 \cHO -0-1N HO ce) 71- oo - <0 co,

WO/2009/1N3D8 0 ¢C; ,,...... , ro 0, c-? Td N rg u FECT/B8P2009/056177
ropPi-, -(1,) A: , -:-, EoO.-,co" OO0
oTit.,., i,

hydrogen for 3 h. The reaction was then filtered through a Celite pad and the impurities
washed with more ethanol. The product was then eluted with DMF (400 ml) and the
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) [(1.5)-3.8-Dioxo-1,2-dihydro-3 H.8 H-2a.5,8a-triazaacenaphthylen-1-ylJmethyl
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").

() L.1-Dimethylethyl (1-{[(1R)-3.8-diox0-1,2-dihydro-3H.8H-2a,5.8a-

triazaacenaphthylen-1-yl]methyl}-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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[ES MS] m/z 402 (MH ).

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

triazaacenaphthylene-3.8-dione

A solution of 1,1-dimethylethyl (1-{[(1R)-3,8-diox0-1,2-dihydro-3H,8 H-2a,5,8a-

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 MeOH
(0.5 ml) was stirred at room temperature overnight. NaBH(OAc); (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 (MgSO,), 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, CDCl3): 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-i/]-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); (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.
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(1R)-1-[(4-{[(5-bromo-6-methyl-3-pyridinyl)methyl]amino } -1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-i7]-1,8-naphthyridine-4,9-dione hydrochloride (47 mg,
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-piperidinyljmethyl}-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 eluent
afforded 2-{[4-({[6-(trifluoromethyl)-3-pyridazinylmethyl } amino)-1-
piperidinylJmethyl}-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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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)

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 (MgSQs), filtered, and concentrated.

Purification by flash chromatography using Flashmaster II, 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, IH), 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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Examplegs9 Compgund: Synthes}s 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-ds): 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 60 Compound: Synthesis of (1R)-1-{[4-({[|S-methyl-6-(trifluoromethyl) -3-

pyridinyljmethyl} amino)-1-piperidinyl] methyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-
ij]-1,8-naphthyridine-4,9-dione
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A mixture of (1R)-1-[(4-amino-1-piperidinyl)methyl]-1,2-dihydro-4H,9H-imidazo[1,2,3-
1j]-1,8-naphthyridine-4,9-dione (Example 1 sep (j): 70.5 mg, 0.235 mmol), 5-methyl-6-
(trifluoromethyl)-3-pyridinecarbaldehyde (Preparation 12: 37 mg, 0.196 mmol) and
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 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) | X
N =
N N\N/
l (b)
CF, N ©) CF, N
| - |
N = Br N =
N N

title compound
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(a) 3-lodo-6-methylpyridazine

To a solution of 3-chloro-6-methylpyridazine (500 mg) in HI (3 ml) was added
Nal (782 mg). The reaction was heated at 40 °C for 4 h and at 70 °C overnight. The
yellow precipitate was filtered. The mother liquors were basified using solid NaOH,
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
CE;TMS (185 ul) were added and stirring was continued overnight. Additional Cul (135
mg), KF (40 mg), and CF;TMS (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 CCls (3 ml) was heated

under reflux for 2 days. The solvent was evaporated to dryness under vacuum. The
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the title compound along with 15.3 mg (11%) of the dibrominated derivative.

'H-NMR (3, ppm, CDCLy): 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

X

/
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

—_—

| N
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N CN
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m(mol) o DCM, 6'29(11),.DIB:¢41L }ﬂ_(l)S M solution in toluene 0.905 ml, 1. 358 rnrnol) 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% NH; were added. Extraction, drying (MgSO,),
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

MnQO, (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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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
(MgSO0,), 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 (8, 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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title compound

(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, CDCL3): 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(PPhs)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,S0O,4 and concentrated under reduced pressure. The crude was purified by flash

chromatography using Flashmaster II, a 70 g spherical silica gel cartridge and
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DCM/MeOH 98:2 as eluent to give 2.0 g (41 %) of the title compound pure enough to be
used in the next step.

'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(PPhj), (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% MeOH 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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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 (8, ppm, CDCL3): 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-ethyl-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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Preparation 7. 5-Bromo-6-methyl-3-pyridinecarbaldehyde (used to prepare
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,SO4 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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'H-NMR(3, ppm, CDCL3): 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,CO3
(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 I, 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 (8, 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)
0
Cl
H N (a) o) | N
= =
N N
O
H N Cl
=
N

title compound

(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 W0O20006/137485 Al
Example 256) (250 mg, 1.607 mmol), ethylene glycol (179 ul, 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 (MgSOQy,), 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 (MgSOa), 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").

(¢) [3-Chloro-5-(1,3-dioxolan-2-yl)-2-pyridinyl Jmethanol

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
eluent 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, CDCl3): 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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To a solution of (5,6-dimethyl-3-pyridinyl)methanol (105 mg, 0.765 mmol) in
DCM (4 ml), MnO; (532 mg, 6.12 mmol) was added. After stirring overnight, an excess
of MnO; (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)

Cl Cl Cl
| N o @ | s (b) N H
P P
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 11, 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 (8, 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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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]lamino}-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)

0 0 O
Br
p = Z
N~ ~Cl N | CF,
(c)
0 O
~
H X ) HO X @ O N
_ _ —
N~ CF, N~ CF, N~ CF,

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,SQy4. 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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Volatiles were removed under vacuum to afford an additional quantity of the desired
compound (649 mg, 10%) as beige solid.
'H-NMR (3, ppm, CDCls): 8.85 (1H, s), 8.37 (1H, s), 3.97 (3H, s).

(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-(fluorosulfonyl)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, CDCls): 9.08 (1H, s), 8.27 (1H, s), 4.00 (3H, s), 2.57 (3H, s).
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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 IN 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-pyridinylJmethanol (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)

Cl Cl Cl
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title compound

(a) Methyl 3-chloro-5-(hydroxymethyl)-2-pyridinecarboxylate
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HCl (gas) was bubbled through a solution of 3-chloro-5-(hydroxymethyl)-2-
pyridinecarbonitrile (for a synthesis see Preparation 4(a)) (400 mg, 2.373 mmol) in
MeOH (25 mL) in ice bath. The mixture was refluxed overnight. HCI gas was bubbled
through the solution for a few minutes. The mixture was refluxed overnight. HPLC
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 NaHCOj; 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,SQy, 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").

(c) 2-[3-Chloro-5-({[(1.1-dimethylethyl)(dimethyl)silylJoxy}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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(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, CDCL:): 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").
(0]
Cl (©) Y x Cl
| P
| N |
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|

Preparation 14. (Used to prepare Example 72)
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To a solution of ethyl 5,6-dichloro-3-pyridinecarboxylate (1.00 g, 4.54 mmol) in
propionitrile (30 ml) stirred under nitrogen at room temperature was added sodium iodide
(2.044 g, 13.63 mmol) and iodotrimethylsilane (0.784 ml, 4.54 mmol). After stirring for
30 min, solvent was evaporated to dryness. The 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-
6-10do-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 (8, 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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brewn 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
(MgSO,), 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 pl, 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 pl) 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

81



S -1, - - ,,t0" ) ONT ''.

r ,''.,1.,1.)z- . ¢,17 1cc g .,--, ,0 cnd,-rd.)

WO 2009/148398 . . --... -,.--.,5., 7 ,-" 7, '"-'""cd TECT/EPDBY056177
“7"ue’',cl., kn.."¢c,,. -, 71-EF-,',--,d.-0"-"
-.--,0,"CArpg"-" i --20., . - . " - .,Cc. . ), _=

ngg' a_ilquzed?b%!g 1@0 phaégqs,z \ggr_%_o:b’se_‘r’y%d?e}fie_r :3 _Oglgif'_by__L('“CI}’/Ié ’OTI:I@H,’;) it’wq_ql o@’enched
whthdatdrated NH,C1, extthdied wit® tGAc, ded (MgS0,), filtered, and concentrated to
afford 177.4 mg of crude material as a brown oil.

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 HCL. 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)

O O
Br Br Br
~o | X @ HO | X b H N
s, s, s
N CF, N CF, N CF,

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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1.25(m2H). [ES M5] mz 460 (M

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)

0
cl
N @ Z N ®  H X
| — | — |
N = No = N =
N~ ~cCl N~ ~Cl N~ ~cCl

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(II) chloride (43.1 mg, 0.061 mmol), and 3,6-dichloro-
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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) H \
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) \©i/
O
O O
Cl Cl
Br (d)
Oj( OY

title compound 9] 0]

(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 (5 ppm, CDCL3): 7.44-7.20 (m, 3H), 5.2011 (s,2H), 4.43(s,2H), 2.13 (s, 3H).
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Preparation 19. 5-Chloro-6-[2-(methyloxy)ethyl]-3-pyridinecarbaldehyde (Used to

prepare Example 65)

Cl Cl Cl
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o 0
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title compound
(a) 2,3-Dichloro-5-({[(1.1-dimethylethyl)(dimethyl)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)silylJoxy}methyl)-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 II, 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 ).

(c) (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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4-1s-1 1..) ,1.)1-- tc.) I 1HNMR ((5, ppm CD30D):
8.41 (s, 1H), 8.07 (s, 1H), 7.88 (d, 1H), 7.78 (s,
WQ@aerHoo1613%% (d, 1H), 5.16-5.10 (m 1H), 4.45-4.BQr/Er3009/056177
2H), 3.93 (s, 2H), 3.13-3.07 (m 2H), 2.86 (dd, 1H),
2.78-2.73 (m 2H) 2.63 (s, 311), 2.36- 2.21 (m 2H),

C(%Ijggﬂlia]fef anc%n; (J?ﬁu pb T%e g%(c%;gSS (c{n gte%ig))ilth %ﬁt ?&%@éﬁ)g{aﬁd \frzgsS extracted

with@eM: S8 EOAR) Tl@e gé}nblgecﬁgfgﬂﬂu@]‘ﬁ))as% - dn%d%%mn%wmous NaQSO4
1.94(bs, 2H); 1. 52(m 2 mz 425 (NHL1).

and ()ongettcrated- uﬁder reduged; mEssil're ThQ g_rude was purifigation by, ﬂasl1
chr@?@tography(’]:léllng (agé% sﬂ;ga,gefl é:gftt;dge’ afld E (}Ag/élﬁxané 4‘ aas gluént to give
a mixtufe & S2Fb7qmktiFloxy)metdlyh]-3Cdhlor® %@E(rﬁetuyloﬁg)eﬂmyupm@dm@ @nd 5-

1 n-
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 (IIB))

@)

Cl Cl
(a) O |

D ———

O | N X
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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Method B

Sulphur trioxide pyridene complex (1010 mg, 6.35 mmol) was suspended in dry DMSO
(1.126 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
(Na,SQ,), filtered and concentrated to afford 5-chloro-6-methyl-3-pyridinecarbaldehyde
(435 mg, 88%) as a yellow solid.

'H-NMR (8, ppm, CDCls): 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
TTable 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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HQ)C ) c7s W-, ro-,-, i 7, ,C,,,r- 'c-t-" ,---,
-.'V.21 cna) ,11) 2 .50(m1H):2.37-2 .21
W@ 02Hh1398. . 92- 1.83(m 2H); 1. 44-1. 35(m 2H). [@31\/3]’20[1?/1256177
441 (M-1'). 2H); 5.05-4.97 (m 1H); 4.57 (dd, 1H),
4.36 (d, 1H):; 3.82 (s, 2H); 3.12 (dd, 1H): 3.01-2.97
m_ 1H): 2.80 (9 2K 2. 71.2.64 (m 2H)! 2. 58-2.52
b ! ASSAYSA (m 2H) ;
1. 48’T11;e %@a&%mgdf%f the: n%?nrﬁﬁm 1§lﬁ)rtor§(%§né\@1ramn¥ (MRS oMehch tested

cqmp_qund-we@qybt_fbrrﬁ,éd'un-% \quIE ﬂat-bo'(tom;]_inEsty@m: micratiter Blates. "Pen two-
foéd (Ci&)g dllgltlejls in'neat DM]SrO startmg at 4001 ul\% were pe#ormed.ZF ive ul 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 pgml'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 pg/ml or

lower. |
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a) (.0 a) G?cd > F.1,-, ZZ% 2 = -1-
WOROINR390  0- = 615') a PCT/EP2009/056177
Claims.

1. A compound of Formula (I) or a pharmaceutically acceptable salt or N-oxide
thereof:

/Rs
NC>—NH-CH2-U\
(R%),
0s_N._ _N__oO
Ty

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,_; 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,Haom- 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 (I) is represented by

the Formula (IA) or a pharmaceutically acceptable salt or N-oxide thereof:
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(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, OCF;, C,_; 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 OCFs3.

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, CH3, 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-pyridinylJmethyl } 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 Imethyl } amino)-1-piperidinyl jmethyl } -
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|methyl } -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 )methylJamino} -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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w@eoobHepspgle thereof: 1r ON NO 1 Z1Z72 / R NHPCHEP10RY/056177

(R6)", (1) wherein: one of Z1 and Z2 is CH or N and

the other is CH U represents a group selected
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(1?@?{@%@@1@?%8&%% a?opﬁZ'q éﬁn(éﬂ)gl E‘m{n‘SE‘igﬁlgeb d%%rlg%(eithyl}

1 QrdiN 4B imidab[ 1,2, §-ij¢!1 -haphtisiireetdaionst ry shown)
V\,herein one of Z1 and Z2 is CH or N and the other is
U represents a group selected from phenyl,

I I
2‘{%“ L8 R R S R R T i B BB 42
diR§d@r3H, BHdZﬂapfe&a}ainhgpesaﬂﬂqﬂﬁné -3.8amonchal o, CF3, OCF3,
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or 1. 3. A compound of claim1 wherein in Fornula (1)
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pyridazinyl, thiazolyl, and thi ophenyl. conpound

dibyydiok 3, §H12 anh 8¢-tiazadepaphthylence3, &ﬂhbl‘RS r epr esents CF3,
OCF3, d, Br, or NO2. 5. A conpound of claiml
wherein n = 1 and one of R5 and R6 represents C and
2%{:1%@4 Bﬁbrdpﬂ@ﬁ}ﬂﬁﬁéthﬂ]éﬂlmo%lp%ﬂ@l)r@ﬁlylﬁ& Ohy&HH, 8 H-
conpound claim1 wherein n = 1 and one of RS
2%ﬁ§a%azraé<mﬂégléhl’l§n¢3y§r¥hoﬁ%e other represents O, CF3,
CN, or CH3. 7. A conpound of claim1l wherein n =1
and one of R5 and R6 represents CH3 and the ot her
24 ep{[e3enlbsopBenyl B hylGCirdino C-paperNGR ) m EhylA 1 (2odih odio B FORH-

cI aim 1l wherein RS represents -CH2-OH, nis 1 and R6
23,3, 8gyjtriazaacenaphthylene-3,8-dione;

2-[(4-{[(4-methyl-3-nitrophenyl)methyl]amino } - 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;
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Z2, U R5 and R6 and n are as deflned in Formula (1),
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dipit YH 8B, 8Ba-triazaacenaphthylene-3,8-dione;

hydrochloride;

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

(1R)-1-{[4-({[5-methyl-6-(trifluoromethyl) -3-pyridinylmethyl} amino)-1-piperidinyl]
methyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;
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(1R)-1-{[4-({[5-bromo-6-(trifluoromethyl)-3-pyridinyl Jmethyl } amino)-1-
piperidinylJmethyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(1R)-1-{[4-({[5-chloro-6-(1-hydroxy-1-methylethyl)-3-pyridinyl Jmethyl } amino)-1-
piperidinylJmethyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(1R)-1-[(4-{[(5-fluoro-6-methyl-3-pyridinyl)methylJamino} -1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(1R)-1-{[4-({[3-chloro-4-(hydroxymethyl)phenyl Imethyl } amino)-1-piperidinyl Jmethyl } -
1,2-dihydro-4H,9H-imidazo[ 1,2,3-ij]-1,8-naphthyridine-4,9-dione;

3-chloro-5-{[(1-{[(2R)-3,8-diox0-1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylen-2-
ylJmethyl}-4-piperidinyl)amino]methyl}-2-pyridinecarbonitrile dihydrochloride;

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

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

(2-chloro-4-{[(1-{[(1R)-4,9-di0ox0-1,2-dihydro-4H,9H-imidazo[ 1,2,3-1j]-1,8-
naphthyridin-1-ylJmethyl } -4-piperidinyl)Jamino Jmethyl } phenyl)methyl acetate;

(1R)-1-{[4-({[5-chloro-6-(1-hydroxyethyl)-3-pyridinyl Jmethyl } amino)-1-piperidinyl]
methyl}-1,2-dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(1R)-1-[(4-{[(6-chloro-5-methyl-3-pyridazinyl)methyl]amino } -1-piperidinyl)methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

(1R)-1-[(4-{[(6-chloro-5-methyl-3-pyridinyl )methyl]Jamino } -1-piperidinyl) methyl]-1,2-
dihydro-4H,9H-imidazo[1,2,3-ij]-1,8-naphthyridine-4,9-dione;

139



WO 2009/141398 PCT/EP2009/056177

and

(2R)-2-{[4-({[5-methyl-6-(trifluoromethyl)-3-pyridinyl Jmethyl } amino)-1-
piperidinylJmethyl}-1,2-dihydro-3H,8H-2a,5,8a-triazaacenaphthylene-3,8-dione
hydrochloride.

13. The compound of claim 12 which is (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.

14. The compound of claim 12 which is (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.

15. The compound of claim 12 which is (1R)-1-{[4-({[6-(trifluoromethyl)-3-
pyridinyllmethyl} amino)-1-piperidinyl Jmethyl} -1,2-dihydro-4H,9H-imidazo[1,2,3-ij]-
1,8-naphthyridine-4,9-dione.

16. A pharmaceutical composition comprising a compound of claim 1, and one or

more pharmaceutically acceptable carriers, excipients or diluents.

17. A method of treatment of tuberculosis in mammals, particularly in man, which
method comprises the administration to a mammal in need of such treatment an effective

amount of a compound of claim 1.

18. A compound of claim 1 for use in therapy.
19. A compound of claim 1, for use in the treatment of tuberculosis in mammals.
20. The use of a compound of claim 1, in the manufacture of a medicament for use

in the treatment of tuberculosis in mammals.

21. A pharmaceutical composition comprising a compound of claim 1, and one or

more pharmaceutically acceptable carrier, excipient or diluent, for use in the treatment of
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tuberculosis in mammals.

22. 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):

O
(@) N N () S
T I T WU
\21 ZZ/ (R®),

(1) (11B)

wherein Zl, Zz, U, R and R® and n are as defined in Formula (D, and W is an
aldehyde moiety -CH=O0, the reaction being a reductive amination reaction, or W is a

bromomethyl moiety —CH,.Br.
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