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BACKGROUND OF THE INVENTION
5 This invention relates to certain substituted 3-cyano-[1.7], [1.5], and [1.8]

naphthyridine compounds as well as the pharmaceutically acceptable salts thereof.

The compounds of the present invention inhibit the action of certain growth factor

receptor protein tyrosine kinases (PTK) and other protein Kinases thereby inhibiting

the abnormal growth of certain cell types. The compounds of this invention are

10 therefore useful for the treatment of certain diseases that are the result of deregulation

of these PTKs. The compounds of this invention are anti-cancer agents and are useful

for the treatment of cancer in mammals. In addition, the compounds of this invention

are useful for the treatment or inhibition of polycystic kidney disease and colonic

polyps in mammals. This invention also relates to the manufacture of said 3-cyano-

15 [1.7), [1.5), and [1.8] naphthyridines, their use for the treatment of cancer and
polycystic kidney disease, and the pharmaceutical preparations containing them.

Protein tyrosine kinases are a class of enzymes that catalyze the transfer of a

phosphate group from ATP to a tyrosine residue located on a protein substrate.

Protein tyrosine kinases clearly play a role in normal cell growth. Many of the growth

20 factor receptor prdteins function as tyrosine kinases and it is by this process that they

effect signaling. The interaction of growth factors with these receptors is a necessary

event in normal regulation of cell growth. However, under certain conditions, as a

result of either mutation or overexpression, these receptors can become deregulated;

the result of this is uncontrolled cell proliferation which can lead to tumor growth and

25  ultimately to the disease known as cancer [Wilks A.F., Adv. Cancer Res., 60, 43

(1993) and Parsons, J.T.; Parsons, S.J., Important Advances in Oncology, DeVita V.T.

Ed., J.B. Lippincott Co., Phila., 3 (1993) ]. Among the growth factor receptor kinases

and their proto-oncogenes that have been identified and which are targets of the

compounds of this invention are the epidermal growth factor receptor kinase (EGF-R

30 kinase, the protein product of the erbB oncogene), and the product produced by the

erbB-2 (also referred to as the neu or HER2) oncogene. Since the phosphorylation

event is a necessary signal for cell division to occur and since overexpressed or
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of these PTKs. The compounds of this invention are anti-cancer agents and
are useful for the treatment of cancer in mamuals. |n addid1 667 2008
conmpounwe 00i6ssi s i nvention are useful for the treatnent roT/WSIIGRESO i on oOf
pol ycysti c ki dney di sease and colonic polyps in mammals. This invention
also relates to the manufacture of said 3-cyano[ 1.7] ) [ 1.5] ) and [ 1.8]
napht hyri di nes) their use for the treatment of cancer and pol ycystic ki dney
di sease) and the pharmaceutical preparations containing them Protein
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subst r at e. typpsine kinase inhibitar, will have thecdpeati¢ yalpé dor the tea@ndnd of @intRt ag®! |

growt h. Many of..the owth factor receptor proteins function as tyrosine
ki nases anag’ﬂ' d}%“%%ﬁﬁa&“ﬂ%&é’ysuqcﬁﬁtfﬁkﬂe@f abnpepal aellograwitn For Enample,
interactio i1 D: I1$ @ _hecessary.event in
nor mal regg‘llégtéfig%&gdqggﬁﬁé gre;é)?&%ft %@gﬁu@ﬁﬁggﬁé %étﬁ'&i PRCOSHRS ﬁ?% REST as a
resul t Sof assotietedwitiohiman breastaidevariassineers [Shamn, DeF.eal A Schabe Pagone

der egul at e_gd é}% result of this is uncontrolled .cefl proliferation which
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di vision to occur and since ovérexpresse 2003
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t her apeut iTEV4P r Lite @St ns 145 1E46592) and) Chargy C.1} Gealer R.L.,

h teri I h. For,. l.
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al .) Science, 244, 7Q7 ;11989) and Science) 235 , 1146 (1987)J. Deregul ation
of EGF-R KPPRESShatresylh ahleaskinnag Som dereguiationcf this qeceptonr Thé Banpounds! , et .

ni | cancer RS mvemtiop e fsh gt Jor b Rale B0 rmVihBR o Sekefhs i gane
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of the role played by dereqgul ated receptor kinases in the pathogenesis of
cancer, n&?ﬁfpgﬁ%ﬁﬂﬁu@%mﬁﬁm@ﬁdealt with ttie devel opment of specific

PTK i sdi bi t or s ;a4 t | pti - gancer rapeutic ents [sonme regent
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treating Berdmen JdiPbysiok 2692, 1)s48h(1995); Nauea )., ehall, PedidiHt Reséarkieast in
part, fro r Lon, of this receptor. The conmpounds of this invention
are al so %@uﬁ?@g%hg}ﬁtwgametﬁﬁdbﬁﬁ%ﬁm@nﬁﬂbﬂeﬂggﬁzh IHMd8er ous
condi t i ONWilsodDASett 1€ KONt f I p resul t t in
part, from deregul Z?ti%n %{p%i@ggr%‘%g’ptg r]Psz%i, ?%9%3@?2@50%8%§% ﬂ%a&ﬁss

der egdfl at inyenton, Rdch inhéhit thescatalytic fimction of e tBGF guveptors) hrecidinbdi@bat®) Cyst s

in the dise descri bed as. polycystic kidney disease [Du J., | son P. D.)
Aner. J. ﬁ?@l%BTﬁfe%Q?@t ﬂ%ﬁ,d‘SQGSF-(lQQS); Nauta J., et al., Pediatric

Research | oo he piach-paaka b Qe ptansS ey BRSSP ISR Abin,
61(1)) 13the cellalB}ignallirensdootion badsadef frédigtowh faBWAN0 B8 LelMibQ ?ﬁ. MyDi t the

catal ytic 2{H;‘mct ion of the EG- receptors) are consequently use for the
t r eat ment PBRWRY iRValyesckinases Tatctwig lewelenMAR kinase dinasest MAPKIKDaand ¢iaiPK)

pat hwy | §bmiiBi mg? ' | lul ar.signal transdyctj ascade from
gr owt h f oo vy 4 Zéce %"W‘gﬁsﬁﬁfﬁ@%&{f?ﬁxﬁ@} ‘F?ﬁ?ﬁ%é‘éaﬁ?i@e 2%¢ t wo
level s: Mamilyi r@oerdvievases RoWORUEs ard i iet | KRBs RSES 27 §1S oMY, iiases
(MAPK). There are different di\"lsgoforms in the MAP Ki nase 'fa‘?ln' ?’y (For review)
see Rony Seger and Edwin G Krebs, FASEB, Vol. 9, 726, June WO 00/ 66583
-3 21 OCT 20D3 PGINS00/ 10250 1995). The conpounds of this invention can
inhibit the action of two of these kinases: MEK, a MAP ki nase kinase, and
its substrate ERK, a MAP kinase. MEK is activated by phosphorylation on two
serine residues by upstream ki nases such as nmenbers of the raf famly. Wen
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Cin. Invest. Vol. 99) No. 7April 1997). It tias been denonstrated~that
inhibition ef MEK prevents activation of ERK and subsequeng 1agit wggi on of
ERK substrates in cells, resulting in inhibition of cell D&m%\éﬁ‘i‘o ?%ul ation
and reve™QPU6ES83 he phenotype of ras-transforned cells (DA FPOYIB ey)
Long Pang) Stuart J. Decker, Al exander J. 15 Bridges) and Alan R Saltiel)
PNAS) Vol . 92, 7686) August 1995). Sinceq, _as denonstrated below, the
conmpounds of this invention can inhibit ?he coupl ed action of MEK and ERK ,

they are useful f the treatnent. of di seases,syuch as cancer which are
characteri zéagﬁ)y o?ﬂWRﬂ“Pgﬁr‘T’géhs invenyan.caly inubih the agfam,of gwo efythese
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LERK-1 and jfpg PR 4G of f faﬁ.a ﬁ%séd@g&gwnﬁgg&hapy ERIPAtbérA8d in

proi nfl ammat ory "cyt oki nes. Many of these t r ce SO express ECK at
hi gher S | eotilss réshitingtih énhibition roficelt @rowhr gtimmul stiont dndrretersal rofahe phemotype
opportunity for aut I

i i ia ECK : LERK-1 | i h
i ncreased e s%ﬂvéfpwg stiqréu@.l@a 'hl"ﬁgﬂl\ék!i@gl?&égb%@?ft éo‘lp‘i[’]‘%l%g?-‘glyx%aqﬁ}t ﬁe
transf opsmt pARes! SR ANAMRE SUAE UNARCYAY 351 RsBOWARL o802
a rtrecallly g el afonmes” " fog

of ;growt h
into very invasSive ve rowng hetastatic PRar

D

t he
ECK ' LERK- demhoristraged! belddw, the R6poineit ¢fOothikiniértiotcan intiibit th evvpled aéder S
tunor growth pronoting and angi ogenic effects. Thus, the inhibition of the
ECK tyrosi nef I&Eﬁwd i they gresefd fomige trepapeat phdiseasescaigh as panreewhigh i t s

bi ndi ng and_cr - | i.nki 5 be therapeuti cal l e oy in
cancer, inf"I"rarﬁ:’r‘iz'rgfacg?%l}l g‘lig)ggéccebg hgg%gﬁlygé) PR ﬁdg‘?ﬁ%’ agiles%f' g‘e&g{’ d%bérllds
shown bel ovwyn tHeeMAPKOp4athiay.0f this invention inhibit the tyrosine kinase
activity of ECK 15 and are therefore useful for the treatnent of the

afore i oned dEsiheliat CellKingse (BEKNds @ wotptor pratin sytosingdgaaige®PER) t he
angi ogenesi s i nv.aol vi ng aehivati on rolideration,and m ggat.i on vascul ar
endot hel i al 3“68%‘& a';r‘?dﬂ'{ehgﬂ'I Z%‘B@gaﬂ‘@ﬁ{m oé@ﬁ‘é‘?%{}ﬁ%ﬁag )i yCap&fltPgP@‘
tubes. Angi gggRhERidORMRE hd'HRr SpididliaYSlide I deptKeda®xygen
and nutrients, an)zl1 lgl SO provi despﬁ\éem adeg%%eg%sgygéﬁﬁgi%ﬁgehence

i nhi bi ti ng subgequpatipshesnishowm tomberexpmessed@nayasatiac esdotheléad yedlls, sotoodn| y

cancer but alsqQ in.a n er,.of c ] ¢ di seases such as_.rheunntoi d
CaTbrire" Buble cBng angThenits. BEK is g | IEgemeBbne §1YApHEn With the

degenersxt i 0 i Qdhd- ﬁﬂs%qﬂ pher . %ﬁgﬂ RINed b
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fact or. VEGHreea fibconedtimeypec [Iflirepdats. d€FHei imkracelRfarndorhsin off ECKe pB¥3ebsesaai | vy,
i's an endot hel i al_ cell -sa?eci fic mtogen and iis known to caus f ound

i ncrease i ntYFoRine kidase caralgiadnmmain;that pitiates Aignal (rapsduetien %SFSQFI{O : EEHRS yes.
VEG- | | t] LAl f . L I'ls.
A st ai | e b ER HERAERC BAK S dlds SHshldiuy 86} ka bY iRl EecdBlors

VEGF i n reshigané forEphaRélated Kinhase (L ERIK)CH, wehidhois Ay iidediatedanlyaespaisp genat i on,
advanced 30 gl ycation products) inflanmmtory cytokines, etc.,.
G owt h-36r on@rorlig epadily gediiciblefiped tlinegge-ymestrigied memnest with protflamBAONY, vi a
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-5 PCT/ US00/ 10250 Dommi n cont ai ni ng Receptor (KDR). The expression of KDR
is low on nost endothelial cells; however, activation w tdq i ni c
agents results in a significant upregulation of KDR on ep ,agé/m o cells.
Most aWp W#3zed bl ood vessel s express high levels of KDR KDR is a
receptor protein tyrosine kinase with an extracellular 5 VEG-- bi ndi ng

domai n consisting of 7 inmmnoglobulin-14ke domains and a cytoplasnic donain
containing the catalytic tyrosine kinase domain split by a kinase insert

region. Binding to VEGF causes.dj lzation aof K esul ti in its.

aut ophos ph8ngipganesis 1 part &’M i Wq%gﬁﬁﬁ GrfaHRAg “ggglggtsj‘éq W?ﬁ?n%l%i ase
activity o |.S. e i artSE thRd fofl $:5i L I {&@vas a
recept or f@ﬁ@&.&rl n |C§*n%tlkﬁj;1 o’fWrer%ndf gtf e\r' fo&ﬁgﬁ%a%glﬁ ce(ﬁsgt?tﬁ S gy

i nhi bi ti ngekipktsSLERKRN YandCthésc xpressior sarc dushetebe diptegulmedirby inypoxiarand

therapeutic strategy in the treatnent of diseasg 'states sug& S cancer
t hat depengrojaflapmatory, eyokinegr dany. of@esemmﬂbasevexwm KSGJH Tof

this inyention inhibit the tyrosi N |\ Srin
therefote iﬁ’éﬁtﬁ‘a‘? theix permpal cpy ??ﬁﬁfk&ftﬁg?aﬁéogrdenﬁeﬁ?gé%ﬁ EEljsg‘éfjfsag{tstate es. 15
The Src fae&xhulaﬁbn ¢4 POKeSIERKPI Qhteiadtién.r ThiiAcrehspdsexpressivi of BothfEGK | east
ei ght nenbers that participate in a variety of signaling

at hways
( Schwar t zbend) LBRKA1. hasCheso gomelated withs the1a@rsformpgion. ofrmlgmwt éﬁﬁ“c‘i‘F
nenber of this tyrosine kinase fapily i,s.p60 (Src), Src .iS.. | LN
proliferat Peﬁn‘éﬁ%"‘mi’ﬁﬂé?qtﬁ}n pﬁ%?pBEs@éwph ‘B&n?‘egel Wts;f‘f)ees‘fé?w r# (F‘gigb
tudies, S Vi f t ' ion2 90%) ,
studr es h%g@%vfg%%n | vér%&q%)’ B ECRVAlEERKD haARtion2s Believed (to90%

pancreatic tunors. Greatly increased Src activity
was al Bp apfdeite hatongrbivtineia distranios giowah domotinganst angiogenis ieffectanThdsnse
Src nessage inmpedes growth_of colon tunor_cell.s in nude.mce.(Stal ey et

al ., Cell teowmbibitiomyoff thee BCKa tyrosineglangses aefiviy meglipnng §E5’§é‘é‘$ i 5°4%Fat Src

i nhi bi tors,shou W 711 ' [ &ldial
proliferat P‘%ﬁ“@%%&é@n C g‘}?élsg%n t restpgﬁgge&%rﬁ%@s@??glﬁudi ng the
hypoxi a r egpQasdr, aiffinithisieryniiseases,udid hypérproliferatine tdisenders2| As iexshowssi ng
anti sense Src nmessage have reduced vascul arization é l.Iis, e .alm Bi ol .
Chem , 273bglpwidsocompaumdgpf thisiiayensiondehiby the fyrosip pRGEYIY % be

anti - apgi ogeni c as | | L ' [ of this

I nvent fgn gﬁﬂ?rﬁitﬁ"%&ge%eﬁgg}éﬁggg&é#ﬁ%@é%&gm-égg?%@gw e treatment of
di sease states Gigtt bRtmsteReNd msdrais Hepemdentomahé angiogbnesiginwolving of
Src ki nases. WO 00166583 -6 21 O CT 2003 PCT/USOQ 10250 In addition to

the above attivationeproliferation and: migngtioonef wvascular sendethelial oeellsy andsBel| 1 or

th ] f other. ds .af _this. i ' . f thi

vent i on avtsequsdt RCEERNT KD inifiey fibSs | WiilibyelharibhCof MG KibuRT LN S

napht hyr i dizﬁlel‘f:?a cety %B&ilaeﬁ@d_so b£hd ARRlehGa k@ Blso tp6viaas didiy adetjuars ring
W e nu

5 systens ered as indicated in the fornmullas below. 54 6\ ~ 3
N N 8 205 geffusion. Hedcd\inhibitihgadgibgenesis és ap imiporant therapeutic strategy in not

only cancer but also in a number of chronic diseases such as rheumatoid arthritis,

psoriasis, diabetic retinopathy, age-related macular degeneration, and so on. Tumor
cells produce a number of angiogenic molecules. Vascular Endothelial Growth Factor
(VEGF) is one such angiogenic factor. VEGF, a homodimeric disulfide-linked
25  member of the PDGF family, is an endothelial cell-specific mitogen and is known to
cause profound increase in the vascular endothelial permeability in the affected
tissues. VEGF is also a senescence-preventing survival factor for endothelial cells.
Almost all nucleated tissues in the body possess the capability to express VEGF in
response to various stimuli including hypoxia, glucose deprivation, advanced
30 glycation products, inflammatory cytokines, etc. ~Growth-promoting angiogenic
effects of VEGF are mediated predominantly via its signaling receptor Kinase insert



8 1 Some 3-cyano-quinoline derivatives are inhibitors of tyrosine kinases
and are described in WD 9843960. The patent US-5780482 and apﬁtjrC" I on
WO-9500S11 10 descri be sonme condensed 4-am nopyridi ne corrpg n tﬁ have
antirheumatic activity and can contain a cyano group at t - [ dchon. The
appli cat YVarfo 13350 descri bes sone napht hyri di nes that W#ﬁégs?ors of
VEGF but these inhibitors do not have the inportant 3-cyano substituent.
Certain quinazoline derivatives are | np to be inhibitors of protein
tyrosi ne 15 ki nases. The application EP-520722 descri bes

4-anili noquilﬁazo,l I nes that_contain_sinple substituents such as chloro,

trifl uor omet!AQmsin, Fortaining Recrptr eRkDR)si The expsessiongof KRR aisplove #ni mest

EP- 566226 _ P61 6582 i nd:Lar b ' vari.ety of
Substt ¢ uony Sogtel EEaEindl v, il lon o el bl Sebals el 1 iEhiGRY
descri bes cappegulation'dft KDRi ¢t éiottelibisédlls L VIbst igicpaized Hsodydssel$ eRptesshi t h

the 20 substituent at 4-position consisting of some polycyclic ring
systens. SorhsghlayglscoftiBR: KRR 8 2 qedeptor airpteins tyapsine kinaseiwsthranbaxtracellulare

ER 602051 ( OREatey dpetiiiocaiiing” o8, d iinoRlongliRHUB0 Roritito ARt ves

wher e the arcytopldsatid demhiCoRthidhg BeXatdl 6t {8 ¥l inase-
het er ocycl i cﬁrlp% structures. Thge apgl i%&t%n %%?%%%%Etsﬁhgﬂ%a 5%‘-%%75001

descri be cerdnsgitnregidmazBinding derVEGF| canses (diuetizationnlok KDRl sesultimgaird its
al kynoyl am no oups ampng the.substi.tuents at position 6 and a hal ogen
at 0?1/1 a%/ posi#‘oghoséﬂoﬂa@u%’g?ﬂqh%aiu%é’fmnggﬁéf’?ﬂg’gﬁd %W@@ﬁ’ Yy ig‘ges
conpounds WKIHR i9 %s&ftia]@étenﬁaiaﬁﬁﬁ O?Qfsbﬁﬁlc%ﬂﬂseﬁ‘%q[t?%'at f&@ﬁﬁoﬁ’f@r YECE.

gui nazol ine can be replaced wth heteroatons resulting 1nalTarge variety
of bicyd0i c IshibitiomsofvKIDRemediated funCrionk] &ffe8t by’ ithibifing KR @ atatyiticusivitgzso

left-hand ring is, a nd G6-nmenbered heterocyclic ring;, in addition, a
variety of &&%}*&éﬁ@}eﬁmﬂmrwmﬁ -indhe reatmgnt afidiseasestatest i on
EP- 682027- Aglordas ClanP, WeNro)Vige k& di i nhi_bj_t 0 Sihe ThE
applicati onsV\D 3%1997‘%5dg’§f:n eg aé%rr%%ﬁg&k#grl\ %\lﬂm eisl got%fgﬁféwgr%lﬁat I C
ring of thectmpoundyuofthiolinveation ddhibic the eyrfosinebkiaase astivigedf WDRK aadvdrge
variety of aigfferent het erocyclic rings so that the resulting inhibitors

are tricycl thereforedisefubfordhe tipatment of heforementiomedidisease/states.on provi des a

conpounge of for . elel . X | oal kyl. of 3 ta 7 carhon

at (r)rprrs) i ch ma;\fgg %Bt Ion |‘ff§&3§?_%%?1}‘f &'é%??%@ﬁ?s‘&ﬁék‘{}?&‘waﬂﬁﬁ 185? atgfasi to 6
carbon at oneighoniesibesy th¥t partibiphiedh Ry Variedy rdf@i%ii g%paﬁ{wd% (SSiwaftZbered P.
bicyclic aryl or bicyclic heteroaryl ring systemof 8 to 12 atons) Wwhere

t he bicycli ﬁ-,mgm i: 1463113468”1933/);15'?@ protatypicalomembemef this|tyrosing kinasen N,

0 d S ; . e dre t bi is . J t | ri b
opt onal |y S B8 GRS iy el i brolitRiBgn S bt B
sel ected fr many kell Qy?uplrﬁﬁﬂﬁtiea tstudies OB rd RIS 'wa®¥ound 1 Bs eRVA¥d i®brehs®
carbon atons, al ken of 2-6 carbon atons, allrynyl of 2-6 carbon atons,

azi do, #ydr @919&I(k9¢‘¥0bfmea@@(}ﬂﬂ%hm&yeméﬁ'%) hrhors al Greailyrndredsed Sre- 7
carbon atong). al | canoyl oxynet hyl .of 25 2-7 c n gtons, al koxy of 1-6
carbon at onﬁ%‘“@% Y& ??%’F*%Q%Wéﬁmﬂ?ﬁ%&l%&%%aﬂawr tPF‘quoé’é?/ ORHINSE
cyano itr T c I 2-7
Chr bon at o BRAsAE Ihollts MNENCaln RinlorC 8RO, A0S of A, CBY
PCTNS00/ 1026¢owth &ebiffeyéntiatiom z8(B):269+74 01 9970 kst gaebtivgg that Srdinhibitven skaduddrs,
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15 L is a 5- or 6-nenbered heteroaryl ring where the heteroaryl ring
contains 1 to 3 heteroatons selected fromN, 0) and S; wherel 0CT hgpo3
het-eroar\ybo%&%gsnay be optionally nono- or di-substitutedPErFs08/10250
substituent selected fromthe group consisting of hal ogen) oxo, thin, alkyl
of 1-6 carbon atons, al kenyl of 2-6 carbon atons, al kynyl of 2-6 carbon
atons, azido, hydroxyal kyl of 1-6 carbor620 atons, hal onet hyl, al koxynet hyl
of 2-7 carbon atons, al kanoyl oxynethyl of _ 2-7 carbon atons) al koxy of 1-6
carbon atons) al kyhiBiieneb tHe fhoveubifiief i of tigdompounds of thisonoertidnydre
cyano, vitro) carboxy, carboal koxy of 2-7 carbon atons, carboal kyl of 2-7

car bon at onssefylhfen the/prepiratign of ath¢rmempeungs offhisAByentioBenzy| , ani no,

al kyl ami no of 1-§ carbon ato .di al kyl am no_of g ,
phenyl ami no, benZ{PAARROUN Eﬁ%&,}ﬂaﬁ?%@W%“@“céib%‘g?i’@%ﬁ%;ﬁﬁgh@m no
of 3-8 carb | 641 t ichtiofiBthe GapmBydidinky ringf 2- 7
car bon atorr%lj Eféggg%ﬁ}ﬁh ydgﬁ%ﬁﬁ%@%%@% Lglgﬁ)ggﬁﬁlaaﬁghn%}legﬁhnoaf)kyﬁof 1- 59
carbon & ongystdawily ba numbedeld yak imficateddinahe formulasdetyw.N, N- di al kyl ami noal ky!
of 3-10 carbon atoms, N-alkyl am noal koxy of 30 2-9 carbgn atpns)

N, N- di al kyl am noal kogy of4 3- %O carbon &t ons? r capt thyl mergapto, and
benzoyl anuno; 9 5 108 =
Pyridi nyl) pyrirn'd|ny| or [Ph are pyHidi pyri m di orpenyl
radi cal s, respect) N 7 ch may : i
tri-substituted with a substituent sel cte1 fromthe grqup consisting of
hal ogen, al kyl of 1-8 carbon atons) al kenyl® of 2-6 carbon atons, al kynyl of

2-6 carbon atons, azido, hydroxyal kyl of 1-6 carbon atons, hal omethyl,
al koxymet hyl of Seihechcpano-quinoise derivarivas| ars jahibikgrs %Wsme&waﬁﬁ@@%ﬁs)
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2-9 carbon atons, al kyl am noal y of 3-10 carbon atons, nercapto,
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where one or more of the carbon atoms at positions 5-8 of a quinazoline can be

replaced with heteroatoms resulting in a large variety of bicyclic systems where the



Y is a divalent radical selected fromthe group consisting of _ 15 S
(CHa O, and -N' ' R~ is -NR6R6, -OR6, -J, -N(R6)3 +~ @2r 60NRQWIR6) ; M

is >NR 6, -O) >N (C(R6)2)pNR6R6, or >N-(C(R6)2)p OR6; Wpcgnosypanzse O or is

a bond; WQe0/665883, het er ocyclic radical selected fromthe group consisting of

nor phol i ne) 20 thionorpholine, thionorpholine S-oxide, thi.onorpholine

S, S-di oxide, piperidine, pyrrolidine, aziridine) pyridine) imdazole,

1,2,3-rliazole) 1,2,4triazole) thiazole) thiazolidine, tetrazole,

B el e ity £ a0 4 B0 RLbARE e e o vty
001 66583 glb%tl ué Cg;%’ a%fgﬁNwm%ﬂ ‘ﬁh CITHEHH @EaﬁﬂilMBﬂQﬁmﬁmo- or

di - substltu

O T o0 R, b ol FRAER

4ot ggflslky;d?éﬁ?m%r BoURS 38 E‘B‘ﬁdﬂ%%@ b e GFY, of T baelt duicitle |
al kenyl 8 Cahgsoﬁ' Wxgldgfvaﬁet%%f%&eﬁﬂﬁ&%cﬁ%@%gs%NQM!N kyl
éarbs car I of 2-

of 1-6 carbon atons) carboxyal Kyl 2-7

car bon atorfﬁer&hﬁﬁﬁglmhﬁitoﬁl‘&aﬁcy@m.i onal ly substituted with one or nore
hal ogen, al koxy of 1-6 carbon atons, trifluoronmethyl, . .amno, alkylam no

o~ 1-3 carbon atons) dial kyl am no of 2-6 carbon atons, vitro, cyano, azido,
hal onet hyl ﬁkéwyfr atons, al kanoyl oxynet hyl of 2-7
carbon ato carpon atons, hydroxy, carboxyl, carboal koxy
of 2-7 carbon atons, phenoxy phenyl , thlophenoxy benzoyl, benzyl,

phenyl am no, benzyl am no) al kanoyl am no of 1-6 caybon atoms) or al kyI of

1- 6 carlfon atonsThmmwnﬂher\G@Swommﬂmiﬁ%foﬁmk /I or alkynyl noiety is
bound to a nitrogen or oxygen atomthrough a saturated carbon atom R2) is
sel ected fromthe group consisting of O R3--{CH8, RR3 ~OR3 OORR3 s

RsR3,R3R3R3R30R3R3R3R3R30R35/s- ((Rg)~r-'~ R3 OR3 OR 3 R3
R3 OR3 Rs Rs

\C=N

A'I/

N

wherein:
15 X is cycloalkyl of 3 to 7 carbon atoms, which may be optionally substituted with one
or more alkyl of 1 to 6 carbon atom groups; or
X is pyridinyl, pyrimidinyl, or Ph; or
X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms, where the
bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S;
20 wherein the bicyclic aryl or bicyclic heteroaryl ring may be optionally mono-,
di-, tri-, or tetra-substituted with a substituent selected from the group
consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6 carbon
atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxymethyl of
25 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon
atoms, carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy,



R3 ~ (C(R3)2)p OON Rs Rs 21 OCT 2p03 WD 00l 66583 PCTI US00/ 10250 - 12
-12 O
I (C(Rs)2)u Rs_N I \ (C(Rs)2)v Rs O/ (C(R5)2)u w O | \ (@1Rep®)sRs O ~
(S(%Ri)?éldﬁz@k%\c I(-I%RS?J?Y]V(RéOZ; 0 0 Rs, | ON C- O @clrusouriozs- N Rs RS
- s- H2)s R5 R5 ' J-(C H2)s ~-
Q2C CH2 RS RS\ R5 CH2 Rs O ( s Os Ol ar R R

benzoyl, benzyl, amino, alkylamino of 1-6 carbon atorhs, dialkylamino of 2 to
12 carbon atoms, phenylamino, benzylamino, alkanoylamino of 1-6 carbon
atoms, alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8 carbon
atoms, carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl of 3-8 carbon

5 atoms, aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon
atoms, N,N-dialkylaminoalkyl of 3-10 carbon atoms, N-alkylaminoalkoxy of
7.9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms, mercapto,
methylmercapto, and benzoylamino; or

X is the radical /E‘-T’L ;

10  Eis pyridinyl, pyrimidinyl, or Ph;
T is substituted on E at carbon and is
- NH(CHz)w~, -O(CHz)ur-, -S(CH2)w-, “NR(CH2)- » -(CHa)m-
-(CH2)mNH -, - (CH2)uO -, - (CH2)wS- , or - (CH2)mNR -
LisaPh;or
15 L is a 5- or 6-membered heteroaryl ring where the heteroaryl ring contains 1 to 3
heteroatoms selected from N, O, and S; wherein the heteroaryl ring may be
optionally mono- or di-substituted with a substituent selected from the group
consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6 carbon
20 atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxymethyl of .
2.7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon
atoms, carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy,
benzoyl, benzyl, amino, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to
25 12 carbon atoms, phenylamino, benzylamino; alkanoylamino of 1-6 carbon
atoms, alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8 carbon
. atoms, carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl of ‘3-8 carbon
atoms, aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon
atoms, N,N-dialkylaminoalkyl of 3-10 carbon atoms, N-alkylaminoalkoxy of
30 2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms, mercapto,

methylmercapto, and benzoylamino;



R5 CH2 QQ2GRs RS CH2 RS Q O\ R5 C H2 and RS C 02Q R3 is hydrogen, alkyl
of 1-6 carbon atons, carboxy, carboal koxy of 1-6 carbon a prjw yl,

carboal I r of 2-7 carbon atoms) /(C RT(C(R6) 2 N~ /N ~~
WD 00/ 6’6‘5%@665*]?3 21 OCT 2003 PGTNSOE)/ 102(55( R~)()C?Rs)a ~S- ﬁﬁ %%(“%%E P

M(C(Rs)~~ RBRs-CH M (C(Rs)z)r- , or Het- (C(Rs)a~q-V\'/(C(Rs)z ~5R510s
hydr ogen, al kyl of 1-6 carbon atons, cagboxy, carboal koxy of)1-6 car bon
atom; phenyl , carboal kyl of 2-7 carbon atons, / (~(Re)2~p\ RT(C(Rs~2)p N ~

(C(R6 2)r-_ aJP .R7' (C( ) (
;efzseg;] M P | ndp@yg) pynml@ﬂylHleR?’ézﬂf%)%@W&( d’%’?@f‘}ywld’(r%ﬁg%ﬁzﬁa%ﬁls'and RO
epe, R
[ ndependent |y hygsgogﬁe‘;neyy’cﬁugé :%2282)’§ I}@ﬁ“ n Er(x)c;x{oggcgﬁdnre Q?Sglmatisiﬁlmo? | -6
carbon atons or shydiegeseleasdfrbm the grdxpa;onkxsungoﬂhahgm. @kyﬂ ofph-psarhog: p =
2-4; g= 0-4; r = 1-4; s =1-6;_a and v_= e sum, of a+v

:?Z 2-4: I Er a phatores ealkenyhof y2- é&?@iﬁﬂabqo@sséWH(ﬁfe%\g] "tt&‘gtﬂs’tm % when
| s alkenyl of &%%&68‘“ a6tboun toﬁlsk}i lzaﬁcoﬁi‘ﬁ:@@i 1 3 @0 cafbosh

al kenyl or al ky o a’ ni rog or o atom t hrough a
saturated car bonyshgHikanBfioryhsthylest 2-Tatarbon/itofis/ SIk68H of 146 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, benzoyl,
amino, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon atoms,
10 . alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboalkoxyalkyl of 3-8 carbon atoms, aminoalkyl of 1-5 carboh atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon
atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of
15 3-10 carbon atoms, mercapto, methylmercapto, and benzoylamino;
Z is -NH-, -O-, -S-, or -NR-;
R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;
A" is a diavalent moiety selected from the group
Gy

_ Gy
G, /N\§ G1\/l\§ G . % )

g
G § Y Gz N/ g
Gs Gs
20
G1, G2, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon

atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, alkenyloxy
of 2-6 carbon atoms, alkynyloxy of 2-6 carbon atoms, hydroxymethyl,
haiomethyl, alkanoyloxy of 2-6 carbon atoms, alkenoyloxy of 3-8 carbon
25 atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon
atoms, alkenoyloxymethyl of 4-9 carbon atoms, alkynoyloxymethyl of 4-9
carbon atoms, alkoxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,

alkylthio of 1-6 carbon atoms, alkylsulphinyl of 1-6 carbon atoms,



Z 1 OCT 20p3 PCTNS00/ 10250 when R3 is bound to sulfur, it cannot be

hydr ogen, carboxy) carboal koxy, or carboal kyl; and provided that when Y is
-NR6- and R7 is -NRbR6, -N(R6)3 +~ or -NR6(OR6), then g qg-@; en Mis
-O and R7 is -OR6 then p = 1-4; when Y is -NR(- then k = 2-4 en Y is
~O anWOMWeES®W is -O then k = 1-4 when Wis not a bond RETASEIZYged
through a nitrogen atomthen g = 2-4 and when Wis a bond with Het bonded
through a nitrogen atomand Y is -O 10 or -NR6- then k = 2-4.; and finally
provi ded that when A" is the noiety &-&-or @ ~@ NG, n=0, 15 Z is
NH, G 1 is hydrogen) hal ogen, alkyl, al koxy, hydroxy, al kanoyl oxy of 2-6
carbon atons, oralpylsulphonyl asfdl-6arlsorhgoms galkylsulidmagudo ofl le§ | cartiopdatomy,,

car boxyal kyl , carboal koxyal kyl ,  hydroxyal | ryl, al koxy., hai.gnet hyl., carboxyl,
car boal koxy, al @W%ﬁéﬁ%‘?‘%’r%é‘éf: Bﬁ%%i Whﬁ%ﬁbwgﬂ '(’b':'é'“ct’am1
pyridinyl) pyrimdi.py p ' t j [ %xﬁd ttbD carbdxdir oxy
or al koxy group%%g’ Bﬁ%@%ﬁb%??‘@&ﬁ%&b@?gﬁ%@’tg are Iﬁfrg’se de??’ved
from such or ganirigatkoxy ¢f70cben awints caboaliyd edfiZ7 daslsdn atomss phenoxy,

tartaric) succinic) malefic, maloni CL gl uconi ¢) hydrochl oric, hydr oE)r om c,
phosphoS§i c, ni t rphepyk uhiophergxyrebengibsamien hydroxyaminoy alkexyaming gf 1-4

t abl i ds. 00/ 83.-15 0] R d
bi oyol |0 aryl orsEBAPRS SEvaREn of Thicron g, St Y Lo e
1,2,3,4-tetrahy g{tmmla!lk?}llsd}ﬁimb . NaNL djalkh Testd AR oy 1l Nuilkyl-Nlalkenylamino of

1,2, 3, 4-tetrahydroqui nol i'ne, naphthyridine, benzofuran,
3- 0x0- 1, 3- di hydrdo- fos olfe ncasbos aatonise n MolNdiakepyjsmine  of 6-12 carbon atoms,

1, 1- di oxo- benzot hi aphene, i ndgl e, 2.3<di hydr oi ndol e,

1, 3- di oxo- 2, 3- diR¥¥8 q'?ﬁp?ﬂwo'&wﬁot riazol e, 1Hindazole, indoline,
benzopyrazol e, 1, 3-benzodi ox@ms),‘}ygnzooxazol e, purine, phthalimde,
counmarin, chronone) quinoli pe, tgrﬁhydroqui P\folji ne, i soq;‘ibgol i ne, )
benzi m dazol e, -(C(Rg) pyri do[ R~@3 -di NeRRAYCH<K R, Y+ azi ne
pyri do[ 3, 2-c] py?iqti-am n)ez?dqu?\i A- bﬁ%’i@d‘(i ne,’ 1 H%r azol 23(18)}}@

[ 3, 4-djgyrimdine, 1,4- benzod e, pteridine, 2(1H)-quinol one,

1(2H) -1 soqui nol one) 2-oxo-2, 3-di hydr o- benzt hi azol e) 1,

2- met hyl enedi . 2R cmm)g,m-;(qneyg Y4 S 1 GRSV €,

gui noxal i ne, %ﬁggﬁﬁig?-l\ﬁox?ﬁe, I soqui nol I n'g- No%gg?%?ﬁ)ﬁw| %Fﬁl%ﬁ oxi de,
qui nazol i ne- N 0x4eihe}8vi96 Ml &3 &l G kRAIBR,NE; 4di 0x0- _

1, 2,3, 4-tetrahydro-pht'hal azi ne, 2-oxo- 1, 2-di hydro-qui noline) 2,4-di oxo-
1,4 15 di hydisqr divaleanzadicd] sdlectedBfronxthe igronp candistitigiofo- 2, 3, 4, 5- t et r ahydr o-
1H benzo[e] ( 1,4]di azepine, or cinnoline. When L i§ a 5 or 6-nenbered
het eroaryl ri ng,_Fr(ierred roaryl rings incl ud_e__zgf_r'i di ne) pyrim dine)
i m dazeke, thiazole, thi azdGi®Wne, pyrrofe, Haidn) t hi 6phene, oxazol e,
or 1,2;4-triazole. Either or both rings of the bicyclic aryl or bicyclic
het er oar yl Ry isupNRgB6.00Ra: -, y-NResd3 Uy at-NR6(PB6Xsi al iy saturated, or fully
saturated. An oxo substituent on_the bicyclic aryl bi cyclic heteroaryl
moi ety neadd is RReer@- FN-{GRO2DNFRERE N E<Re) 5‘&6;bonyl group. A thio
substituent_on the bicyclic aryl or bicyclic heteroaryl noiety neans . that”
one of the WdsBORGONRr §ADLORD; hi ocar bonyl group. Wien a conpound of this

het er oar y1 HetnG & QEEROLTESFALA, eareianan fe EoRpoambstg"0h, s pibyine

20 thiomorpholine, thiomorpholine S-oxide, thiomorpholine S,S-dioxide,

piperidine, pyrrolidine, aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-

triazole, thiazole, thiazolidine, tetrazole, piperazine, furan, thiophene,

tetrahydrothiophene, tetrahydrofuran, dioxane, 1,3-dioxolane,
(OCH5CH0),

5

tetrahydropyran, and



30 When L is a 5 or 6-nenbered heteroaryl ring, it may be fully
unsaturated, partially saturated, or fully saturated. The Qeteroaryl ring
can be bound to T via WO 00/ 66583 -16 21 OCT 2003 PCT/ US©d AeR22003car bon
or nitrogen. An oxo substituent on the heteroaryl ring mparasovasizsone of
the car¥88Y$¥ts has a car bonyl group. A thio substituent on the heteroaryl
ring means that one of the carbon atons has a thiocarbonyl group. 5 The

al kyl portion of the al kyl) al koxy) al kdnoeyl oxy) al koxymnet hyl

al kanoyl oxymet hyl , al kyl sul phi nyl, al kyl sul phonyl) allryl sul fonam do,

car boal koxy, carbpal kyl /. c I _gm?ﬁtlﬁgp@y&llmo W ok REOUYEBkH0,

N-al I ryl car barmy'Tv,ﬁlcgr%ay. bﬁ\?@%ﬂé}?ﬂ&?gg{my , N-all rylnam' n?fglok%;xy)yl

N, N- di al kyl am noal koxy;/ u_@ﬁﬁ f)_ e eha N t as branched

carbon chains. The al }kiggﬁipor ggwbgﬁ%lrkgbn%ﬂ%owgenoyl oxymnet hyl )

al kenyl oxy) al keggdﬁghg%zﬁgﬁgsﬁﬁtggﬂ dit8genswitiRi{giRl bot h straight chain as
arpbon chai as and

wel | as branched one or nore sites of unsaturation and
all possible con{)}g&qaggim| orl GBS Sutedva Pédkyranet carboniwith divaleheradidalsny|

al kynoyl oxynet hyl”, al kynyl sul f onam do, al kynyl oxy, substituents include
bot h strai ght chai n asOvwed OERENNRHed carbon chains and one or nore sites
of 15 unsaturation. Carboxy is defined as a Cl)tzy radi cal. Ca boa’k (y of
2-7 carbon Rgéshydregateaikybdf b6 carbapoatpms, alkenyhet npgtoms, 35}9“3 %@?

radi cal of 1-6 carbon atons. Carboxyalkyl is defined as & HO2G R'. - radical
where R is a dfwearkon atam@ypyqlad?%ﬁP% gfé f’f‘%’%aﬂ‘%‘n %Ea%%@?ylércéga‘iaﬁ%‘ﬁ‘ym kyl

is defined as a R 02C R - hcal "aton hial &ntphekiyll optich and
where R' and R"' 5936&%?"%@2?77 \(I:%r?g%dr? azt%xh%t ?rtrlsgi.mCar bopal kj;/ll ipg dael?: ned
as a - COR' radi Cgipstithied ewith bme aot ahdrgl halagém ablkoky 1ofs le@r barhomt ¥ams,

Al kanoyl oxy is defined as a - OCOR' radi cal ere R' is kyl radical of
1-6 cartbn at onstrifhioremetayb amiae.alkylrmingef H&%@%}M%QF 6\C/mer e
R' is an alkyl radical ,of 1-6 c n Y. ' Hnegbds
R'OCH2- radi cal, 'Pé‘t??‘s’i%“gh%%%ylaﬁgg%gﬁegﬁﬁlﬁéﬁe&% gte%rrs.

Al kyl sul phinyl i g, sikhhd\Bskyiseti/IP2-7 aslibon htomsh alkplthio df -Gicarbokgiomsadi cal

of 1-6 carbon atons. Alkyl'sul’phonyl is defined as R'S02- radi cal)hvvnr-ire R'
is an al kyl radi hpdroa§, taboxyls a¢as xyn®f N7 kGarben rasemss BAENOXy, pnenyl, |
al kenyl sul f onam dq) .al kynyl sul f.onam do_.ar i §mﬁ' Q@Mﬁa Taffihd of

where R' is an aﬁ%??hqnaé'c%nz‘&d’ %%Zy‘a %egﬁlaﬁtﬁ%é@?quﬂ a c’gny Fhdi calmgf 2-6
carbon af oms, or g agh giy1 Of 126 Gafdn ema! with, the Provisp duwt ithee| y.

N al kyl ¢ar banoy! lfdschllgﬁ{%dn%s R'%ZCO radical, where R' is an %&/I

radi cal of 1-6 calkenyl of alkynylNnblety i hgundatobmRiSEAZER O GEYgeR- Mok sk oo
radi cal , 21 0C1 2003, WO 00/ b6583 -17 PCT/US00/ 10250 where R' is an al kyl
radical of 1-6 cAMMEMCGERPRD AN s an al kyl radical of 1-6 carbon atoms and
R, and R Y. 565 b kb ﬁﬁ,tg.ofx is peferably phenyl optionally
substi t ut ed@yml(}ﬁle&%r% rmree oﬁ%t hﬁi, Aydr oxy) phenoxy or hal ogen. Wen X
is substituted, it is preferred th it is nono- Q. di- , or
tri-substituted, with nono- and di substi tut i0g Rpst Ay & erred. It

is preferred that of the bst i Rsent d t |eas e i ydr ogen
and it is nost pref hat bot e hydr | t'H.S, aRso erred that X
is a phenyl ring, Zis -N3) angyn =F3. ' Het/is g he erocycl agp_defi ned

above which may be optionally nono- or di sub8tituted o 8n with R6,
optionally nono-substituted on nitrogen with R6, optionglly nono- or
di -substituted on carRgon w th hydi oxy} =N(R6) 2~ or_ =0 ptionally nono
or di-substitutedr carbon with -R&( sOR6 or Ra 2) sN~6) 2~ ~d
optionally nono or dN\subsyituted o sat mpat ed capbon wyh divalent -0
or -Q(C(R6)2)s0- (g and ket g s, respecftively)/ in sone 15
cases when Het is stbgtitut@d with ?-(?_i (c 3bonyl)) t{@€Raapbonyl group can
be R
20 3

Ry @ SN
0 R% |
Rs—S—S—(C(Rs)z)r—< RS & -Re

L4




hydrated. Het may be bonded to Wwhen q = 0 via a carbon atomon the
heterocyclic ring, or when Het is a nitrogen containing hete g@tgyﬁhlch
al so contains a saturated carbon-nitrogen bond, such heterocycl b
bonded tqu%}gg% via the nitrogen when Wis a bond. Wen @crnssodmeébsblet is
a nitrogen contal ning heterocycle which 20 al so contains an unsaturated
carbon-nitrogen bond, that nitrogen atom of the heterocycle nmay be bonded
to carbon when Wis a bond and the resul tilgg heterocycle will bear a
positive charge. Wien Het is substituted with R6) such substitution may be
on a ring carbon, or in the case @f a nitroggn containing heterocycle,
whi ch al so contains a s% ed cgr bon- nltrggﬁn uch nitrogen nmay be
substituted with R6 or /i case of a nitjrdpen containing heterocycle)
whi ch al so cont ai n&eai unsatur ed car bon-ni 107 &%J?UCh_nitrogen may be
substituted with R6 in\v(fcms‘)g e rbe heteroYcle W18 bear a positive
charge. Preferred heterocycles include pyridine, 2,6 disubstituted
nor phol i ne, 2, 5-di substituted hionDrphoIiQ?, 2-substituted imdazol e,
substituted thiazol excikyphst ULut ed i m dazol\ subsitituted
1, 4- pi perazine, N 3@ subsiti piperadine nd N-substituted
pyrrolldlne WO 30166583 M8 2 1 2(p S00110250 The conpounds of
this invention may cd@Rslan ondisor nore asy [; arbon atons; in such

n

cases) the conpounds of this invention include e )i ndi vi dual diasteroners,
the racemates, and the individual R and S enta mers thereof. Sonme of the
conpound of this invention may contain one or nore double bonds; in such 5
cases, the conmpounds of this igvention incldag each of the possible
configurational isoners as welj] as m xtures of H ese isomers. \Wen a

conpound of this i ny&ntRslh ins a noiety aining the same
substituent nore tBan once d or exanple, whed R° NR6R6), each
substituent (R-, in\ % e) may be the sa or different. 10 The
conpounds of this in eFﬁi’gn car® be pr epar ed fro rcially avail able

starting materials or starting materials which ca 'be prepared ' using
literature procedures. Mdre spe~cally) the preparBgi on of the conpounds and
internedi ates of this |nvent|on enconpassed by Formul as 8a-c is described

bel ow i n Fl owsheet 1 wherd_X, ,_6?“ Jare as descri bedDabove. The
reaction of 2 15 withRa chPOki nat dﬁ P &p ride or
oxalyl chloride in net ne chlorlde dlﬂEtﬁ3 f of'franT de as\ a catal yst

gives the acid chloriggs ORg for WefGH®)s Co sation of 3 with reagent 4 in
refluxing nmethylene ch orlde gives intern@diate 5. Hearing 5 with amoni um
hydr oxi de i n ethanol gives the quinolone 6 or the correspondi ng hydroxy
napht hyridine tautomer.gChl orination w th phosphorous 20 qg;chloride or

oxal yl chloride furgi HCbndensatgon é 7 Wth variou gnlnes,
ani | i nes, al cohol s) “phgnol #J' '#er capt anS? a H?hiophen % gj¥€2t he conpounds
of this invention 8a-c. S) # can be ted with an e or aniline by
heating in an inert sdgentRsuch as r ahyBsof unan) IRy an ~Cbr
met hoxyet hanol to give conpounds of Forgula 8a where Z is@NH-. The
reaction of 7 with a nercaptan or thiophenol in an 25 inert solvent can be
acconpl i shed using a base \such as sodlun1h dride to give npounds of
Fornmul a 8c where i S— Cﬁhe react|0ﬁ of 6 ith an ¢*coﬁ$ﬁg? phenol . in
u

an inert solvent can%n on%llshed us Base such & 0 m hydride to
gi ve conpounds of For b where Z is/-0A. 2anaCT ﬁt PCTI US00110250
WO 001 66583 - 19 Rs Rs QO0,C Rs C0.Q
5
R3 is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
. phenyl, carboalky! of 2-7 carbon atoms,
/(C(He)z)p\
Rr(C(Ra)a)p—N\ /N-(C(Rs)z)r-

(C(Re)2p



Flowsheet 1 GX 4 &G ~ COCl G ~ CO2Hthlon | chloride or | oxalyl chonde,
2 12; Mcat | GNCI & NC 223 -N~CN_ " CHzA2 A OG- ~CNGI NN z
H6 & O& CN~ NC 5 Q13 or oxalyl chloride NH2(CH-~ X Z1°0QTs@#8 opanol

HQCH~~ ‘58“?0 THF HS( CH-~ X 7 NaH, THF NH40H, et hanol, p&fFnSoo/f2sé ~ ~ CN
& NNY7 NH nXG~~~'CNIN~NJ8aG"ZG40(CH~,;XGll~~CN8b
@ NN&A S(CH~ X G | ~~CN8 & N _ N WD 001 66583 -20
-13-
R~(C(Re)s- . R7.(C(Rg))pM—(C(Rg)a)r

RgRg-CH-M—(C(Rg)2). ,or Het-(C(Rg)aqgW-(C(Rg))

Rs is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
phenyl, carboalkyl of 2-7 carbon atoms,

/(C(Ra)z)p\
HT(C(RG)Z)p_N\ /N"(C(Rs)z)r
5 (C(Re)2)p
Rr~(C(Re)ds- R7.(C(Rg)pM—(C(Rg)2)- -

RgRg-CH-M—(C(Re)2)- ,or Het-(ClRg)o)eW-(C(Rg)o)r "

Rg, and Rg are each, independently, -(C(Rg)2){NRgRg, or -(C(Rg)2)r ORg;
10 Jis independently hydrogen, chlorine, fluorine, or bromine;
Q is alkyl of 1-6 carbon atoms or hydrogen;
a=0-1;
g =1-6;
k =0-4;
15 nis0-1;
m is 0-3;
p=24,;
q= 0-4;
= 1-4;
20 s=1-6;
~ u=0-4and v =04, wherein the sum of u+v is 2-4;
or a pharmaceutically acceptable salt thereof,
provided that
when Rg is alkenyl of 2-7 carbon atoms or alkynyl of 2-7 carbon atoms, such
25 alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom
through a saturated carbon atom,

and provided that



21 OCT 2003 PCT/USQA I 0250 The preparation of the conpounds 20f Déhi%
i nvention enconpassed by Fornula 5 10 12, which are inportant 1 nternedi ates
for theW@e66581i on of other conpounds of this invention, PFYUSAULFYed
bel ow in Flowsheet 2 where Z) X, n) GZ and 4 are as described above.
Nitration of 9 with fuming nitric acid and sulfuric acid followed by
chlorination with refluxing phosphorous‘1 chloride gives 10. By using the
met hods descri bed above in Flowsheet 1, 10 is converted to conpounds
represent ed by f ovhenlRg isibourd dasulfum itafanddt be hydrogenm carbibxypoarboalkoxy @ i de
in a water-nethanol mixture, at reflux) gives the conpounds of this

i nvention represent eccasioalkddirul a | Z. Conpound 12, in turn) can be used to
prepare ot her cog,?é)cgr}gst of this invention. G4 H~ CO2H & N OH 9 Met hods of
Scheme 1 FlI 3L HNO3, HzS04 2. POCI3 G4 02N ~ CO2H G2 N C 10 4

Z(COR2) ~ X 02N ~ i-NFe.- 1 o) - = 2-6;
(o) wHeR! Y i NR6- ghd R7ks JNRER N3 (00 MREORG). thep 25261,

CT 2~3 WO 001 665&hen 34 is B EHERY id BRY thehep Anepar ation of the conpounds and
internedi ates of this invention enconpassed by Formnulas 19a-c is descri bed
bel ow i n Fl owshewste YniseNBgXthen k £2-4; G3, and (4 are as descri bed above.

" Reduction of the vitro group of 13 using hydrogen and a nickel catal yst
fol |l owed by pr ot whendhiseO- amdkMenWds gPolien ks= &4t - but oxy 5

car bonat ederi vatiye (BOC grou Lves 14  lithiatian of 14 in ether using
n-butyl 1ithium wﬁeﬁw&ﬂ P%ﬂﬁ%&%ﬁ?ﬁ?ﬂ@@%{@i%ﬂﬁﬁ%a@& RO 8 de
fol |l owed by aci di dﬁ/ﬁ&ﬁW‘Qﬂl}kﬁﬂ (tE Bl BOY i ﬁ] 1 ep.ed to
the nethyl ester by treatlr?ent V\n‘ta]hﬂi:t rclpmeth%ﬂ:m i %@%ﬁgﬁﬁéﬁ?fmganol .
Al t er ndtdi vel y) the |i ohi-NR@ thereki==34gan be reacted with ethyl chl orof ormate
to give IS difjec . The Lithium 10 enol ate of acetonitrile is prepare in

t et rahydrofﬁ‘f‘{aﬁ“wl%{ﬁﬂg?‘?%‘ of acetonitrile to a cold solution of n-butyl
l'ithi um Addi ti Onwﬁén?s”tif&kmg%m aran sol ution of 15 to the solution of
lithio acetonitrile at Tow tenperature gives, after work up, compound 16.
The reaction of 16 wi th dinethylfoi mam @ di net hyl acetal gives the hydroxy
napht hyridine in mecm\ e 17 or t aut gner; thereof. Chlorination with

phosphor ous 15 oxychForigde or oxal Vit igde furnishes 18. Condensati on of
18 with various am _ngniliﬁés, al c hoti% phenol s) nercaptans, and

t hi ophenol s gi veGghie ounds of Gz N
G3 ]
n=0,
15 ZisNH,

G1 is hydrogen, halogen, alkyl, alkoxy, hydroxy, alkanoyloxy of 2-6 carbon

atoms, or phenoxy, and

G2 is hydrogen, halogen, alkyl, hydroxy, carboxyalkyl, carboalkoxyalkyl,

hydroxyalkyl, alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylamino, or
20 alkenoylamino,

then X can not be a pyridinyl, pyrimidinyl, or phenyl ring that is substituted

with a hydroxy or alkoxy group.

The pharmaceutically acceptable salts are those derived from such organic and

25 inorganic acids as: acetic, lactic, citric, tartaric, succinic, maleic, malonic, gluconic,

hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and
similarly known acceptable acids.



I nvention 19a-c. 21 OCT 2003 WD 00166583 PCT/ US00/ 10250 -22 Fl owsheet 3
A & '~~Noz B 13t. try w, H2 2. (600 z0. t-bufanat) Q+QeTENT ~

NH-BOCﬁD%4 g%l. n-butyl U ether G4 CN 2 dry Co2, TI~ARSRuseofazdohanol G
. @Fy | J

~ (~2~ , C3i~CN. THF C'1 or Chl~OCOG N~B~ / NHBCC 3 1S 3 16 4
o, (~H(~s GL ~~CN.. ~, DVM(caty GL .~ ~CN. / NJ C-az ~~/ NJ G3
17 18 NH(CH-"-X NH2(CHZ),; X GL .~ '- —7AJ G3 19a G4 Q(CH~,; X HO(CH~,; X
GL ~~~CNNaN, THF G3 19b G4 (CHI "-X H3(CH2)~ X &, ~ ~ CN NraH. ~F ~~. NJ

G3 19c 5 10 The preparation of the conpounds of this invention enconpassed
by Fornmul as 22a-4, which are inportant internediates for the preparation of

ot her conpounds h §i ol ' s b3 | L wher e
2% G e e B B B e BT e e

The chl or opy,ej3-tetraRPdronaphtiadenep niearalig d indane h el -oxo-imdanen di, 23,4 tetraliyaioy+ | di ne
20b by heating a solution of it with KF in dinethylsulfoxide. By USi'Qg t he

met hods des@uineline. Apbynding Seracdian.33-oxo-1.4-diydieicobenzafuEs nperzotY
represend ed by, T 91 HbRb-Bdnzotliiphehd! ShlistE, 3328hPhroftofé M, 9 Sioxo-2,3-dihydro-

1H-isoindole, benzotriazole, 1H-indazole, indoline, benzopyrazole, 1,3-benzodioxole,
benzooxazole, purine, phthalimide, coumarin, chromone, quinoline, terahydro-
quinoline, isoquinoline, benzimidazole, quinazoline, pyrido[2,3-b]pyridine,
pyrido[3,4-b)pyrazine, pyrido[3,2-c]pyridazine, pyrido[3,4-b]pyridine, 1H-pyrazole-
10 [3,4-d]pyrimidine, 1,4-benzodioxane, pteridine, 2(1H)-quinolone, 1(2H)-iso-
quinolone, 2-0x0-2,3-dihydro-benzthiazole, 1,2-methylenedioxybénzene, 2-oxindote,
1,4-benzisoxazine, benzothiazole, quinoxaline, quinoline-N-oxide, isoquinoline-N-
oxide, quinoxaline-N-oxide, quinazoline-N-oxide, benzoazine, phthalazine, 1,4-
dioxo-1,2,3,4-tetrahydro-phthalazine, 2-oxo-1,2-dihydro-quinoline, 2,4-dioxo-1,4-
15  dihydro-2H-benzo[d][1,3]Joxazine, 2,5-dioxo-2,3,4,5-tetrahydro-1H-benzo[e]{1,4]di-

azepine, or cinnoline.

When L is a 5 or 6-membered heteroaryl ring, preferred heteroaryl rings
include pyridine, pyrimidine, imidazole, thiazole, thiazolidine, pyrrole, furan,

20 thiophene, oxazole, or 1,2,4-triazole.

Either or both rings of the bicyclic aryl or bicyclic heteroaryl group may be
fully unsaturated, partially saturated, or fully saturated. An oxo substituent on the
bicyclic aryl or bicyclic heteroaryl moiety means that one of the carbon atoms has a

25 carbonyl group. A thio substituent on the bicyclic aryl or bicyclic heteroaryl moiety
means that one of the carbon atoms has a thiocarbonyl group. When a compound of
this invention contains a moiety which contains a heteroaryl ring, such heteroaryl ring

does not contain O-0O, S-S, or S-O bonds in the ring.

30 When L is a 5 or 6-membered heteroaryl ring, it may be fully unsaturated,
partially saturated, or fully saturated. The heteroaryl ring can be bound to T via



WO 001 66583 21 OCT 2~J Pl :' T/ USO0/ 10250 -23 displaced w tE

p- met hox&ben am no group by heating w th p-nmethoxybenzy A%k 28 an inert
sol ventW ?ﬁéﬁge of the p-methoxybenzyl ami no group usi nGW¥$00(88acet i c
acid gives the 6-am no derivative 22a. Condensation of 21 with various

ot her am nes, anilines, alcohols) phenalg- nercaptans, and thi ophenol s
(some of which are 5 listed in Lists A and B bel ow) give the conpounds of
this invent 0 t = C. or F
Mot hode. of dg.?(ﬂngpgﬂrog'éh ARUE suﬁsﬁme%%%egcr@wng %s fhlatﬁg%ﬁgég? Jn =

R -NH2 J" %a{-bdﬁ atﬁhhs hah darbEn . Agiio SubstitiredtNo’dl retodtyKrifdimednsk R'S
\' \ OCN ~ ~ 2 3 -24 The preparation of the Tonmpounds

and |nternéb4teﬁné§féhct’4¥b@n Bmdtaﬁérﬁhlmbn%dgw by Fornulas 29a-c is
descri bed below in Flowsheet 5 where X, n, G- ) &, and G3 are as descri bed
above. The vitro group of 23 can be reduced to the am no group by catalytic

hydr ogepati on i NN au@g tpsribi €BF - th‘ghealﬁqndﬁﬁg%i cé%ﬁ()#é nﬂlfé%&%x neg?egg

25 by heating in the sence of solvent “gi ves

in refl ux Id ngiamybnmﬂlyﬂ dﬂwlsulp}xinr ybt hikylsgl?hletr!]yll; ehﬂqdfl ﬂﬂIDnXI umiﬂggkﬁgfrooaﬂdoius Y,
i
oovert oot dshbonfist, SRbonyallel nBRbuorlioh. slitneyiaming, el EaemyL and nes,
t
Pvonti on SgNudl dﬁ%eet W@W“ﬁﬁé AR REERTRRAURES pth 5" °

NO2 GZ NH2stEmighisclizdn @s-wisHl as branched carbon chains. The alkenyl portion of the alkenyl,
10  alkenoyloxymethyl, alkenyloxy, alkenylsulfonamido, substituents include both

straight chain as well as branched carbon chaiis and one or more sites of unsaturation

and all possible configurational isomers. The alkynyl portion of the alkynyl,
alkynoyloxymethyl, alkynylsulfonamido, alkynyloxy, substituents include both
straight chain as well as branched carbon chains and one or more sites of

15 unsaturation. Carboxy is defined as a -CO2H radical. Carboalkoxy of 2-7 carbon
atoms is defined as a -CO2R" radical, where R" is an alkyl radical of 1-6 carbon
atoms. Carboxyalkyl is defined as a HO2C-R"- radical where R" is a divalent alky!
radical of 1-6 carbon atoms. Carboalkoxyalkyl is defined as a R"02C-R"- radical
where R" is a divalent akyl radical and where R" and R™ together have 2-7 carbon

20  atoms. Carboalkyl is defined as a -COR" radical, where R" is an alkyl radical of 1-6
carbon atoms. Alkanoyloxy is defined as a -OCOR" radical, where R" is an alkyl

- radical of 1-6 carbon atoms. Alkanoyloxymethyl is defined as R"CO2CH?3- radical,
where R" is an alkyl radical of 1-6 carbon atoms. Alkoxymethyl! is defined as
R"OCH2- radical, where R" is an alkyl radical of 1-6 carbon atoms. Alkylsulphiny] is

25 defined as R"SO- radical, where R" is an alkyl radical of 1-6 carbon atoms.
Alkylsulphonyl is defined as R"SO2- radical, where R" is an alkyl radical of 1-6

© carbon atoms. Alkylsulfonamido, alkenylsulfonamido, alkynylsulfonamido are
defined as R"SO2NH- radical, where R" is an alkyl radical of 1-6 carbon atoms, an
alkenyl radical of 2-6 carbon atoms, or an alkynyl radical of 2-6 carbon atoms,

30  respectively. N-alkylcarbamoyl is defined as R"NHCO- radical, where R" is an alkyl
radical of 1-6 carbon atoms. N,N-dialkylcarbamoy! is defined as R" R'NCO- radical,



Gl ~ N~ CO2Et 2 GH 3 26 GG 28 Dowtherm NH2(CH2),; X HQ(CHZ),; X NaH,
THF HS(CHZ),; X NaH, TIiF 27 Pock ul "h2)ri ~ G- N~ CN Q 1 rCTQE 29b
29c WD 00/ 66583 -25 21 oCT 20p3 PCTI US00/ 10250 The on of the
conpourtM@ 0¢P6583i s | nventi on enconpassed by Formula 32, \Aﬁ%ﬁ‘&g&@i’%ortant

i nternmedi ates for the preparation of other conpounds of this invention) is
descri bed below in Fl owsheet 6 where Z.1X- n, &Z and G3 are as descri bed
above. Starting with conpounds 30 where the amino group is protected as 5

its acetate derivati %pgxil | t utd i.n | &y 5,

t he corrp_ourmer? &)ﬁ%g}én dq%&ilééflorb? &ﬁ?%@?hgﬁg&b& gs'i dr?e%gy%gg%glnbsf;]t |§on of 31
W th vari oygomsaA@R/, aadiR" mg,beah@ eirat or diffeedne) X .is pefecabidy phenyl apdonally

t hi ophenol s as described in Flowsheet 5 gives the conpounds of this .

i nventi on 3@bstithtedcyndne iopmeoref oft methyl,duidaenys aheraxyr ebalpgens Ve Xebsul t s
i n renoval

Vbt hods. of sSbssHBdart & pteferfedthiih 1'ofib-2 8 ' RHBUEE! win diona hhe B
Scheme § . substituted being most preferred. It is preferred that of the substituents G; and Gg, at

least one is hydrogen and it is most preferred that both be hydrogen. It is also

preferred that X is a phenyl ring, Z is -NH-, and n = 0.

Het is a heterocycle, as defined above which may be optionally mono- or di-

10 substituted on carbon with Rg, optionally mono-substituted on nitfogen with Rg,
optionally mono- or di-substituted on carbon with hydroxy, -'N(R5)2’ or ‘ORg,
optionally mono or di-substituted on carbon with -(C(Rg)2)sOR¢ or
-(CRg)2)sN(Rg)2, and optionally mono or di-substituted on a saturated carbon with
divalent -O- or -O(C(Rg)2)sO- (carbonyl and ketal groups, respectively); in some

15 cases when Het is substituted with .-O- (carbonyl), the carbonyl group can be
hydrated. Het may be bonded to W when q = 0 via a carbon atom on the heterocyclic

ring, or when Het is a nitrogen containing heterocycle which also contains a saturated
carbon-nitrogen bond, such heterocycle may be bonded to carbon, via the nitrogen
when W is a bond. When q = 0 and Het is a nitrogen containing heterocycle which

20 also contains an unsaturated carbon-nitrogen bond, that nitrogen atom of the
heterocycle may be bonded to carbon when W is a bond and the resulting heterocycle

will bear a positive charge. When Het is substituted with Rg, such substitution may

be on a ring carbon, or in the case of a nitrogen containing heterocycle, which also

contains a saturated carbon-nitrogen, such nitrogen may be substituted with Rg or in

25 the case of a nitrogen containing heterocycle, which also contains an unsaturated

carbon-nitrogen, such nitrogen may be substituted with Rg in with case the

heterocycle will bear a positive charge. Preferred heterocycles include pyridine, 2,6-

disubstituted morpholine, 2,5-disubstituted thiomorpholine, 2-substituted imidazole,

substituted thiazole, N-substituted imidazole, N-subsitituted 1,4-piperazine, N-
30  subsitituted piperadine, and N-substituted pyrrolidine.



32 31 The preparation of the conmpounds of this invention enconpassed by
Formul as 15 36, 38, and 40 is described below in Flowsheet 7 wherein @&,
GB &4) Z, n, and X are defined. Ripis alkyl of 1-6 car Bdn0&E @003

pr eferably isobutyl). R2' is a radical selected fromth si sti ng
9\&9@%6583 21 OCT 2003 PG?l US00/ 10250 -26 R3 R Eeg%gd&"%@

Rg RS R3 R3 R3 ~ , R3 R3 R3 R3 R3 R3 R3-SS-(O(Rs)2)~ - (C(R5)2)u o
(C(Rs)Z)VRsJ(CHs(CHZ)sJ H J-(C 2~s g8 R3 R3 | R3 ~ (C(R5)2)p RB R3
RB ~ (C(R5)2)u RB~'~' Rs .'. N . Rsl5= (C(Rs)2)vRs~(C(Rs)2)uS~

(C(Rs)2)v Rs J-(CHAS , V\/nereln R( ) Rg) J, s, r) u, and v are, defined.
According to the m:mmp@ngdmmnwmn 2l | CORRHLRRE O MYES, ASYIRHEISICAEPNj ¢ h

either an acid chlorjde of F | a F 35
(which is p@é‘ffﬁ?’e’d‘ Rt o %&cgﬁg’g’ﬁﬂ&nSﬁctg}rsboxyﬁ%y%Egﬁ%e%hca%{ﬁga?
sol vent suc Qié&&r&ﬁ&rs afhé Fh Wty ahd HeGnliduAPRUNASS BQnfbmers Gegsdfi Sobrse
such as pyridine) triethylam ne) di i sopropyl et hyl am ne, or N-nethyl

mor pho\IA’:qne @f s cormpoundngfothisdinvedtiarhingy |cmtemt onenonfmore double Bmds! n sushse
cases ere 34 or 35 have_an as m*retrl 0 om b d
t he racedmt €286, s ONPONAdS Qfghisa nfen §° b’?(? %PP?FI%@@&”&?@ u%e o
conpounds ofisdrhls ol PEANS Ak st Tsoldfs.” 391 & cBinpBuAd b SudPhiéifohy

Kl

tﬁﬁ‘e (o)

active forns respectlvely n ose cases, cont ai ns
contains a moiety containing the same substituent more than once (for example, when

R, is -NRgR), each substituent (Rg, in this example) may be the same or different.

10 The compounds of this invention can be prepared from commercially
available starting materials or starting materials which can be prepared- using
literature procedures. More specifically, the preparation of the compounds and
intermediates of this invention encompassed by Formulas 8a-c is described below in
Flowsheet 1 where X, n, Gy, Gy, and Gy are as described above. The reaction of 2

15 with a chlorinating reagent such as thionyl chloride or oxalyl chloride in methylene
chloride using dimethylformamide as a catalyst gives the acid chlorides of formula 3.
Condensation of 3 with reagent 4 in refluxing methylene chloride gives intermediate
5. Heating 5 with ammonium hydroxide in ethanol gives the quinolone 6 or the
corresponding hydroxy naphthyridine tautomer. Chlorination with phosphorous

20  oxychloride or oxalyl chloride furnishes 7. Condensation of 7 with various amines,
anilines, alcohols, phenols, mercaptans, and thiophenols give the compounds of this
invention 8a-c. Thus, 7 can be reacted with an amine or aniline by heating in an inert
solvent such as tetrahydrofuran, butanol, or methoxyethanol to give compounds of
Formula 8a where Z is -NH-. The reaction of 7 with a mercaptan or thiophenol in an

25  inert solvent can be accomplished using a base such as sodium hydride to give
compounds of Formula 8¢ where Z is -S-. The reaction of 7 with an alcohol or phenol

. in an inert solvent can be accomplished using a base such as sodium hydride to give

compounds of Formula 8b where Z is -O-.



WO 001 66583 -27 21 oCT 2003 PC f/US0O0/ 10250 primary or secondary am no
groups, the amno groups will first have to be protected prior to anhydride
or -acid chloride formation. Suitable protecting groups in@hqﬂ%% t are not
limted to) tert-butoxycarbonyl (BOC) and benzyl oxycar bonyl

pr ot ect | q)g&@#ps. The former protecting group can be reR6F&SH} A t he
final §N§r8 s by treatnent with an acid such as trifluoroactic acid
while the latter protecting group can be renoved by catal ytic
hydrogenation. In those cases where the I8 contains hydroxyl groups) the
hydr oxyl groups may first have to be protected prior to anhydride or acid
chloride formation. Suitable protectipjgvdiegt/Ps i nclude, but are not limted
to) t-butyldinmethylsilyl, tetrahydropyranyl, or benzyl protecting 10
groups. The firs&atmo protecting groups can be renoved ¥4omthe final
products by treatjyfent_with an acid such as acetic @¢id

whil e the | &8¢ C(Qd"\ngugds loddanorbe r enov by chatalytic
In those cas@ylpmnﬁmEEM' 'E@§ 33 9 where X

hydr ogenat i on. '

contains pri condary am no groups or hydrgayl ﬁrou s, it may be
necessary to protect these groups prior to the reaction4th 15 34 or 35.
The same am ne or2 al cohol protecting groups describe above can be used and
t hey can be renpoved fromthe products as previously described. In a simlar
manner) 37 can be qgﬂverted to 38 and 39 can be converted to 40. WO
00J66583 21 OCT 2Q03“S%léUSbO/10250 -28 Frowsheet 7 Z(CH2~n' X H2ZN ~ ~ C~N

@@ NN33 OOR2 --IK r R ~ Ro OCO 34 HF,%Fyridi or Hs) 3N Ga
QR ~0 d@%&ﬂsﬁf&agp.

Z~(CH" X R ~NwwC-NEeN@ NN 38 @

pyri dine, or (GAHSY3NS373938"0 R2-~C ~0COR, 0 34 3s THF
pyridine, or (CzH3)9W&k0O 5 By using DG al”’to that describe above
in Flowsheet 7, the intermediates 41 Tan be converfted to the conpounds of
this invention) 42. The anal ogous [1. 8Jnapht hgri di ne can be prepared in the
same way. ~ru_v _x C H2 41

G 4 O . G4 Cl
Gy e CN POCls Gy I XY CN
L | chiorid 7 N
G; N }Nl or oxalyl chloride G N , N

6
G, NH(CHp)-X

Gy X CN
NH,(CHg)s-X m .
p
! > e NN

Isopropanol
Gs O(CHa)wX
HO(CHy),-X G N XN "
7 — I A~
NaH, THF G5 N N
G  S(CHRnX

HS(CHg)n-X G1fjf%\/c"‘
NaH, THF a” NN



CH-Y Z~( 21n ~G- N~ CANR" N~ N HG3 42 In order to
prepare the conpounds of this invention) certain am nes argnpequieged. 10
Sone representative am nes are shown below in List A vvhe ‘Ir{ijs@loz?o and r

are as 90/668% above. These anmines are avail able commerci a are | onown
in the chem cal 21 OCT 2~3 WD 00/ 66583 -29 pGI/ US00/ 1 0250
literature, or can be prepared by sinpl rocedures that are well known in
the art. In sone cases, these am nes rra;e/zq[")lave one or, nore asymetric carbon
at ons; they can be used as the racemate or. they can be resolved and used as
the indivi dual RIB¢ PEPAmRtian(of dhepempenngs of this iaventinr eaeampassrssby, Formpla

I nvention in the racen r.5 | cal | forns Jvely.
Thr oughout V\H’I vghlglbﬁ{e 1Hporagt 1ok grﬁ?glaﬁso@ghhg fgp%ﬁﬁi?épﬁgﬁhswo %@é’ﬁ&”

and ot her sinGeAein, 351 deSsribedl bélowein Wv@sﬁ@&t 2 Cwheret D XU SN &GS @ndt Gy Gha! a8 of
the formula: (R )QNH, wherein this fornmula can represent a primary or

secondar y addscmbed abo@e O Nigati@BoR3 with fukiing m&acﬂza@dt(sﬂfme M:idesllﬂucd by
Fls-0-( ~ NH 21 20 3 PCTI US00/ 10 0.-3Q Rs
(~(Rs) z |\£ WDM% hosplagr pza&?xwhf?q@ ﬁvqu}!?s y psing the methods

described above in Flowsheet 1, 10 is converted to compounds represented by

formula 11. Reduction of 11 with iron and ammonium chloride in a water-methanol
mixture, at reflux, gives the compounds of this invention represented by formula 12.
Compound 12, in turn, can be used to prepare other compounds of this invention.

10
Flowsheet 2
4 Gy
H - -CO2H 1. HNO3, HoSO, OoN__ - ~COH
' ~ 2. POCI l
. 3 b
G~ N° "OH G5~ N° Ci
9 10
Gs Z(CHy)p-X
Methods of Scheme 1 O.N X CN Fe, NH,C
"""""""""""""" | A~ H,0, CH3OH
G~ N N
1
Gy Z(CHp)p-X
HoN XN CN
PP
Gs- N N

12



| Rs Rs (~(Rsl2)p N-(C(Rsj~p -NH Rs Rs-N (C(~r . y--NH Rs-N-(C(~ ~r Rs
(~(~p F!'s-0-(C(Rs~p -NH ~N NHRs ~NH ~NH CNH Rs N ~NH Rs- 0- (C( Rs?21r t-- NH
Rs-N- (C(Rs~}r ~ ~Nf~-N~ H N~NHO, . NH Rs~--~S"NH Rs0=S~ HO~S~NH CNH C NH N

~N. ~NH ~~NH N ~NH RsO ((~~~ O~ NH O~ Rs-N~NH RsN~NHRs ~/ 0 &1.0CF 19§®s O~
~~NHRs |In order to prepare the conmpounds of this inventio ' | cohol s
are . re‘ﬁgiop’éff&Sorre representative al cohols are shown be?g\?vﬁfsh&t&ﬁ? B
wherein R6, p) and 5 r are as defined above. These al cohols are avail able
comercially, are known in the chem cal Jdjterature, or can be prepared by
simpl e procedures that are well known in the art. In sone cases, these

al cohol s may have e ?ﬂémé ' r 1%@_'&1- e d as
the racenmate or tﬁie}g %%hmg[e}&r?e‘?i ve B%:Rguﬁsegﬁgsﬂﬁt e %%%?@85@%6- 21
OCT 2003 pcrén¢papasseddsy Fortnulagl®d-c B deschibedbelowi mrFlowshest Siwiehe XaapGy e
conpounds of this invention will be in the racemc or optically a)(;jtri ve

forns, respe@hiandiGu arvias desmibad abovies Ragygtionnfitemnitse grorp of kydragrinn

bel o) tnescdl SRS InOHIGHeA!8 BbeShr B S aihd, el FCPAbEE,

Rs- O (A Bs) asarbdddtdderivative (BOC group) gives 14. Lithiation of 14 in ether using n-buty!
lithium occurs at low temperature. Trapping with carbon dioxide followed by
acidification gives a carboxylic acid which can be converted to the methyl ester by
treatment with trimethylsilyl diazomethane in methanol. Alternatively, the lithiated

species can be reacted with ethylchloroformate to give 15 directly. The lithium
10 enolate of acetonitrile is prepare in tetrahydrofuran by addition of acetonitrile to a
cold solution of n-butyl lithium. Addition of a tetrahydrofuran solution of 15 to the
solution of lithio acetonitrile at low temperature gives, after work up, compound 16.
The reaction of 16 with dimethylformamide dimethylacetal gives the hydroxy
naphthyridine intermediate 17 or a tautomer thereof. Chlorination with phosphorous
15  oxychloride or oxalyl chloride furnishes 18. Condensation of 18 with various amines,
anilines, alcohols, phenols, mercaptans, and thiophenols give the compounds of this

invention 19a-c.



Rs-O (C(Rs)2)r Rs-N (C(Rs)2)r R6 O (C(R6)2)r OH OH ~ r--gﬁ R.=s

R6- N- (C{Re) 2~r Rs-' N- (C(R6) 2~r -~'-(C(R6)2)r p R6N oH ~ i RCHB o1 ~/ 0
OH RsNwdbb/ksssd! | n order to prepare sone of the conpoundBCTAUSDHI®SE nvent i on
certain m xed 10 anhydrides are required; these are prepared as outlined
below in the follow ng Fl owsheets V\/nereif‘g R(, RI0) X, Z, n, and s are as
defi ned above. J' is a hal ogen atom chré#ine, broni ne, or iodine) or is a
toslyate (p-toluenesul fonate) or nesyl ate (nethanesul fonate) group. The
reaction of 43 with an amine of ListFlawsbBeesdconplished by heating in an
inert solvent such as tetrahydrofuran or N, N-di nethylfornzam de) or 15

usi ng potassium or ces,um c%r bonate in acetone. gJhe tenperature and
duration of the h i vvill-mg-rmlgp e reactlivity of 43; |onger
reaction tines and hhlgh r tez'rﬁ)era'tureéo%‘/ lgﬁ Ui red when s is greater
than 1. Treatnent of o, h an al kyl |ithium _ékol | owed by quenchi ng
wi th an at nosphere of Ggry carbon di oxi de WO 0Ql 6 8B -32 21 OCT 2003
PCTNS00/ 10250 furnishgS the carboxylic acids of Pormul a 45. These can be
converted to m xed anhydrides of Fornmula 47 usin$ a reagent such as

i sobutyl chloroformate in an inert solvent such as tetrahyd an in the

presence of a ”ﬁ% hyl I‘f‘Dch | i EH gﬁ?g nteyqri @Nt hen be
used to prepar&e HCC O g‘&n S 8'?" Himu 'n#desc i bgd in the above
fl owsheets. The_reaction of .43 n, al cohol of List B i shed
usi ng sodi um hydri de or other nonJnucy i ¢ base such as taggi um or
cesiumcarbonate in an inert solveat $8ich as tetrahydrofuran, acetone, or

N, N-di met hyl formami de. I n some cgsegy the al cohol of Lisg,Bgian also be the

sol vent of the rqaghicA@erg]’ eat nent with an al ky | ] m geagent
fol | owed by 10 quenchi ng wi tﬁ‘ phei’ €968 - FEcar i de’ furni shes
t he carboxylic acids of formul : ese cawebe conver~ed™~L& m xed

anhydrides fornula 50 using a rb gth such as isobutylchliorgformate in an
inert solvent such as tetrahydroﬁa-vraﬂ in the presence of ﬁ‘ase such as

N- net hyl nor phol i ne. These anhydri des can then be used to prepare the
conpounds of this invention as described in the above fl owshects. 15 WO
001 66583 -33 F7owsheet 8 (R )2NH d' (C(Rs)fs NH(G4X 21 OCT 20f 13

PGT/ US00/ 10250 (R )2~(C(7~C-S§€CH517§4 1. Gi N (R~2~(CW)s - CQD2H 2. €02

45 ,0 (R~2~(C(RB)2) s - e
Gy 102
Gy, O(CH)X
HO(CHg)y-X G NN
e e——————
NaH, THF N N
Gg 19
Gy  S(CHp)y-X
HS(CHp)X B AN
et
NaH, THF Tt
G, 1%

The preparation of the compounds of this invention encompassed by Formulas

5  22a-d, which are important intermediates for the preparation of other compounds of
. this invention, is described below in Flowsheet 4 where Z, X, n, G3, and G4 are as
described above and J'’ is fluorine or chlorine. The chloropyridine 29a can be
converted to the corresponding fluoropyridine 20b by heating a solution of it with KF

in dimethylsulfoxide. By using the methods describes above in Flowsheet 3, 20 is

10  converted to compounds represented by formula 21. The fluoride atom of 21 can be



O~ [/l 46 R-o~~ THF, N-nethyi norphofine ROH (C(~~s . - HRO-(C(Rs)~s - H
43 C03) acetone 4g or O NaH, THF 46 R~0~Cl 1. THF, n-BuLi2 RoefCiol-~B - CO2H
2. Q02 THF) 49 N-nethyl norpholine R-~(C(Rs)a~s - C , O g-pPuosooistse 50 As
out | | QU5 owsheet 9 bel ow wherein @, &3, &, R(, R p, X7 n) and s 5
are as defined above, alcohols 51 can be protected with a t-butyl

di met hysilyl protecting group by the-23%action with the respective silyl
chloride in nethylene chloride in the presence of triethylamne and

4- N, N- di gt j i di . ESitink| el s, 52,
v e ConveisRHERT R PPHEb{chSenirl M erdliafpy Aeuing it BLAL 6! Atadl ERIE °
mai nt ai negh pRdRert aslvehGiphage of fthedpynedrixybenzylaniindOgwap ABing3trifibracT 2ap3

PCT/1jJUU 1 Ul~U dioxide to give the car boxéi c.acids 53, As .described
above t heseetigragid-@ines thesbraming desivasivecPag kRpdensaten of 21,with varo % on with

the 6-amno: [ 1.7] naphthwridine 5 i . f} t t he
sequence, @H%s’s esp?‘@?ﬁ% iﬂ’&“‘glﬁ’o‘ﬁ%%gﬁ‘?e%dv%%@&? %Seg'p ﬁiﬁg&v‘ﬁ aﬂﬁé'& din a
proti c5 soj;uedtn Mstst Allafid BobIoWEgivéIBe coripsunds of tapimeatos R2byd.For nul a 5 58.
In thg5 sapre manner the corresponding [1.8] naphthyridine 59 and the [Z. 5]
napht hyri di ne 60 can be prepared. Flowgheet$66583 -3$  Fi owsheet 9 21 O CT
2003 PCTI US00/ 10250 C(R~S - Ht'BuSi (CH3~-Ch t_guSi(CH3)2 O (C(R-2)$ -
H 51 DVAPI 2~ (C2H5) 3¢ 52 O O THF, R-0Q-~ 1. THF) Br t_BuSi (CH-2

O (C(RB)~s -. CLCl C02 OH N- r phol i nd~ BuSl (CH~2 O (C(R~~a ,
C O+ H2N C~ 55 p' ~0 THF, pyridine t-BuSi( O[C(Rg)~s 57 acetic
aadr f HF/ wat er 3: 1: ﬁ@g&) . Z NO,

Gs 20b
Gq Gy Z(CHppX"

J" Methods of Scheme 3 Jv NN CN

IJ/ ------------------------- i IJ//

NO, N
G3 G3 21

20 J=ClorF
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58 HA Z~(CH"X HO- (C(Rs)~a - ~~-N\ ~CNO&Z N _NJ 59 C~ HO(C(Rs)~s - n
"' 0OG60 ir~u yX 2 1 OCT 2003 WD 00166583 -36- ' PGI/ US00/ 10250
Conpounds 6f--t-hi s invention are also prepared as shown bel ovp § I heet
10 wherein &, &, &., R, R1 p, X, Z n, and s are as defined abbVe. J'
is chlorine, bromne, or iodine, or is _?4t_osl yate or nesyl ate group.
Treatnent of 61 wth an alkyl lithiumreéagent at | ow tenperature foll owed
by quenching with an atnosphere of dry 5 carbaon_ dioxide fiuyni,shes the
carboxylic aci dsThe prspasatian 6of %@@WW%@QOW@W%@“F ‘#‘I thiyy 18 i des

f Formula 63 usi e h A R
ool vent s ucrrcetaskAy, EPaRls A0S if fescRBal B i FOER' £ whire2, 4,161,
et hy | mor plg Jujads, ot Qledeaibid abis Tha Rittd)groupeof 2kt e RAKRANG tidwming

conmpounds o I's invention as by the reaction with the 6-amno- [ 1.7]
napht hyri di peupbydesalytib bydrogenation én ian inereseivents Fhe condensationefcd4 ad e 65

wi th an al cohol qf List B is acconplished usi.n um hydri.de. or r
non- nucl T opfeagent PRy heating in Fpérai’sgtgf’\?g ﬁ&vgmvggigghegw%?yﬂ)@ebg og(r% 18

N, N- di net hy| ' j Sehaf b [ Fréspodiapt ed
by 66. In Sg@%@%ﬁ@%ﬁ’@%&%@l%W%%Bmga%&ng?@gd?f?{é@?gl veént OP t he
reaction. ThetdmeC CHorisdtionSof\2T hinareflaringe phédsphiosdusAoxychioridefurtishes o2 ounds
of this invention represented by 67 is acconplished by heating in an inert

sol vent sucBondensatiompf 2B withrvarions anunes.Anikingsy picohalsephegels, percaptaps, and

pot assi um or, .cesi carhonate in A rature and duration of
the heati ngtPRhengls EY&S ﬁcqtﬂgoqugg%fl@{]@mﬁ&b?@%nger reaction tines and

hi gher nperatures nmay be required whamosvshéet8 eater than 1. 21 OCT 2003
L

WO 00/ 66583 -37 Fl owsheet 10O CO.Et
2
= 2%
G Ny wrge O BO CN
() = Y -
Gg N02 GZ NH2
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23 . 24
O .
Gin Ny, G N CN
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o Y N e
Ga CN Gq
26 27
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Gy~ N CN
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- Z y
isopropanol Gy N
G
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CN
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J'- " (C(R6)2)s .- H~ THF~ J-(C(Rs)2)s 6t 2' C02 62 OH ,,0 G4 Z~(CH-n- X

R~~pJ~Cl J'-(CQ(Rs)?~s - C~~ + RN\ ~ CN --~ O -1 THF, ~ ~G

N- et hyl nmor phol i ne O OR~a G3 64 PCT/ US00/ 10250 THF, pyri dlznleuﬁlé%;

J'"(C(Re)2)s - "C N\ ~CNO 65 ~N G3 K2C03, acetone R OH or

~~N~

( CH~-n- X
F

(R ~NHwiloolee6€H2) e- X H R~~(C(Rs)2)s - ~C N\ \ CN O ~ / RETHI002¥+-"- X H
66 G3 (R~)2~(C(Rs)a~s - C~-N\ \ CN O ~~N~ 67 G3 WD 00/66S83 -38 21 O CT
20D3 Pcr/usoon 0ZSo Using nmethods simlar to that sumrmari zed above the [
1.5] naphthyridines GS-70 and the [ 1.8}26aphthyridines 71 and 72 can be
prepared. RC(C(Rs)z)s OG68 (R)2N(C(Rs)2)s COGss C(R)2N(C(RB)2)s
C, O70 U3 ,ru ~ TRé prepdrition ofthR cBrgeundsdfithisinwerida ercohipaisdd by Fodtnnla~ CN

0

32, which are important intermediates for the preparation of other compounds of this
invention, is described below in Flowsheet 6 where Z, X, n, G; and G; are as
described above. Starting with compounds 30 where the amino group is protected as
5 its acetate derivative and using the methods outlined above in Scheme 5, the
compounds represented by formula 31 are obtained. Condensation of 31 with various
amines, anilines, alcohols, phenols, mercaptans, and thiophenols as described in
Flowsheet 5 gives the compounds of this invention 32. The conditions of these

condensation reactions also results in removal of the acetate protecting group.

10
Flowsheet 6
Cl
HaCOCHN_ N Methods of Scheme 5 HyCOCHN IN\ = CN
| """""""""""" - Az
ng;g\Noz Gs [ N
Gs 3
30 a1
Z(CHg)pX
HoN N\ X CN
Methods of Scheme 5 |
----------------------- - / /
Gs N
Gs
32

The preparation of the compounds of this invention encompassed by Formulas
15 36, 38, and 40 is described below in Flowsheet 7 wherein G2, G3, G4, Z, n, and X are

defined. Rj0 is alkyl of 1-6 carbon atoms (preferably isobutyl). R2' is a radical

selected from the group consisting of:



@ NN71 A Z~(CH2)~ x H(R)2N-(C(Rs)z)s C~-N ~ ~ CN O 1%&}6@35 21
OCT 2003 WD 00/ 66583 -39 PCTNS00110250 Ot her carboxylic a€i'd 1“0T°i des and
anhydr wéegosdeesdded to prepare some of the conpounds of t MGT/V$PEA %N are
prepared as shown below in Flowsheet 11 wherein R6, R3) Rip) X, Z J', n)
and s are as defined above. Q is an alkyl group of 1-6 carbon atons. The.
esters 73, 77) or 82 can be hydrol yzed ¥@&-+h a base such as bariumb5
hydroxi de to give the respective carboxylic acid 74, 78, or 83. -These acid
can be converted to the respective carboxylicRcid,chl orRges Rg or 80 by
usi ng oxal yl. chl oride and cataRgtic/N N digret h man deyindan ipert

sol vent or respgetEEE—Hi xed angZGﬁéles 79"§r_8 T?/Trﬁm ngd so

chl orof ormat e and an organi c bgsSe sgch’as NMiethyl PHHol T'de. e\l eaVi ng
group J' in conpounds represen ad by °For mRs 81R40 and 76 cdRgbe Baspl aced
by the am nes of List A or the alcohols of List B by using procedures
previously describ to give the internediates 82 and 77, respectively. The
carboxylic acid chi@rides 75 and 80 and the anhydrhges 7% and 84 can be

used to prepar&a sq\e of the corrp&:lnds of this inve usi ng the
net hods outlined h@xei n above in | owBheet s.

21 OCT Y03 WO 00/ 66583

-40 PC Tl US0011RQ owsheet 11R.R3 | 4 1 ( Rs)zlés’;_- . (ERs 73 Ba( O+
ethanol , H20 R3 , C02H ~' - (C(Rs) ?~s~Rgf 74 {OOCK CH2CH1C(BaJp)y( cat . ) R~C020'
~~-(C(Re) ~s~~-.-(~R3 76 R3 , CCCl ~~|-:?‘é( Rs~8~~- (~Rs
e / (C(Re)2)y
R3—S—S—(C(Rs)2)y — , R3/‘o>( ' Raf"'N\ I .,
Rs (C(Rs)2v™ Rs

/ (C(Rs)z)u I ' q / (C(RS)Z)UI
(o]
\ (C(Rs)2V” PRs \ (C(Re)2l” Rs

J'(CHZ)S (Cl"l2)s‘J
= J-(CHp)—=—
J-(CHo)s ' .

wherein R6, R3, R5, J, s, 1, u, and v are defined. According to the reactions outlined

5  in Flowsheet 7, acylation of 33 with either an acid chloride of Formula 34 or a mixed
anhydride of Formula 35 (which is prepared from the corresponding carboxylic acid)
in an inert solvent such as tetrahydrofuran (THF) in the presence of an organic base

- such as pyridine, triethylamine, diisopropylethylamine, or N-methyl morpholine gives
the compounds of this invention of Formula 36. In those cases where 34 or 35 have an

10  asymmetric carbon atom, they can be used as the racemate or as the individual R or S
entantiomers in which case the compounds of this invention will be in the racemic or

R and S optically active forms, respectively. In those cases, where the R2' contains



75 R OH K2C03) acetone or NaH, THF R-C020' R-~(C(~2)s~~--(~R9 77 O THF,
Ba(OH) 2 R3 CO2H R~0~Cl N-net hyl nor phol i ne ethanol, H20 R~O'-(C(Rs)~ ~R3 M
or (COCl)2, CH2ClI2, DF (cat.) 78 OO OR R3 ~C~- ~CQ O ~0 R3 CCCl
R~~(C(Rs)2)s~Rs or RO (C(Rs)2) ~R3 79 80 R3 C02Q (R~)2NgRocT Q003

~ - (C(Rs)a~ ~Rs (R-)2~(C(Rs)~s~R3 82 81 ,,O Ba(ON~ R3 CD g
et hanol‘,v)%“ﬁ? )2N- (C(Fi e)2) ~R3 THF, N-nethyl nor phol t n?éggh%gn?@ ,ORS C
CEO (R-) 2~(C(Rs) a~S~Rs 84 = 21 OCT 2(103 WD 00/ 66583 -41 PCTI US00110250 By

usi ng the nethods identical to those outlined above in Flowsheet 11, it is
possi ble to prepare the anal ogous carbox??fc acid chlorides and anhydri des
given below in List C wherein R6, R3, p, and s are as previously defined. G
i s the radi quimarRtar secotlary aino FoGpsOt® @mido Aroupstwidl fimthaal to be\grBteried~

X oo i SHEY i P S Wobie Fmal sh e e Of ok s -
Oy ey 5y e e i bR St MaSReRNSLIERALY
and by pur syprowmctilg glougs. | Fhed former Ipeotedtingt proup xédip be reifoved \esm bk ofidalmany

of the cg rrp%llj'cr)] lisctsOfbyt rt]riegmilcrr}}/e“rr]itﬂ; Ca)lg gcailg sll?zgh pa;egiaﬂruggdactic acid while the latter

protecting group can be removed by catalytic hydrogenation. In those cases where the

R2' contains hydroxyl groups, the hydroxyl groups may first have to be protected

prior to anhydride or acid chloride formation. Suitable protecting groups include, but

are not limited to, t-butyldimethylsilyl, tetrahydropyranyl, or benzyl protecting

10  groups. The first two protecting groups can be removed from the final products by

treatment with an acid such as acetic acid or hydrochloric acid while the lafter

protecting group can be removed by catalytic hydrogenation. In those cases, in

intermediates 33, 37, or 39 where X contains primary or secondary amino groups or

hydroxyl groups, it may be necessary to protect these groups prior to the reaction with

15 34 or 35. The same amine or alcohol protecting groups describe above can be used

and they can be removed from the products as previously described. In a similar

manner, 37 can be converted to 38 and 39 can be converted to 40.
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207

| 66583 -42 usr ¢ A-(C(Rs)2as R3 A (C(~?~s~R3 A-(C(R6)?as, ,G)~R3 R ~3
R3 R3 R3 GR3 .G R3~(C(RB)~s' A R8 O(Re~t)s' A R3 R3 R32® O0CT( ClR~s G ~R3
Rivdod/kdske) 2) s R3 R-G R3~R3 R3 R3 G A- (C(Rs) ?~s~"~ RETRISOM3IES R3
R-als% R3 GR3 G R3 R3 A~C(~s R38 R38 G ~C(Re)?~s-A R3 R3 R3 R3 R3 G R3
C(~~s R3 R3 IC(Rs)?~s-A R~-G R3~R3 21 OCT 2003 PCTNS00110250 R3 R3
)~s' AR ~-~3 R3 GR3 R3 R3 R3 A (@BRg)~s G R3 G R3 A-(C(Re)2)s~~ R3
3 G~~R3 R3 R3 (C(Re~s-A R3 R3 ~R3 R —--~3 R3 (C(Re)2)s' A A’ (C(~?~s r
R3)2)p Flowsheet 7
0 O .
g, 27X L R0 L G 7/ CraX
HoN NS Cm=N 28 as Ri N AN C=N
Gs N/ N/ THF, pyridine, of (CaHs)aN OG2 N/ N/
33 38
0 o]
7GR X R or R oconyg \ -(CHwX
1
HaN_ N C=N i as Ris N IN\ L C=N
Gs NN THF, pyridine, or (C,Hg)aN ogz Z . N°
Gy Gy -
37 38
o] o |
g, 70X R orReL o0 L Ge z(OHIX
 HoN G C=N 4 35 Rz'YN NN C=N
N N” THF, pyridine, or (CzHs)sN o Ny N
Gy Ga
39 40

5 By using methods similar to that describe above in Flowsheet 7, the intermediates 41
can be converted to the compounds of this invention, 42. The analogous [1.8]-

naphthyridine can be prepared in the same way.

2-(CHe)n-X 7-(CHa)a X
G N AN oG IN\ N O
l 5% R - R ./u\N Z N’
HgN 7 N 2 H &
G3 3
’ 42

41
In order to prepare the compounds of this invention, certain amines are required.

10  Some representative amines are shown below in List A wherein Rg, p, and r are as

defined above. These amines are available commercially, are known in the chemical



Compounds of this invention represented by Fornul as 88-95 can be prepared 5
10 as shown in Flowsheet 12 wherein G1, &) G, 4, R6) R 10) X, 2) J', n,
and s are as defined above. The reaction of the carboxylic acid chlorides
85 and the 6-am no-[1.7J naphthyridines 86 using , an organigCThag i n an
inert solvent gives the conmpounds of this invention represented by Formul a
87. The reaction of 87 with an alcohol of List B. is apCDUBWKREH using
sodi uW@Yees82 or ot her non-nucl eophi c base such as potassiumor cesium
carbonate in an inert solvent such as tetrahydrofuran, acetone) or

N, N-di met hyl formam de to give the conpggnds of this invention represented
by 88. In sone cases, the alcohol of List B can al so be the solvent of the

reaction. The reaction of 87 w th. ag am j ' agorpounds
of thi s rikerirents canpecmrarsubly Ssiple BBCRRAY wil B el Rodlh i BEs
represented b i 4 hahéré Asyfimetiid carbon awmsstheyscah as

t et rahydr oﬁoﬁ%ﬁggsr’ ﬂifs?l- I mtﬂ?%%ebn’%nﬁi de. Theyt enper at ure ang aiﬁiati n of
the heat i nge widdl asotpaactnnite bh cheyemat beviesolvest amlyusedogythe Ay R F ks and

hi gher tenperatures nmay, be required when_ s .i s greater Ltion,
by using téntant®mess oWl waesectaﬁsewyf’\"tdgé?&%‘as qu?gtg?%&ﬂtgggﬂr@%(fégggﬁ‘ﬂ%” des
listed_in List,C can S L Qs hﬂﬂﬁiiﬁ fi Gaphe Fleowshedt$i s

i nvent i50n.°‘§§Fa¥‘h5ﬁ@Y%ggﬁé?%gf%gggﬁmérhiegtegﬁ%bovq, '?he correspon%lg [
1. 8] - napht fhahirdbelew, Absanehises, and otliee similareamioesi wgll[ e sgpreseiadnbY ithe nes
92-95 can be prepared. 1 p Flowsheet 12 Z~(cH"-x 4 R3 ,COCI ~N ~ \ CN

N, N- dnsopr generiotstry¢tureraf the fogpmaj 2)a R3 ~ / N~ THF g5 3 88 ~(CH~,-X R3 H 4

~~-"(C(~s~N\ L. GNJR 3 1.0 ~zN-= 7 L THE
(R )(ZCN:(H H 4 zﬁ‘@t"m i’fle?ﬂ@s fszw%%&ﬁé%iﬁ?m BF séZofling antine!
(R-2N-(C(R-2~s~N'\ '\ CNR3 0 ~~N~ IRI3. 1O ~/ N 89 21 OCT 2003 WO

001 66583 Z~(CH-n-X R O'' (C(R~2)s~N ~ ~ CN R1-3 fO G| N N 2 90 Z~(CH-n-X
RO(CR2~/ NN~CNOGI / NJ. 2 3 92




~(CHNn XRG- N~CN3 Ro-"(C(~s/ NI / N394PCTNSO@1102502;I!BG4
2~(CH2 R)2~(C(~z)s~-N ~ ~ CNRL'3 i~ Gl NN?2 X
()2‘@%"{’?“5# NN~CNs OGI / N2393~(CI—I~XG~N%hCI}%%(R’£?gol1(C(~~s/
-H1 / NIl 395 The reaction of 96 with a nitrogen containing heterocycle

HET which also 5 contains an unsaturaiﬁp carbon-nitrogen bond is
acconplished by refluxing in an inert Solvent and gives the [ |

. 7] - napht hyri di nes conpounds 97 of i,s invention where the conpound bears
a positive charge. The counter anio £ can be replaced w th any ot her
pharmaceutically acceptabl e ani on u5|ng the appropriate ion exchange resin.

The corresponding [1.8]-naphthyridi ne [1.5]- naphthyrldlnes can be
prepared in an anal oggus nmanner. 10 | 66583 , 21 OCT 9F903

PCT/ US00/ 10250 Ry 45 Z~(CH?~n-X J' -(O[Rs ~7~s~N ~ ~ ON IIRa. C~ N/ NJ 96
G3 N HET ~ X Songuof tMNe conpgynds of tm:(aG)g) nvemsi on can Kffebbepared as
outline bel ow igf Fl omgi%aet 13 whe { Géf R( -RE(BG)Z),,X-NB) J', n, and r
are as defined above e 5 agety m% al cohoIsR98 can be coupl ed to the

hal i des) nesyl ﬁ}fs or tq%yl ateés 99 using a base sych as sodium hydride in
an inert solve as ahydr o The r uJ icetyl ene, 100, is
then treated w (Q@Bﬂq ﬁ'ﬁl it AT uén kﬁi@e :ﬁ, | ow teég(g?hgt RG Mai nt ai ni ng
the reaction ufler an atno %phere of carbo |-pXI de F[ahen gi %Nl‘! he

car boxylic acids I01 Thes react eg,N-t e’ 6-amno-[1.7] 10
napht hyri di nes'}e —Ryo(CRskle T m e§ glbr%;[ﬂrl des to ;Nve(@%ah)g conmpounds of this
i nvention represent ed by Formul a 103. AI ternatively) the internedi ates 106
can be prepared starting wtlipgan al I_é(ﬁé%by first treating it with a
base such as sodi um hydride ijn an inért 4 Bch as t eygahydrofuran and
t hen addi ng an acetyl ene 105qﬁg)gf has an approp mﬂe |l e ng group. In a
simlar manner, 9%» hol s |%_J’ EERSN ed by the jormul a:
(Rs)ZN-(C(Rs)Z)r- ysr acting wt R0

R N\ N=N ~
Q-NH% Re—N  NH( NH ((“e)zc)s\o NH
/N
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In order to prepare the compounds of this invention certain alcohols are

. required. Some representative alcohols are shown below in List B wherein R, p, and
5 rare as defined above. These alcohols are available commercially, are known in the
chemical literature, or can be prepared by simple procedures that are well known in

the art. In some cases, these alcohols may have one or more asymmetric carbon

atoms; they can be used as the racemate or they can be resolved and used as the



converted to the conpounds of this invention represented by the formul a

107. In an entirely anal ogous nmanner the correspondi ng 5/ 2008d [

1. 8] &%ggggrl dines are prepared. mG WD 00/ 66583 PCTA%S" 769\/56eet 13
2{? THF, NaH 2. R60- (C(R~2)~ J. 98 99 1. THF, n-BulLi

Rs (C(R6)2)~ o- (C(R6)2~ H 100 2 COy ~0-(~(~~~ o-(~(~ | 101 OH O 1. R~00

Cl N-nethyl norphollne Z~(CH~n_X . 2-BAN \ \ CN 102 >J~NJ G3 THF, pyridine,

or N nethyl norpholl ne ~(CHyX H R6~(C(~2)r~-(C(R6)2)r - ~L~-N\ \ CNO ~/ N

138 &3 . 2. AT ANkl Be

J - (C(Rg) V%igggﬁggﬂ{“g?&gﬁ? li ase%ee?mgm&%%@?[a% C.NIT \ \
CN ( RB) 2~{{GhB&acenhic -dr Gpatally actB/eNfome;l réfpectibely. Tirodgh@s B3 applicagor iw( ~3
PGTNS00/ 10250 The co ounds of this inventio

F 111
and 112 athe Flowsheessi shews Hwlgw.nihessyalcgh ‘iﬂﬁo%&é@?g m%ﬁg@fr@@%, and

n defi nedre%lr)e%\e/nted by the generic structure of the formula:

5 R'OH

ListB

Rg
Rg—OH N—(C(Rg)2)5—OH Rg—O—(C(Rg)2)i™

RG
Re
Rg—0—(C(Re)2)r Rg—N—(C(Rg)2)r Re—0—(C(Reg)2)r
OH Re OH Re OH
Rg—0—(C(Rg)2)r Rg—N—(C(Re)2)r Rg—~N—(C(Re)2)r

o} ReN
Oror wDon on
. |

Lron wlQron on

In order to prepare some of the compounds of this invention certain mixed

10 anhydrides are required; these are prepared as outlined below in the following
Flowsheets wherein R6, R10, X, Z, n, and s are as defined above. J' is a halogen atom
chlorine, bromine, or iodine, or is a toslyate (p-toluenesulfonate) or mesylate
(methanesulfonate) group. The reaction of 43 with an amine of List A is accomplished
by heating in an inert solvent such as tetrahydrofuran or N,N-dimethylformamide, or
15 using potassium or cesium carbonate in acetone. The temperature and duration of the
heating will depend on the reactivity of 43; longer reaction times and higher
temperatures may be required when s is greater than 1. Treatment of 44 with an alkyl
lithium reagent followed by quenching with an atmosphere of dry carbon dioxide



and the amnes HN(R')2 are selected firomthe group: HO 7 HN RS ~ ~d R-NH
5V ~/ Rs Refluxing 108 and 109 in a sol vent such as ethafdl 0gT 208 t he

i nt-er myglh ad/gssas O Which can react with an amine in reffuxpopustdmest to give
t he conpounds of this invention represented by Fornmula 112. Treating 11.0
wi th an excess of a sodium 10 al koxide in an inert solvent or a solvent
from whi ch the al koxide is derived gi ved2the conpounds of this invention of
Formula 111. In an entirely anal ogous manner the corresponding [1.5] and

[ 1. 8] - napht fuyikkésn@ife dtudoRylRpacias of foMfklA 45 OFE3e Zhn (8e cafvRRd P miRedN
ozso - 48 Flowsheet 14 O CEt + H5- ~H O OEt 108 .~~ -X On Et0 (R")2NH
CzHsOH 111 #=berrides oOFopnulyi47? wingsa reagentsugh [3s NpobutyleiNprofgrnregin ap apert 12 5

Co ds of this | ti t.ed la 31 b d
Shomn T et e sl °gh o PRARVEAARE B Y DS ob 18, WA Pk BIRE B
defined aboy Eﬁs?ﬁgﬁﬁe.imseanﬁyaﬂde@@@p&en GRrdaed v bfl?epafl‘eiltge chinpothdd of he

reagents 114 gfve conpounds ‘represented by Formul a Al ternatively)
115 caasbe thiscjveatiof rasnidstrbedeinc thet sbovE3Biwsheetsg Th ereactionapf d3awith an 3,

triethylamne and 2,2' -dipyridyl 10 disulfide. xed anhydride fqrpation to
Ul ve 116 1 e @t Bt A mDbbRd Hrink SOdIBITEYARUR oF Ol ROAHSIEARIG PRSE oos |
| 7 give the 0 . LSy QN . i faRpner
t he correspsg(éggg%gﬁk{qgga&gk%?gb8 - nasﬁpﬁy#ll negdigérné%lb‘%{he?ﬁ?éet%g%& 21 oCT
2003 WO 00/ Zetwns, oS, RldimetheEormimide. His Soihie cases, e hlddRODOfIINZEB chit 4ldd be
HS- (C(Rs) 2)~ ~H 2' 2~' d~Fyndyl disulfide , R3SH R3S-S-(C(Re) 2%~ COCH Et 3N)
THF 113 the solvent of the reaction. Treatment of 48 with an alkyl lithium reagent followed by

10  quenching with an atmosphere of dry carbon dioxide furnishes the carboxylic acids of

formula 49. These can be converted to mixed anhydrides formula 50 using a reagent

such as isobutylchloroformate in an inert solvent such as tetrahydrofuran in the
presence of a base such as N-methylmorpholine. These anhydrides can then be used
to prepare the compounds of this invention as described in the above flowsheets.

15 |



~~O0O RIO-C- O R3S-S-(C(R~~~ C O CO2R~0 + 11-1F) N- et hyi rrgfphol ine 116
THF) pyridine R3S-S- (C(R-~~ ii O 118 115 117 5 Conpounds of 1t#iTs 2vent i on
represent ed &Formﬂ as 121-123 can be prepared as showpdmusdoaezsoeet 16
wher ei ¥V R5, J') X, Z, and n are as defined 10 above. Q is alkyl of
1-6 car bon atons, al koxy of 1-6 carbon atons, hydroxy) or hydrogen.

Akyl ation of 119 with the 6-am no-[1.7] 31apht hyri di nes 120 can be

acconpl i shed by heating in an inert sol vent such as N, N-di net hyl f or mam de
usi ng a base such as potassi um car b(;l‘nlate to_give the compounds of this
invention represented by the Fornul &0¥sheeten QO is alLkoxy, the ester
group can be hydrolyzed to an acid using a base such as sodi um hydroxide in
methanol. In a sinilar manner, by dBf)dﬁ'?i ntermedi ates 124 and 125, the
conpounds of Jt+Ri-(CRpAt-EEE—Hpr esentet—by Fo(R)aNas—(CiBgla)yd—FE=—thn be
prepared, respectively. In an entirely anal ogous manneré%jhe 15
corresponding [1.5] gpd [1.8]-naphthyridines are prepared. WO 00/ 66583
21 OCT 2(1033 PC T/US00/ 10250 -50Fi owsheet 16 R5 Q J' %@9 a6u "O 3 M
121 ~~ X122 R RS/ J. v D 0124 D OR5/J R5 125 o?gsofthis

“invention refredEm-Buliby F | a red a
Fl owsheet 17—whererm G3, eﬁh%—fﬁéﬁ Sand n gﬁgﬁas defy H‘;ﬁd above. The

reaction of r2e&§knt 126 with the 6-am go [ 1. 7] - napht hyry mboholie
acconpl i shed using an excess of an or ni c base such as trie hyI am ne and
an inert solvent such as 123 tetrahydrofuran to give conpounds of this

i nvention represented by Fornul a0128 . In
(RIN—(CRe))—=—C, o
C/
47 o/’ “o-Rio
R'OH _
J'—(C(Rg)o)s—=—H RO—(C(Rg))s—=H
K2CQ3, acetone 48
43 or (0]
NaH, THF R100—4 o 46
1. THF, n-BuLi R'O—(C(Rg)o)y—==—CO,H —
2.CO; 49 N-methylmorpholine
t et //O
RO—(C(RG)Z)S _— C\
0
O// \0R1o
50

As outlined in Flowsheet 9 below wherein G2, G3, G4, R6, R10, X, Z, n,and s

5 are as defined above, alcohols 51 can be protected with a t-butyl dimethysilyl
protecting group by the reaction with the respective silyl chloride in methylene
chloride in the presence of triethylamine and 4-N,N-dimethylamino pyridine
(DMAP). The resulting protected alcohols, 52, are converted to the acetylenic
Grignard reagents which, in turn, are maintained under an atmosphere of dry carbon



WO 001 66583 -51 21 OCT 2003 PGTI US00/ 10250 an entirely anal ogous manner the
corresponding [1.5] and [1.8]-naphthyridines are prepared. Flowsheet 17 R5
~S02C1L H2N R-~ + R5 126 R5 H Rs~S.N R 02 5 128 inu ~~-x ERANOOH®R®27 i nu ~
n Wth respe o the above Flowsheets 1-17) in those casqewhawavisi, G2,
&GS, HH) ?ﬁ’“ﬂ? substituent nay contain an asymetric carbon atom the

i nternedi ates can be used as the racemate or as the individual Ror S
entantioners in which case the 10 conpoungs of this invention will be in
the racemic or Rand S optically active forns, respectively. In cases where

t he substituents may contri hute nor, an one.as tric carbon a

di ast eri omer gioxids ts&m@g&m%,oxvh%gﬁg%éﬂ %&ggxgﬁq%%@e@e%qrﬁgagwﬁgﬁ@ Bown
in the art ingclud] Pt s i ; : LA 1C yridiftel 58 giverd
chr omat ogr apm‘%égjn@%éﬂg& qyn‘gpﬁgs?glr%%gé%\mﬁ%ﬁ} ) GZBICT(%@%EE{, or ostarf?el_r 15
subst it uent s 5gOmttAé FinBY ét?ﬁbﬂ’ﬂiérseqmoﬂdhé yilglprowecting group isiremanedby geasings
may first have to be used in protected formprior to applying hefphegistry
descri bed i nwitheacithiny @ pratisvsoheent mixture toagive thy compennds pErseated by Fogmulay ¢

are not limted to, tertbutoxycarbonyl Cab (

prot ect i né g%ﬁuﬁ%.merﬁém%?‘ﬁ%q‘%p Bt@gﬁﬁ%ﬁ)ﬁgggéﬁsg%eveg &rz%kr%ctﬁgﬁ)
final produc : ' g. acid 20 such as trifluoroactic acid
while the Ia??gﬁmg?gﬁig?Fﬂgug?%%g%can be renoved by catalytic
hydrogenation. In those cases where the G) &, G3, 4, or other
substituents contain hydroxyl groups, the hydroxyl groups may first have to
be used in protected WO 00/ 66583 -52 21 O CT 2003 pGI/ U500/ 1 OZSu form
prior to applying the chem stry described in the above Fl owsheets. Suitable
protecting groups include, but are not limted to, t-butyldinethylsilyl,

t etrahydropyranyi, or benzyl protecting groups. The first two protecting
groups can be renoved fromthe final products by treatnment with an acid
such as acetic acid, hydrofluoric 5 acid) or hydrochloric acid while the

| atter protecting group can be renoved by



catal yti c hydrogenation. There are certain functional group mani pul ati ons
that are useful to prepare the conpounds of this invention that can be
applied to various internedi ate 3-cyanonaphthyridi nes as vgef lpcas2p t he
final conpounds of this invention. These 10 mani pul ations refer to the
subst i twene/e65€ , G2) G3) or G4 that are located on the FPCT/US00/10250
3cyano- napht hyri di nes shown in the above Fl owsheets. Sone of these
functional' group manipul ati ons are descri bed bel ow. Where one or nore of
d, &) &G, or Ais avitro group) it €3h-be converted to the

correspondi ng am no group by reduction using a reducing agent such as iron
in 15 acetic acid or by catal ytic hydrowsketoon. \Were one or nore of G 1,
&) &B) or A is an amino group, it can be converted to the corresponding

di al kyam no group of 2 to 12 cakBas8ioh by allrylation with at | east two
equi val ents of P&ﬁ-dpi&wsw o‘f—l—'['o&[%%a'( r b'cﬁP%(éb'ah‘QT(%Bﬂﬂﬂ'g‘—Fﬁ‘h’n
inert solvent or by rgductive al Ll (CaHslalbi ng an al dehydg of 1 to 6 carbon

atons and a reduci ng agent such FSodi um cyanoboro 20 hydri de. JWere one

or nore of A, &, G3, or 4 is a nethoxy group, it can, Pe cQnverted to the
correspondi ng hyTHEMeMgBoup by reaction with a_deng®hyl H i'ﬂ’g agemt such as
boron tri broni qg T am i nefuSEeHYen®ofCHRydieatr ndy t roiTTdm chl ori de
with or without>S@Rvent. Where one or nore of GL, ! E‘@GW@“‘!‘@ an ani no
group, it can be converted to the corrspondi ng al kyl sul f onani do%
al kenyl sul fonam do, or 25 atkynyl sul fonam do group of &, t(z’écﬁ'dn' on atons
by the reaction with an al kyi sul fonyl chbori de, z;,] Keny sul fon%gh chl ori de)
or al kynyl sul f rBuSIEHYeTOtelC(RISesFve(y, ig an 1°nd usi ng a
basi c catal yst such as triethyiam ne or Pyridi ne. WNrelqnglor Mre of A,
&R, &B) or A is an ,am no gy oup, itnézg .Qe converted Yo ™he correspondi ng
al kyam no group of 1 to 6 carbon ato B@ Wl kyl ati on 3B with one equival ent
of an alkyl halide of 1 to 6. carbon atons by heating in an |&§@t ol vent
or by reductive al kyl ation using an al dehyde of 1Pt/g 6 @Gar er)’n( 8 and a

in

i or

WO 00/ 66583 -53 THFL pwidine2003 pcr/usoon 0zso reduc ucgnes sodi um
cyanobor ohydr i de—TTapr ot-BeSiEHlales Gl et el ~or mixtures
t hereof . Where one or nore of G) &) &B) or A i © hy ¢t can be
converted to the correspondi ng al kanoy§poxy, group of 1- cd¥bon at ons by
reaction with an appropriate carboxylic acid chloride, @hydride, or m xed
anhydride 5 in a inert solvent using pyridine or a tréal &w(aﬁmx as a
catal yst. Wicre ofgicdcidfifrfvatdr G) &) G3, or G4 Hs hytrgxy) 'ht can be
converted to the Zutrespondi Ng ROKSNOMR,R)Y—EH=CUE~ 6N atons by
reacti on with an—approprtate-car boxylic acid chgori nhydri de, or m xed
anhydride in an inert solvent using pyridine or a tri am ne as a

catal yst. \Were one or nore of GlL, GZ, G3, or A4 is droxy, it can be
converted to 10 the correspondi ng al kynoyl oxy group of” 1-6 carbon atons by
reaction with an appropriate carboxylic acid chloridesg anhydri de, or m xed
anhydride in a inert sblvent using pyridine or a trialkylamne as a

catal yst. \Were one or nore of Q) GZ)Z/(@HZ)QX 4 is carboxy or a -
car boal koxy group of 2-7 carbagy atnsd it can be converted to the

correspondin d]yq% )gn;etgl O eduElNi on with an appropriate reducing
agent 15 sucsri]ll as @)f’; fe, Iit@u

D~
ohyri de) or lithium al um num hydri de
in ainert solvent; the hydr 1z gf oup) in turn, can be converted to

t he correspondi ng hal onet hyl group by reaction in an inert solvent with a
hal ogenating reagent such a$9phosphorous tribronide to give a brononethyl
group) or phosphorous pentachloride to give a chloronethyl group. The
hydr oxynet hyl group can be acyl ated vvith?ﬁél _?ppropri ate 20 acid chloride,
anhydride, or m xed anhydridegn an izét( bl'vent using pyridine or a

trial kyl am ne_as atalyst (&N Oiwe the ounds of this invention with
ﬁﬁ’l—n&ﬂaﬁﬂanﬁ oy et pyl\ gro

€,

the correspo p of 2-7 carbon atons)

al | cenoyT oxymet hyl group of 2 p/ tonms, or al kynoyl oxynet hyl group of
2-7 carbon atons. \Were one or2 nore of G) &, &, or A is a hal onethyl
group, it can be converted 6® an 95 al koxynethyl group of 2-7 carbon atons
by di spl aci ng the hal ogen atomwi th a sodi um al koxide in an inert solvent.
Where one or nore of Gl) &) G3, or A is a halonethyl group, it can be
converted to an am nonet hyl group) N-al kyl am nonet hyl group of 2-7 carbon
atons or N, N-di al kyl am nonet hyl group of 3-14 carbon atons by displ acing
the hal ogen atomw th anmonia) a primry) or secondary am ne) 30
respectively) in an inert solvent. 21 OCT 2003 WO 001 66583 PCT/ US00/ 10250
In addition to the nethods described herein above aad in the exanples

bel ow, WD 9843960 descri bes nethods that are useful for the preparation of

M o N 1 Y M . - e N B L T . g



i ntroduce the sane groups unto positions occupied by the @) &G, &) and 4
substituents of the naphthyridine conpounds of this invention.

Represent ati ve conpounds of this invention were eval uat ed2iinoGevgBal 25

st andard phar macol ogi cal test procedures that showed that the conpounds of
this | WQRPA/6683 possess significant activity as inhibitor BCHUSBVHRE} n
tyrosine I dnase and are r antiproliferative agents. Based on the activity
shown in the standard pharmacol ogi cal test procedures, the conpounds of
this invention are therefore useful as-38tineopi astic agents. The test
procedures used and results obtained are shown bel ow. 30 21 0 CT 2003 WO

00/ 66583 - 55 PCTCbiggoMnds BGhisninvértioncire afso ppépatsd'® sHowavbdlowds FRowsieept or
Ki nase (EGE-R ) usine reconbi nant enzyme Representative test conmpounds were

eval uat ed i wherein G2p(03i G4 £6, Ripi Xi €, anandpharesis slefined ploveod' is ishlaripeosi ne
resi due of -a peptide substrate gatal yzed by the enzyne i dermal growth
fact or rece‘ﬁ?‘g’ﬂ Qe O HX0e, AR S ﬁéﬁ@ﬁi@%&ﬁéﬂ?é@ov -reﬁ@)%nhaggl h’@‘hsﬁhﬂ]gﬁge
ar g- ar g- | eYishd s 5 s Al alka- aal Y. j n
Ehi's aoay it faled o 10w Serlputalutt rdlloved v diefcrihg with s SHOUE BE )
bacul ov} r usatborcdiokitie Fiaonishes tieocebaxyticedids @f tforniila 621 Thesk Gafr beldsavéerteddi ng

am no acids 645 - 1186 preceded by Met-Ala-(Hs)6 . Sf9 cells in 100, mm
pl ates wer doimixed aekydsides of Farmela 63 using reagent| such ag isobutyichlenobormate sk t ed

48 h infecti na 1% Tr i
%100 and. AlpeRSyeft SibAl: SSnaRteRch 1S RRIGRE B e Bestnoth £ 25w
i m dazol e) phigffrRryRsline! Thesé acrdg?rhﬁaéocﬁi\ﬂaww%aé& f prepareth&vbhipdirdiief PH

8.0) 300 mM NaCl). Fractions | ected were dialyzed against 10 nM HEPES)
pH 7.0) 50 thivihgedtion 1§ byythecreaetion with/the 64mined1.3hnaphthytidine 6dpdeseribadd 0. 1

mv Pef | SC. .Th i wa N i th | d. st d -70
O e foabite a8 et o Eleudery dneoRagion. of: 6% vk 4R UHEO} (pL1bot (B IS

di t hyl | i . i L] 3 QeI el -di | ut ed
i met hyl su azﬁg; g gggwg%éognndg? P%&I‘Pdce&p&ﬁé%nucﬁi%o%ﬁﬁ BRE 4 aANReYSoITeRt | Ute

to 500 uM w en - seri ted to the desire
concent r at isoch s tétrahydidfRAs druN{N-dira&fy MddmdnitEs i ldive de. cdmpounds of rthise
reaction, 10 ul, of each ingig%'%_or (at various concentrations) were added to

each wel | &1veption representnd, dn sAmE Gages, shejalgobol of bist Begmhalsp be theg

dilution i 7 f [N 0 ‘. 7 :1isS | owed
to sit for Q?lg%ﬁggg?%agﬁghdi&ésﬁ%%%%%ﬁ bgﬁph%{ 3‘#&% %%#‘%?As%\?é pg%ti de
(80 uM§g i nebmpoiRls of 4is Itvehtioh répfesdutedesy €7TisRkbeoriplishied B9 hebting in'diFinefd 12
uL . H20. The reaction was allowed to run for 90 mn at room tenperature and

V\lﬁs ;ol | onselvest ssbtasi mg"altrl]mwmn perll*wkdim&ﬁafonﬁapidm@r ug‘sng ?tﬂisétmpu'per s.
o ) D 5o ; . . er
wns measor SIS eatpoptie i 3880L T dingratitt BUFARARGR Spfe neaNiGRAR GisBRl ' 1Y

001 66583 - bf the reactivity of 65; longer reaction times and higher temperatures may be required

when s is greater than 1.



Table A 5 Pcriusoon ozso Reagent Fi nal 10~1 M HEPES (pH 7.4)12.5 nmvb0 uLl OrM

Na, V4,50 uM .20 uL1M MnC z10 rnM4AO ulLlnM ATP20 uMBO ulL~P- ATP2. 5uCi 25 uL The

inhibition data for representative conmpounds of the invegti &J% shown 10
dr

below in TABLE 1. The 1C50 is the concentration of test needed to
reduce W goksdss! anount of phosphoryl ated substrate by 5884 ddbAokso
inhibition of the test conpound was determ ned for at |east three different
concentrations and the | C50 val ue was eval uated fromthe dose response
curve. The %inhibition was evaluated witgy the following fornula: 15 k

i nhibition =100 - [CPMdrug)/CPMcontrol )] x 100 where CPMdrug) is in
units of counts per mnute and is a nber expressing the anount of

radi ol abel ed ATP (y-33p) incorporat e%ﬂﬂ&!ﬁeﬂﬁ RR- SRC pepti de substrate 20
by the enzyme after 90 mi nut esTat nlB@@m tenperature i the presence of test
conpound as nebsUPEsy ol T—scrntt lJ-atC@)ee8Rt+Chg. CPM control) is in
units of counts per nsnute antt Res a nunberszexpressiq(i'b t he anount of

radi ol abel ed ATP ('y-33p) incorporated into the RR-SRC peptide substrate by
the enzyme after 92) mnutes at room tenperat ig,e -ChiheX absence of test
conmpound as by liguid scing®ll gfjyon 25 Ico i NgHE,IgymidePM val ues
were correct ed_LQLﬁhé’yTa(Eﬁ%QF)buﬁ @oan’f:“zgr doye Lt;S/}‘BATP-i-lc;m—-it'flq-(-:‘-absence of
the enzymatic THFaction. \Were _jt wa$S possi et erm ne an | C50 val ue)
this is reporthetethymonteing 1 op%erﬁs\mmhe lolinhibition at 0.5 ItM
concentration of test conmpound is shown in TRBLES . WD 001 66583 -57 21
OCT 2003 PCTNSQCO 10250 TABLE 1: I nhi bi tj orfisof Z RXKi nase (reconbi nant

enzyne) 5 10 15 20 25 Ex I%S-,:Q ipL.tNon @0.5

| ul VI') 210. 003220. 05230. 0%%%@?) 250. 1 . 8~ 4§9/85>10943137.1

%14125. 4k570. 00858>0. 1590. 0007610. 02620. NZk631640. 00674131. 3k

I nhibition of Epithelial Cel|l Kinase PECK)g,l n this standard pharnmacol ogi cal
test procedure, a biotinyl atieglcaShdetods 30 substfrate is first inmmmobilized on
neut ravi di n-coat ed m crebHt grerpl at es. The test |drug, the Epithelial Cell

Ki nase {ECK), Mgr'", sodi um{wahatifte (a protein (h%NRSi ne phosphat ase
inhibitor), and an appropri gte buffer to maintginpH (7.2) are then added
to the inmobilized substrate-containing mcrotijter wells. ATP is then added
to initiate phosphorylation. After i bation) |the assay plates are washed
with a suitable buffer |eavigg hZnd” phosphor Wl at ed peptide which is
exposed to Iﬁ@s@;(g@gs B i E®) - conj ugat ed anti - phosphot yrosi ne
nonocl onal anti body. The ti -trieated pl ates are washed agg%nrb)gnd t he
HtP activity in individual weNS™WS quantified as a 35. Giefd™ DN of
degree of substrate phosphpryl a,i on. R:LW—S(C i adioagtNye atchas used to
identify inhibitors of ECK tyrosine ﬁ(inase i vityfiwh | Cso is the
concentration of drug that inhibits substrate phospﬁor T byy 50% The
results obtained for representative conpounds of this inggntion are |isted
in TABLE 2.




Multiple entries for a given conpound indication it was tested nultiple
times. WO 00J66583 -58 .2"1 OCT 20p3 PCTNS00/10Z50 TABLE 2: Inhibition of
Epithelial Cell Kinase (Eck) Exanple ICS, 0 (ulvn 5 10

24<.0424. 0343>2. 344>2. 166>3. 369>3. 177>2. 4 | nhi bition of &ilnlEle MBsert
Domaiyo Geedsas Ni Ns Receptor (KDR the catalvtie domain ecTIUse0/638E recept or)
15 In thi's standard pharnacol ogi cal test procedure, KDR protein is m xed)
in the presence or absence of an inhibitor conpound, with a substrate
peptide to be phosphoryl ated (a copol yrgr. of glutami c acid and tyrosine)
E:Y = 4:1) and other cofactors such as My’ "~ and sodi um vanadate (a protein
tyrosi ne phosphatase i.nhjbitqgr) in an approprj at uf fer tq. maigtain pH
(7.2). ATPIE]g gethds sia \‘7%8’?% %%E%‘P%%(%Ot"géhe Fﬁzﬁ Dathlhmglqe%gT@omﬂTP) is
then add tg.imidyi gpﬁf y QN fncubation, the radioactive
phosphat e gls?s[gbslt]gtaégmg??ﬁ t eydggflzd‘%?r?gﬁr%ﬁg&fracti on of the assay mixture
is then quantified as reflection of substrate phosphorylation. This

radi oactive format was used to identify inhibitors of t yrosi ne ki nase
activity where the 1Cso is the concentration of drug-t 2Intihi bi t s
substrate phosphoryl ation by 25 50k. As ankkexanpl e) [t he conpound of Exanple
66 inhibits KDR with J_C“fc 3-G—xg/nt! ' ed Protein

Ki nase | MAPK) Assay Tgtoeva u(gteégf nhi bi toldt?: of ]t he|MAP [(m t ogen acti vated
protein) kinase a two 30 conponent COUplQ&ﬁ ar macol ogi cal test
procedure, which neasures phosphoryl ation | t hreoni ne residue in
an appropriate sequence in the substratﬁ in thagpresence and absence of a
putative inhibitor) was used. Reconbi na P human K 1 (MAPKK) was first
used to activate reconbi nant human ERK2 (MAPK) and th@ﬁcgigxat ed MAPK ( ERK)
was incubated with substrate (MBP peptide WO 00/ §858%' 2 21 OCT 2003
PCTNS00/ 10250 or MYC peptide) in the pres and radi ol abel ed
33P ATP. The phospliRf)N-a(C( e sCT M 1 phosphocel | ul ose
filter (paper filter or enbedded in mchotit pllat e)| washed and counted by

scintillation nmethods. The peptide sub t he assay are MBP)
peptide substrate 5 (APRTPGGRR)) or synt C bstrate,

( KKFELLPTPPLSPSRR5 TFA. The ) G
9
5~(CH X
G, | N\ CN
(R')zN—(C(Re)a)s_———'_‘ﬁ\N = N>
O H G
70
H G4 Z/ (CHZ)n‘X
R'O——(C(Rs)z)s—::—%:’N | XN XN
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G5~ N7 N
71
.G 5~(CH2)X
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reconbi nant enzynes used were prepared as GST fusion proteins of human ERK
2 and human MEK 1. Inhibitor sanples were prepared as 10X stocks in 1096
DMSO and an appropriate aliquot was used to deliver either 10 ug/m for a
singl e point screening dose or 100) 10, 1) and 0.1 uMfi nél 1 @&h@@t rati on
for a dose response curve. Final 10 DVSO concentrati ons_ljy&,g dﬁ%fsot han or
equal WO WX6383The reaction was run as follows in 50 nmv |nase buf fer,
pH 7.4 id a reaction volune of 50 ul. The appropriate volune of kinase

buf fer and inhibitor sanple was added t@the tube. Appropriate dilution of
enzyne was delivered to give 2 5 ug reconbi nant MAPK (Erk ) per tube. The

i nhi bitor was incubated with MAPK 15 (Erk for 30, mn at

Recombi nantOthek catarylig acidocloddes apd aph qsy“ﬁ"(,qeﬂvéﬁ é’&cﬂ%‘k Sg@‘eo@f they
units) was added ivate.the Erk a t Then
substrate ai‘i’&‘RS’QPrﬁsl%l éé’lg IRYPALQR.Ar ﬁ/é’f%oaaeép%gd o gl ve aﬁ¥ %ﬁg%n@en?%gﬁ on of
0.5- 1 M NEPR PR 859: 508, 1 b e & e abShe. Q5 AP 4555 00D cafton. M
ATP final co tion. 'Sanpl es were incubated at 30C for 30 20 mi nutes
and the reagbhmoNTHE es@iOPREMT,bor 82|cbaﬂg>e25ydttollyzcﬂ with aduade SoclvmSAaripny er
sanples were chilled on ice for 30 nun, a&ﬂ of_.sa S trﬁnsf rred

onto P 8| piydsqtide & giveobe respestive wb@kyl&?r oS OF eif AR ded P

81 filt Fil t f
1 % acet ¢ cgbveﬁéq Foiie Tespherle, RO TS I8 el 5. 'bF B0Thy Al YRUMTE, D
air dried atalyrfe }0N-ditnetteyiftirinainidd incdidineftsolvent mereSpenuuemnxhd n the

appropri ate SCI nt | at i on counter, 'set up for reading 33P | sot ope | es
i ncl uded a gnhgdtidese79canB4 by u(mguaobmyédhl@mfyma'm@é an prgapigihase such r?é hzyme

control; a no substr rol; sa s wth diffe 0 s of
putative i rieth V (Q-H’G %ﬁﬁé ef‘BrCQHl@“Pﬂfﬁ rﬁﬁ?é@iﬁﬁ%@%@@ve
compoungds g s.f shfaced By Eie%ﬁﬁé%hﬁ%%ﬁﬂé@lﬂ%ﬁbls%lﬁ&tk&ﬁ&sﬂig 30
The ra dat ca ure

as tpm Sanpl e r.eplicates were. averaged. and
corrected f bcémeés :ewndslycdnmbewaargm@nhdattarmﬂhatcam and: @7 piespacsvglY and

Act rvat o0 m“&?ﬁ&igigé chlasdes SR o i nd che apsidpices o.ahd g a4 T 00°

inhibition b at logadl C &héasCoutlined -
corrected. contwaﬁég tﬁ}é ﬁﬁlsﬁ%?lﬁib?l ggnlﬁglc?@ggver asl

concentr at |mqbovmlm¢ tFiswskeets. t ested, | CS values (the concentration
whi ch gives 50% i nhibition) were deter n1 ned graphically fromthe dose

response curve for lo inhibition or by an appropriate conputer program The
results obtained for representative conpounds of this invention are |isted
in TABLE 3 where there may be separate entries for the same conpound; this
is an indication that the conpound was eval uated nore than one tine.
21>rpp211021>5022>10022>10023>1002310024>
10024>10025>10025¢g255026>10027>10027> 10028305035>
10037>10043>10044>1004925492557>| 0058>100 WD 00/ 66583




-61 Inhibition of Cancer Cell G owh as Measured by Cell Nunmber 21 ocT 2003
Pcriusoonouo Human tunor cell lines were plated in 96-well plates (250
plIwell) 1-6 x 104 5 10 15 cells/m) in RPM 1640 nmedi um containing 5% FBS
(Fetal Bovine Serum). Twenty four hours after plating) tpqtgeopggunds were
added at five |log concentrations (0.01100 ng/m ) or at | ower concentrations
for theW@Mos6ess3t ent conpounds. After 48 hours exposure toPEEYE00AGEIounds,
cells were fixed with trichloroacetic acid, and stained with Sul forhodam ne
B. After washing with trichloroacetic acjg. bound dye was sol ubilized in 10
mM Tris base and optical density was determ ned using a plate reader. Under
conditions of the assay the optical nsi.ty js proportional to the nunber
of cells inthe well. ICs (concentra ‘W&h%‘aigl ng 50% i nhi bition of cell
growt h) were determgged dgem the gr inhibition plets. t est
procedure is descr ?Eg_' nai etails %&6'@& lip Skehan etﬁg__ C)BQ? Nat|. Canc.
Inst., 82) giﬂi(o}ws (1990). These e‘éﬁhél.l%be shy Cl?ﬁsl)z(?s i i TABLE 4 .

| nf or mati on about Sone of the cell |ines used in theSe test procedures is
avail abl e fromth& Anerican Type Tissue Coll ection: Cel?4 Lines and

Hybri domas, 1994 Reference CGuide, 8th Edition. The Her2Neu cell line is a
3T3 line that t@@Chbeen transfected Mot hCA4t receptor kinase. Table 4:

I nbtbitlon of~tacer—Ce&ll Gowh as M ed by Cell Nunmber (ICS, ~a/nL) 20
25 30 35 40 CHGLPNRBE)A22808DP (CB&e)s~ HBs ZNcu30>5

2.7614.8261. 7714. 002>557>5 3. 918>53. 3955>5582. 4 0. 42. 9L01. 84. 159>5
0.44.1333.1>5610. 88 0.230.120. 060. 130.170. 070. 40620373 0. 106620. 4635

0. 087980. 0336503360. 2716 0. 043396349 0. 50. 40. 30. 8415764_ _. 0. .

031 0. ?40. 433. 603. 87643. Q). 2091. BB 3632. 2464. 6216547 P804 5829242567455
2.7284.633>54. 479 >3 203 3. 0Ses—5584+23442- 969 '@iéﬁﬁg OMthe results
obt ai ned f ow'~+e(0x t atRgve conpouKgBOgpdcetone s | rvent k! heReorrpounds of
this invention are antineopl astic egents which are useful.77n treating,
inhibiting the gr owt?® of , or eradi NaiiTh§ neopl asms. I n particular, the

compounds of this invention are useful in treating, th-hlig'ti ng the growth
ch, g

of , or eradi UHI)] g neopl asns t hat r e8Q.HEGFRRs fihfewiniphbiine br east
ki dney, bl adggu_mzmh, | arynx, esg;‘(a0 usz) st ona | on, ovaipy or |ung.
The conpoundghatol, HidS | NVERD-e{C al s WO - - =40, ~~0
useful in treati ng,gmi nhi bi ti ng t(ﬁgﬁs owt h of) o°rr( ic'?;?tl th'Flg%gl asnms of
the breast that express the receptor protein produced by the erbB2 (Her2)
oncogene. Additionally, tbe Bonp unds of this invention are useful in
treating or inhibitinggpolyeyIc'&i dney di sease ang, colggi ¢ pol yps. 5 The
conpounds of this invenis mayof or mul at ed neat or e conbined with one
or nore phar mpgeLd agcept abl egearri e Q)_f_% nigfration. For

exanpl e, sol vents)(cgi%?zlbjents and the like, gnd ma(;/qgges adﬁ# nistered orally in
such forms as tablets, cdfsules) dispersible powder$p granules, or

suspensi ons cont ai ni ng, l%g, exanpl e, from about 0.0540 33 @f suspending
agent, syrups contain , exanplRdNH r om about 10 to %g_ﬁk_{;fz sugar, aiid
elixirs contaiping; anpl e;—frromrabont ) % anol , and the

i ke) or par th_e—r@I(ﬁ‘é&i n e formof sterile i%R?%%gtgﬁggéol utd on or

suspensi on contai ni nggf rom about 0.05 to 5% suspendi 8§ agent in an isotonic
medi um Such pharmaceutical preparations may contain, for, exangle, from 15
about 0.05 up to about 90% of the active ingredient J nmbi nation with the
carrier, nore ususd(OM)bet ween about 5% &ad Hoy "ght >gThe ef fective
dosage of active-+ngredtent enpl oyed may y depene+rg—er the particul ar
conpound enpl oyedthanbleHzde ofRaNTT@(Bdadat i 3 and t AHFseverity of the

condi tion being treated. However) in general) sati sNAeetyimorpholing t s are

obt ai ned when 20 the conpounds of the invention are admnistered at a daily
dosage of fromabout 0.5 toQabmit KO0 ng/ kg of animal body wei ght)
optionally given in dividad seG two to four tines a day, or in sustained
rel ease form For nost |ange{manm¥ s the total daily dosage is fromabout 1
to 1000 ng, prPeNabiCRédom dtwout 2 to 500 ng. Dosage fornms suitable for

i nternal use conprise f&om about 0.5 to 1000 ng of the active conpound



25 in intimte adm xture with a solid or liquid pharmaceutically acceptable
carrier. This dosage regi nen rnay be adjusted to provide Qqeogfnjﬂ@m

t herapeutic response. For exanple, several divided doses my be

adm ni st er dwcé{?:{;y or the dose nmay be proportionally redupegussoionsh cat ed
by the 3%?5% s of the therapeutic situation. The conpounds of this
invention may be administered orally as well as by 30 intravenous,

i ntranmuscul ar, or subcutaneous routes. S8l+d carriers include starch,

| act ose) dical ci um phosphate) mcrocrystalline cellul ose) sucrose and
kaolin, while Vi Q6ihg GRS Mnethcdsdderded] & tRESENHIMEOabove un Flowsheeel §, it iscl ude
sterile water, polyethylene glycols) non-ionic, surfactants and, edi bl e oils
such as cor rpossiblentet prepdres thieangalogaus, cashoxylie agidpehprdest and gnhydrides giyed of
the active ingredi ent .and th ticul ar form of L. ShrAat ] i1 ed.

Adj uvant s cURRIeWR ﬁ%@‘ﬁﬂ?’&&@g’i tPh 80} HH &Y B‘Eeivboﬁ’%@me%gé'rgégeﬁ}girg‘gﬁﬂ'

conpositions nmay be 5 advantageously included, such as flavoring ageats,

col oring agents, preserving agen and anti oxi dants, for exanple, vitamn
E, ascorbic acid, @nd e P¥referred pharmaceutical conpositions
from the standpoin 3? st o paration and adm nistration are solid

conposi tiSons, parﬂ?cularl§3tablets and hardfilled or liquid-filled
capsules. Oral administration of the conpounds is preferred. 10 In sone
cases it may be desirable to adm nister the conpounds directly to the

ai rways in tdd £ &vthe eddieud: aer osol . The conpounds of this invention' nmay
al so be adm nistered, parenterally or intraperitoneally. Solutions or
suspensi ons of these active conpounds as a free base or pharnacol ogically
acceptabl e salt can gﬁgre,pam_ in teg suitably mxed with a 15
surfactant such as H ?oxy-pro | cel'l ul 0se. Dispersions can also be
preparedg n glycerol, liquid polyethylene glycols and m xtures thereof in

oi I's. Under ordinary conditions of storage and use, these p@ﬁgar iora1
contain a prwhereipart NE koisplesived frooy the gainasiof dist fh.c rfaRy AFF yedﬁ:fgn e

phar maceuti cgl .for suibtable .for inje I i Sherd s 20
sol utions orﬁﬁqbé’%e@i‘lﬁt:k’ %41?'& @rlﬁ"éﬁ%g{?gg?gd@edté}gwégggh%gr%@%@w&u
preparation i e%aﬂfdxyﬁc hEldeBGtiles afi® hitiydeaness, By folicviag Hieomstholis sahinarizesies,
the form nust be stefile and nust be fluid to the extent that easy
syringabi | i tip theiaboee in Flowsheetseand hp|pursuingethetdetailsodnseribeshin gie examplesct ur e
and storage and nust be preserved agai . the contam nating,action of

ni cr oor dani sﬁﬁe%%%wa@“‘l'i&fé}eicg%ﬁg&fﬁzﬁs InjGRuQMLE4n PISB‘H%QS be a sol vent
or dispersion medium containing, for exanple, water, ethanol) polyol (e.g.,
gl ycerol) propylene glycol and liquid polyethylene glycol)) suitable

m xtures thereof, and vegetable oils. For the treatnent of cancer) the
conpounds of this invention can be adm nistered in conbination with other
antitunmor substances or with radiation 30 therapy. These ot her substances
or radiation treatnments can be given at the sane or at different tines as
the conpounds of this invention. These conbi ned therapies may WO 00/ 66583
- (y 21 OCT 2(1033 Pcr/usoon ozso effect synergy and result in inproved

ef fi cacy. For exanple, the conmpounds of this invention can be used in
conmbination wth mtotic inhibitors such as taxol or vinblastine,

al kyl ati ng agents such as cisplatin or cyclophosam de, antinetabolites such
as 5-fluorouracil or hydroxyurea, DNA intercalators such as adrianycin or 5
bl eomyci n, topoi sonerase inhibitors such as etoposide or canptothecin,

ant i angi ogeni ¢ agents such as angi ostatin, and anti estrogens such as

tanoxi fen. The follow ng representative exanpl es show the preparation of

t he conpounds of this invention. 10



Earanpl e 1 4-Chl oro-but-2-vnoic acid Propargyl chloride (§ nbe éﬁg84nnnl)
was dissolved in 40 nL of tetrahydrofuran under nitrogen and co dto
-78C. A¥YO&M6&®Yi tion of n-butyllithium15 (5.4 ni, 13. 42 PRt §1S00/20230 4 1,

n- hexane) and stirring for 15 min, a streamof dry carbon di oxi de was
passed through it at -78C for two hour? The reaction solution was filtered
and neutralized with 3.5 nL of 109b su ?ﬁric acid. After evaporation of the
sol ution) the residue was extracted mt%ﬂ ether. The ether solution was
washed with saturated brine solution § dried over sodiumsulfate. After
evaporation of the 20 dry ether solution, 0 957g (609' 0) of an product was
obtained as an oil: ESMS mz .. 116. 6 Exanple 2

!
4-Di et hvl a ut-2;v id 254 Fohium i n Pexaie 2.5 M
in n- hexanegld\x%?? ZR X 5@“@’3’: d| rret hy Wpropy e é‘%ga’e mol )
in 100 nL of tetr 3ﬁ§/ ofuran nrtroge he\am xt ur € (r?rrred for 1
h at -780C, .then dry carbon IOXI e was pass through the réaction

over ni ght . The re éJ|t ng sol ution wasg,powred into wat ey arnq washed with

et hyl acetate. The ueous | ayer was 8 ed under q&. pressure 30
to give the crude |g hag dry, 3ol ved i nAget and the
i nsol ubl e salt | (/Rg% 583 65@%1% 0 PGT/ USK{B(R)Z+0 ‘Gas renoved via

filtration. The f||trate was collected and dried in vacuo to give 15.6 g of
4- di met hyl am no- bej - 2e@e)Pi-& aci d: ﬂassGspectrum (m e)R3t KB 126. Earanple 3 5
Bi s- ( 2- et hoxv- et hx=X- prej r 2- vnvl - e PRppar gyl broj:éSf(Fkaa8 g) 150
mol ) was added dRpp to a mxthse bi s ( 2-AsRadaly et am ne (20g) 150
mmwol ) and cesi um car Benagse (49 ghARsPermofy in 350 nl. ofsadWtone. The

m xture was stirred overnight under nitrogen at roomtenperature. The
inorgani c sal tsy et heg filtergd off) and the s@verds was renoved. 10 The
resi due was di ssol ved satdy rate d'@?ﬂ@& car bon solmg i on and
extracted with ethyl ce or tract Rawer, hen evaporated to
give 20 g of bis-(2 net hRxyrs thyI opng ynyl - am ne: Rgra¢CRgpPeLt rum (rol e):
MrH 172. Exanple 4 15 4-fBls-12- rret 60xv- et hvl | - ani nol - but - 2- vnoi ¢ aci d
n-Butyl lithiumin hexane (42 ni,, 2 5 Min n-hexape) s slowy added to

bi s- (2- met hoxys-@tAp)e) - PREP- 2- ynyl - '(‘3 18 g, 1 ),in 80 nL of
t et rahydr of uran uﬁ%b 1 tr@gen. The i re®was st/ B 1h at -7800)
then dry carbon di oxzde s passed tﬁ?o he rea

@6)&& The
resulting solution wasRg0 pgured iAfFEellet erPand washe yl acetate.
The aqueous | ayer was evaporated under reduced pressure to give the crude
acid. The dry acid was dissolved in nethanol, and the insoluble salt was

removed via filtrati he filtrat || ecte ried@n vacuo to
give 18 g of 4-[bis- '? - % xyet hyIFf g‘:‘tut qu(eg%&jj Fd~mass spectrum
(me):MH 214. Aaﬁtﬁé 1- Met h on- 2-vnvl - oi ngr azl ne} Propar gyl
brom de (23 8 g) s adde e to a m xture(GRaddy,

met hyl - pi perazine (20 g)° 200 mmol ) and cesium carbonate (65 g, 200 mmol ) in”
350 30 nL of acetone. The m xture was stirred overni ght under nitrogen at

room

Compounds of this invention represented by Formulas 88-95 can be prepared
as shown in Flowsheet 12 wherein G1, G2, G3, G4, R6, R10, X, Z, J', n, and s are as

5  defined above. The reaction of the carboxylic acid chlorides 85 and the 6-amino-[1.7]
naphthyridines 86 u's.ing‘an organic base in an inert solvent gives the compounds of

this invention represented by Formula 87. The reaction of 87 with an alcohol of List B

. is accomplished using sodium hydride or other non-nucleophic base such as
potassium or cesium carbonate in an inert solvent such as tetrahydrofuran, acetone, or

10  N,N-dimethylformamide to give the compounds of this invention represented by 88.
In some cases, the alcohol of List B can also be the solvent of the reaction. The

reaction of 87 with an amine of List A to give the compounds of this invention



tenperature. The inorganic salts were then filtered off, and the sol vent
was renoved. WO 00/ 66583 ~ 21 OCT 2003 PCTNS00/ 10250 The resi due was

di ssol ved in saturated sodi um bi carbonate sol ution and ext&ETe20%i t h et hyl
acet at Qyo 34166585 gani ¢ extracts were then evaporated to gi RET/PSOU/28} 1

met hyl - 4. - prop- 2-ynyl - pi perazi ne: mass spectrum (me): MH 139. 5 Exanple 6
4-f 4- Met hyl - ni nerazin-1-vl)-but-2-vnoic acid n-Butyl lithiumin hexane
(17.2 nmL, 2.5 Min n-hexane) was sl ow¢3added to '

1- met hyl - 4- prop- 2-ynyl - pi perazine (6.0 g) 43.5 mvl) in 40 nL of

tetrahydro d j t: ey MyX | fdegtd sbRfentl siichafas - 780C,
then dry c‘g# ré'img?ogd? fgoﬁgmggggegdm?ht#uégﬁn hg ?ﬁéagéi on overnight. The
resul ting eeabydrofurmpser NNrdimethylformamide. drtwe venspesatursi and slumtionaoétthee. The
aqueous | ayer was _~ evaporated ' under rf]e%gc dnd%r essure é-gﬁglbﬁ\-/"@ he crude
acid. The gfvapnscwdl Wapend; ans dhe, dgactiyityeph o 93] 10BESH TERRMOR, ERlE T was
renoved vig filtration., T | e I d hedvivi to
give 7 g o%%m‘yﬁ‘éml bepl:bggi;rgéﬁl&%ﬂ%iéﬁé% 2@%2{ (I:ﬂ?l ggﬁ?hhggs&%ggggr@um 15
(me):MH %ﬁ&md.Eﬂﬁr&!r&xiué adid \dhlldiirtey -a6H Miixed raahdridep lised2invinist Cacambe
Propargyl brom de (26.8 g) 225 mmol) was_added dropwi se tqQ a m xtyre of N
20 ( 2- met hosegdb Ipyépareethi whalegauscompouads obthisvinyentionn BY applying the m§ (73
g, 225 mmol) in 350 niL acetone. ,.The.,mxt U tég I eL under
ni trogen af“&%%ﬁﬁ@&%h@ﬁ?f@%%ﬁggﬁléna&éﬁ}fg%ﬁm}é’?eéq hagﬂ ? |XI .{ngk; gﬁ& of f)
and the so 198 4an \Me préfas&d! ved in saturated sodi um
bi car bonat é&ﬁpﬂﬁ%tﬁﬂ?@g‘??ﬁgﬁégmﬁ et h?/)l dpacet ate. The organic extracts
were then evaporated to give 14 g of 25 '

(2- met hoxy- et hyl ) - net hyl - prop-2-ynyl - agi ne.,nmass spectrum (me): MH 127. -
Exanpl 10 8 4-f ( 2- Met hoxy- et hyI)-netﬁ{’?‘-’@rﬁeﬁy-but-Z-ynoi ¢ acid n-Butyl
lithiumin hexane (37.8 nL) 2.5 Min n-hexane) was slowy added to 30

(Z- met hoxy- et hyl ) - net hyl - prop- 2- ynyl an'zﬁ@“("l’ .0 g, 94.5 mol) in 90 nL of
t et r ahydr of uran underRsni E@@gen. e renwas stirred for 1 hr at -780C,

then dry 21 OCT 2(~ 00/66583 [} 61 P NSO 0¥-h-¢isagrgpyiethylamine
J—(CRe)ls  Pa NZ T
8s s 88
. ~(CHg)yrX
J—(ClRes A\ N A -CN
Ra (o] PJ 2 N/
Gg
87
KoCO4, acetone
Fron NaH, THF (RI2NH
Toow G 7~ (CrahX Rs G, z-(CHX
HO'—(C(HGM’YHTNJ NN (R')ZN—(C(F\Q)Z),W“ N CN
& _

Gs



carbon di oxi de was passed through the reaction overnight. The resulting

sol ution was poured into water and washed with ethyl acetate. The aqueous

| ayer was evaporat ed under reduced pressure to give the Céude aC|d The dry
acid was dissolved in nethanol; and the insoluble salt Vi a
fiItrah&g&‘légg filtrate was col lected 5 and dried in vaqquggwgbﬁ@ 15 g of
4-[( 2- BQ -et hyl ) -nmet hyl - am no] - but-2-ynoi c acid: mass spectrum (nfe):
M H 170. Eacanple 9 Allvl-nethyl-nroo-2-vnyl-amne 10 Propargyl brom de
(33.4g, 281mmpl) was added dropw se to aggi.xture of isopropyl-nethyl- am ne
(20g) 281 mmol) acid cesium carbonate' (90g, 281 mmolr in 350nL of acttone.
The m xture was stirre overnlghpggggei nitrogen at roomtenperature. The

inorganic s t and the sol wgnt wag, rgn&tad The
resi due was ‘%ﬁ é%ﬁ"sfg SHdi ur.H-earbanate bl ‘i oh apg
extracted 15 with et

. Jhe organic extraltsfjwe |e\ el evapor at ed
to give 4.6g of allyl met®gl-brob-2-ynyl-anmine: nefys Y me): MH
110. Exanple 10 4-(Allvl-nethyl -am no)-but-2-vnoic aC|d220 n-Butyl lithium
in hexane ( 16.4 nL, 2.5 Min_ n-hexane) was slowy addgd to
al |yl -net hyl -prop-2-ynyl -ani % (4.5 g, 46 mml) in 50 nL of tetrahydrofuran
under nitrogen. The m xture was stirred for 1 hr at -780C) then dry carbon
di oxi de was passed thrgugh the rfd@"ﬂﬂn@h overnight. The resulti q q(l ution
was pour ed ind-oomRL _And frvaghed wigh et hg acet ate“sTma aqu ayer was
evapor at ed under redufedl 25)pr¥ssyre to @kVe(GiRaeh ry acid
was dissolved in net fand, ~insoluble salt gasgre
filtration. The filtrate vvas ollected and dried in v
4-(al Iyl - met hyl - am no) - but - 2- 37noi c acid: mass spectrum (
oCT 2003 WD 0b/ 66583 PCTI USOg4 10250 - 68 Ezanple 11 93
4- Met hoxvnet hoxv- but - 2-ynoi ¢ acid To a suspension of 8.2 g of 60% sodi um
hydride in mneral oil in 271 nL of tetrahydrofuran at 0oC with stirring
under nitrogen was added dropwi se 10 g of 5 propargyl alcohol over 15 mn.
The mixture was stirred an addi t3dRf&da>80 min. To the stirred ni/(é[.%[,@ at 0C
was added 15.8 g of chlorguethyl qeté&yl ether. Stirring was cofitinlied at

o Nive 4.1 g of
): MH152. 21

room t enperature over ht xture was filter fNent was
renmoved fro Felee i due ysN-dictHgLld € mm gi vi ng
8.5g o of aliquid. T stll ate was di ssolved |2 f ¥ther. The
solution was stirred 10 under "nitrogen and cool edRe0o© 780Cms 34.1 nlL of
2.5 nolar n-butyl lithiuminghcxanes was added over 1%min. Stirring was

continued for another 1.5 hr. Dry carbon di oxi de was passed over the
surface of the stirring reaction mxture as it warnmed from-78 oC to room

temperature. The il XbIGRAEE 98 Wil %%'&Bgﬁj e %@i@oﬁe n%&?&l%?{%‘l‘@ﬁ:@ Gls over

ni ght. The m xture was poured into ydrochl oric

acid and 24 cohtaink amhmurailaaieca@b@ﬁﬂimgbﬁmnd v complisheddry refldxilgiie dn imertr
magnesi um sul fate. The sol vent was renoved and the residue was maj ntai ned

at 100 o asobvemrandqgives the [Ll-nephthyridines esmpoupds gk hisHBYSRtAR Whery Bsi ¢
d. Ex | 20. 4- B {
B aun, - aopR b a i e i Countdy Mg ah 1 rsBlackl S apf” 2
mol es) of ”Biﬂ%)"phﬂnﬂddéﬁ@czﬁly%&éﬁ&ﬁld #nidR u¥ingOtheCipprdistiate ion exchange resin.
The corresponding [1.8]-naphthyridines and [1.5]-naphthyridines can be prepared in

an analogous manner.

10



and 93 nL of water was cooled to -11 C. The reaction was stirred
vigorously, and 15.77 g (0.05 noles) of finely powdered bzgzi u&f})ﬁ&éoxi de
was added portionw se 25 over a period of about an hour. di o d

Vi gor ousvcsdoresss3ng were conti nued for about 16 hours. The FeEmu$doan2s0i Xt ure
was then extracted with 100 nL of ether. The aqueous |layer was treated with
2.67 mL (4.91 g; 0.05 noles) of concentrated sulfuric acid. The resulting
m xture was extracted with three 100 m-4%+tions of ether. The conbi ned

et hereal extracts were washed with 50 nmL of brine, then dried over sodium
30 sulfate. The solution was taken toyan oil jn va xThis oil was taken
up i n about 21 o CT 2003 W 65 - 69 PEFNSHO11 0 400 niL of boiling
hept ane, | eaving a gum . JThe $ i arated and boil ed
down to about 50 nmi. Cooling gave 3346 . Exanple 13 5

4- ( 2- Met hoxy- et hoxv) - but - 2-vnoi ¢ acidl pex€ion of 6.04 g (151 mmol)
of 60k sodium hydride in 200 nil of tegsrahydrgfuran at 0C was add 10 g
(131.4 mol) of 2-met hoxyet hanol dropwi se ovef 15 nin. After 1 hr) 19.54 g
( 131.4 tnnol) of 80% propargyl brom de was; added dropw se. After stirring

17 hr at roomtenperature, the mxture was filtered and the 10 sol vent was
renmoved. The residue was distilled £48-51 0, 4mm) to give 11.4 g of a
colorless liquid. 'This was dissol\Jed iff 250" im of ether 'and cooled to
-78C with stirring under nitrogen. s [sol ution was added 39.95 ni
(99.9 Mol ) of 2.5 Mnbutyl lithiumsolution in hexanes dropw se over 15

mn. After 1.5 hr, dry carbon dioxi ddi&las bbled in as the m xture slowy
war med to room tenperat ur The 15 m xture was naintained in a carbon

di oxi de at nosphere overpi ght\ To the m xture was added 100 nml of 3N
hydrochl oric acid and slolid ged um chl g4 de. The o gtHdn-X ayer was
separated and dried ove 'H'es(bmzﬁulf teHTh ' was renoved and the
resi due was nmi ntai ned under vacuum gy¥i title conpound. :
mass spectrum (el ectrospray, nle, negajie e)) 156. 8. 20 Exanple 14
4- ( Met hoxvnet hoxv) -but-2-ynoic acid To a suspelsiod of 8.2 g (205 mml) of
60% sodi um hydride in 271 ml of tetrahyrof uragswas added dropwi se at 0 C
with stirring 10.0 g (178.4 nmol) of 25 propargyl alcohol . After 30 mn)
15.8 g ( 196.2 mmol ) of chloronethyl nethyl ether was added. After stirring

over the weekend ture. . 1 xture was fi.ltered and the

sol vent was rerm%@e ﬁ’ﬁ@@r‘%’g’%ﬁé&v@sﬁﬁﬁilé{']%qwgacaf’ﬁ-%p%fd&Fn?'}“ﬁ{n(? F‘Wam& 54 ¢
of a col or | Fiewshdet|1B whefih ©3)4y, Rigs RIDYXU Z, 7', A0 Qnd'k 28 a8 HEBRePAHSVEPAET t O
78 Cwith stirring under nitrogen. To this solution was added 34.1 nil (85.3

mol ) of5 -30acityleni¢ alcbhdly 98 kar be conpled 1ot the thalides) eueapiatest bO PosyRtes@gaisingd M n.
After 1.5 hr) dry carbon, di oxi de was bubbled in as the m xture_slowy
war med to rbdAi& é‘iﬁ%e?saﬁ‘aﬂﬂ%m hydside ynTan dpert \Aol 0y 6868 Rspetmiyspfiwas jThe7 0 The

m xture wa j LN c Loxi.de.at nns .overni ght he
m xture wazregé?égﬁ;%adfg&%‘fk’ofl G?fygg; ?J%TEPI glrelgeédag?% ?ﬁ %@‘ﬁﬁ%r’?‘(’]ﬁm% al?lﬁ ni c
| ayer was demperatuzel Maihtaifiing the veactioh s winatnbiptete of Rarboal diexitle \Wen
renoved and  the residue was naintai ned under vacuum giving 10.4 g of the
title conpdi¥Rs We carhoxylic acids 101. These, in turn, are reacted with the 6-amino-[1.7]-
10 naphthyridines, 102, via the mixed anhydrides to give the compounds of this
invention represented by Formula 103. Alternatively, the intermediates 106 can be
prepared starting with an alcohol 104 by first treating it with a base such as sodium

hydride in an inert solvent such as tetrahydrofuran and then adding an acetylene 105

that has an appropriate leaving group. In a similar manner, the amino alcohols
1¥ represented by the formula: (Rg)2N— (C(Re¢)2)r—OH by reacting with 105 can be
converted to the compounds of this invention represented by the formula 107. In an

entirely analogous manner the corresponding [1.5] and [1.8]-naphthyridines are
prepared.



Exampl e 15 ((2S)-2- net hoxynet hyl uvrrol i
n-Butyllithiumsolution in hexane (35.9
solutjon of 5 49 g (35.9 nmnol) of

(29) 4 met hyl - 1- prop- 2-ynyl pyrro
under N2. After stirring cold for 1 hr,
as it slowy cane to 25C. After' stirri

added, the reaction was extracted with
di scarded. The reaction was adjusted to

removed. The residue was sl uzried wlowsheétli3nol
was evaporated and dried 15 in vacuo to give 7.10§HF9

4- ((29) - 2- met hoxynet hyl pyr HOH-@(Rg))—EF-BHt ynoi c-act

spectrum (el ectrospray) me): MH 198.0
(2S) - 2- Met hoxvnet hvi - 1- ~r ou- 2-vn? ovrro
nmmol ) of S-2-(methoxynet hyl ) pyrrolidine
carbonate and 5.00 g (41.9 rg_{ral) )] g

was stirred at 25C overni ght. Tr{(e:@%)é)gc
removed fromthe filtrate.
wat er and saturated NaHCO3 and extracte

@

The resi due °\R/as dilute

di n-1-yl ~, butvnoic Acid
mmol ) was added @uepeiOpin to a

lidine in 10 100P0T/USHV/ R0 ot - 78C

C02 was bubbled into the solution
overni ght, 100 nL of water was
yl acetate and the extracts were
pH 7 with 20% H2S04 and sol vent was
and filtered. The filtrate

Haq'Lc a_braown foam nass
. ExanplZ B&—(C(Rg)o)—'

lidine 20 A rgoxture of 4.82 g (41.9
) 13.7 g (41.9 mmol ) of cesium
@5% bLQdeé}THﬁ.rmLInL of acetone
(PR 1l tepgsh,and sol vent was

d with™a snall amount of
d with ether® The extract -was

treated with 25 activated cﬁ&??dﬁqnﬁ)ﬂm%@(%)wﬁp'&at ed to give 5.93 g of
(2S) - 2- net hoxynet hyl - 1prop- 2-ynyl pyrrol j digg¢e as a yeHl ow orange oil: nass

spectrum (el ectrospray,
OCT 2003 PGINS00/ 1026@®; . 4- Di oxa- 8-
Acid n-Butyllithiumi r%heéﬂﬁ'e &35 8 nmo
of 10.1 g (55.8 mml) or 3L FoP Ui oxa-
| 85 nL of 5 THF at -78C under

bubbl ed into the solution a§4itsl oW y
overni ght, the reactfort i Wi t
ethyl acetate and the extnact relodi g

pH 6 with 2 Msul furic aci dyan® evapor g
met hanol and filtered. The Ggltrate wag

give 4.5 g of 4-( 1,4- drepm8neéld@spi rof

me): MH 153. 8

WD 001 66583 -71 Exanple 17 21
asni rof 4, 51dec- 8-vl ) but - 2-ynoi c
| ) was added dropwi se to a solution
8- azaspi ro[ 4, 5] dec-8-yl)but-2-yne in

Nicufi-ker stirring at -78C for 1 h) COz was

came to 25C . After stirring

h 150 nL of water , extracted with
carded. The solution was adjusted to
ted. The residue was slurried with
evaporated and dried in 10 vacuo to
4,5]dec-8-yl)but-2-ynoic acid as a

brown anor phous sol i d: Neetyspeelireum el
Exanpl e 18 3-tL4-Di oxa-8-azasairof4, 51~

10.0 g (69.9 nmmol) of IRD—E{OWRHS-0XHCBEL) |
of cesium carbonate aad 8.32 g (69.9 mMmuol) of pro

of acetone was stirred overnight at 25
filtrate was evaporated to dryness. A's
NaHCO03 was added to the residue and it
et hereal extracts were 20 treated with

ect cospr ay, € )Lyr( ' 225. 8.

dec- 8- vl 4put 72-\fne 15 A ni xture of
Fﬁ 89 (69.9 muol)

| bromde in 165 nL

The reactjonMwas filtered and the

rrg?l amount @ water and saturated

was extracted with ether. The

activated charcoal, dried and

Olx HHE NaH

evaporated to give 1Q.8 f 3-(.1,4-di
itoBogron,

azaspiro[ 4, 5] dec-8-y S a ye
(el ectrospray, me): MH %ﬁl.s. Exanpl e

Iil_g\y_g_r(@(ﬁgsr_qé;ﬂrmss spectrum
105

ReO—(C(Ra)2)—O0—(C(Rg)r—==—H

106

(Rg)2N—(C(Rg)2)r—O—(C(Re)2).

r

107

(CHa)n-X
H T4 -
ﬁ;,N ‘ X CN
O N_~ N/



25 2-t2-Chl oro-5-nitro-nvridine-3-carbonyl)-3-di net hyl am no-acrvlonitrile A
solution of 10.6 g (52.5 mmol) of 3-carboxy-2-chloro-5-vitro pyridine (J.
Med. Chem 1895) 1992) and 8.86 g (69.8 mml) of oxalyl CQHCH&P%aEﬁS
stirred in 200 mM of nethylene chloride. About 0.2 nml of

N, N- di nwiohgoleesgzsman de was added and the mi xture was stir PEAUSHNIBSE hr.
Solvent is renoved and the resulting acid chloride 30 was used w t hout
additional purification. The acid chloride was dissolved in 163 nil of

met hyl ene chloride containing 5.55 g (554 mol) of

3-di et hyl am neacrylonitrile WO 001 66583 -72 21 oCT 2003 PCT/ US00/ 10250

and 7.46 g (57.7 I Il I l t §{ N ef | uxed
under nitrogen fomé:)% ° Rﬁi?ﬁ?ﬂé&&‘gx 8?1@%}&0‘1 V\?EFO%HAO#% %ﬁ&%

washed with pre;:atedratst@wmowqum Rdwsheeti Mnwhéreir G526, Rd,a1dA défitied abave'
was dried over magnesium sul fate and place on a colum of silica gel. The
product was ehdithecamines) HN(B")e andselexteddrom thecgrioup:of or m and et her. Sol vent
was renoved and the residue was treated with a m xture of ethyl
acetate-hexane 1:1 at which tinme the mxture crystallized. The solid was
collected giving 8.9 g of t |tIe co nd as an or e solid: . nmass
spectrun1(chenical i oni zaty ﬁLRéI)E%?

6-Ni tro-4-oxo-1, 4-di hvdr o- f\l_&&rlanhthvrydlne 3! b¢gltrlle A sol ution of
22.4 ¢ (fb 8 nnnl) of

2-(2-chl oro-5-nitro-pyridine-3-carbonyl ) 3-di net hyl am no-acrylonitrile was
refluxed in a mxture of 500 nml of ethanol and 180 ml of conc. anmoni um
hydroxi de for 2 hRefluxiagfi0ftandd09in; asolyerisughas sbanel gives theintesmediatestiOvhi ch

hed h trat il d £rgp whi ch
ws cor I ect chibhaiCteact PR Bibloe i BPnk bl IO RIR Be SoRPRId AR, ©
19.3 g of thﬁxv&aﬁdnere“pimwadbmrﬁmaauze@hm ngleﬁtrtTip §19|ek9css r3¥5§ sécﬁﬁﬁlt rum

(electrospray, me): "MH 215 (negative node).
4- Chl or d06- valko:ude i1 ag imextisalvont iod iaselventdirorh ovhick theealkbmde(iSLdeaved gn@s Exeg

20,5, e i L S S
acetae and %%ng‘aiﬁ?‘urﬁ?@i??@‘;. i iy m oo w0 el 2

| ayer was separated and the aqueous | ayer was extract several nore tines
with ethyl acetate. The conbi ned vol une of extracts was 4000 ml. The
extracts were dried of nagnesiumsulfate and the solution was filter

t hrough a short silica gel colum. The solvent was renoved. The residue was
stirred 'with ether and the solid was collected 30 giving 15.7 g of the
rifle conmpound as an orange solid: mass spectrum (el ectrospray, nie): MH
235. WO 00/ 66583 -73 Exanple 21 21 OCT 2003 PCTNS00/ 10250

4- ( 3- Brono- n~envl am no)-6-vitro-f 1.8lnauhthyridi ne-3-carbonitrile A

m xture of 7.5 g (32 muol) of 4-chloro-6-vitro-[1.8] naphthyridine-3 5
carbonitrile and S.5 g (32 mvl) of 3-brono-aniline in 175 nl of

i sopropanol was stirred at reflex for 2 hr. and 45 mn. The m xture was
cooled , solid was collected, and washed with ether giving 12.9 g of the
title conpound as the yell ow hydrochl oride salt: mass spectrum

(el ectrospray, me): MtH 370, 373.




10 Exanpl e 22 6- Am no- 4- ( 3- brono- ohenvl am nol - f

| . SI naoht hvri di ne-3-carbonitrile A mxture of 11.2 g (30.3 muol ) of

4- (.3- br omo- phenyl ami no}-6-vitro [1.8] napht hyri di ne-3-carbenl QETI 2803 5.1 ¢
(90. 8 nwig) 9go/66883powder ed iron, and 8.1 g (151 nmol) of anmBET/URARH | de was
mechanically stirred at reflex in a mxture of 330 15 nl water and 560 ml
nmet hanol for 40 mn. The liquid | ayer was decanted fromthe solids and
diluted with ethyl acetate) saturated sodgum bi carbonate) and brine. This

m xture was extract nultiple tines with ethyl acetate (final vol unme 3500

m ). The conbi ned extracts were drieﬂhﬁhﬁgepﬁgnesiun1su|fate and filter

t hrough a short columm of silica gel. e solvent was renoved and the
residue was stirred with ether. 20 The solid was collected and dried give
8.04 g of the title compound as an orange solid: SS _spectrum

(el ectrospray, me): MtH 340, 342.1. Exanpl@ 2z EfgaX
-(3-Bronn-nhenv|anino)-6-cmqno-0Eﬂ.81mgNht rigdin-gyv17- acrvlamde 25 To a
solution of 1.4 g (4.12 mo | f 6-am no- ~byno- pPera®@Ham no) [

1. 8] napht hyri di ne- 3- carboni j+{ e and 1. 6N wol ) ol

N- net hyl - mor photine in a nmPxtur@Etof 6 m of N,N—dinethylfornanide and 35 ml
of tetrahydrofuran was added w4 h stirringGat 018 a solution of 0.52 g
(5.76 mol ) of acryloyl chloride in 10 mlL of tetrahydrofuran over 10

sodi um bi carbonate was added. Sol ig wadb cG d and washed wth water.
After air drying) the solid was e A AR mL of boiling
t etrahydrofuran. The WO 00166 74 003 PCT/ US00/ 10250

tetrahydrofuran was renoved and t resi oy &S purified on a silica gel
columm eluting with ethyl acetate-Tethanog, m xtures giving 0.29 g of the
title conpound as a yellow solid: nass spe%t ri#h (el ectrospray, me): MH
394, 396. 5 Exanple 24 But-2tvnoic acid 15-(3-brono-yhenvl am no)-6-cvano-f
1. 81naoht hvri di n-.3-v111%hr'ﬂe11€c“s%o| ution of omgL[( RROHDr THI| ) Of
tetrolic acid and 1.8 g ( 17196 mmol ) of N-nethyl nogpholine in 18 mlL of
tetrahydrofuran was stirred at 0 Cas 1.35 g (9.9 10 nmol) of isobutyl
chl orof ormate was s¢ow ﬁwg(tiedz/@'hbﬁ 15 min, ¢ hi sHm' xgr ez Wedadded to a

: I

ygm

solution of 1.3 g (
6- am no- 4- ( 3- br ono-

PPe and 5 ng

) _Cgﬁ napht hyri g
of 4-N,N—dimethypan1 0- PYNL eJan 10n pypldl e. il Xxtre was stirred
a room t enper at ur @ N" The tetrahydrgburan was M™erpoved) dil uted
sodi um bi carbonate was addéi, and the solid 15 was col@gcted via
filtration. The solid wasqpjr dried and chromat ographggaon silica gel
eluting with ethyl acetate-nethanol m xtures giving 0.46 g of the title
conpound as a tan powder. mass spectrum (el ectrospray, me): MH 408.1)
406. 0. II::ﬁ<arrpl e 25 20 4-%%- Chl oro-4-fl uor O-Fhenvl am nol -6-nitro-f

1. 81napht hvri di nEOTROYPELA Wi inkentipn gepresentedebyrFormulact18sambs preparedass g (

10. 66 nmol) 4 C 2 8-\ 1. | 4 ne-3-garbonjtrile .55 ¢
(10, 66 ! $1oor 5 ElcfisBed i ihdeid G, PR Rephtd 81D o6 Zihw gt e 5 e,
title conpoabyde. i j e : Lrum
(el ectrospray, emﬁg%/?édﬁﬁﬂh %gl}ﬂélil?e%?déa?%%%%@sqiﬁa@%% regfeﬁﬁ fﬂe& ve

6- Ani no- 4- (heehinpounds fepresented by Fotnzuta 105.- Altdrdhteglp 118 cati beprparedifestat ril e
By using tht% mthod-or@?%eéﬁm 3.2 g (8.4 mol) of | e _

4- (3- chi or o8- IPSTGRRIER gdhe Blcmapﬁooaqxd.lépnsmj:mmm dad 2. Z4kipyridlri | e
o oot ° bl Frited dntdalle Romadtn o' give 118 Toiowen B5 conaérsasds wih the
6-amino-[1.7]-naphthyridines 117 give the compounds of this invention. In an entirely
analogous manner the corresponding [1.5] and [1.8]-naphthyridines are prepared.

-



2 1 OCT 2pp, 3 PCT/US00/ 10250 But-2-vnoic acid f

5-~3-chl oro- 4-fl uor o- ohenvl am no) - 6- cyano-f 1. 81 nanht hvr pqi eyl - am de
By using the nethod of Exanple 24, 0.8 g (2.55 mml) of 6-amno-4-(3 5

chl oro- 4-3“@9@0- phenyl am no) - [ 1. 8] napht hyri di ne- 3- car bort@T/USS/ 10269

conver Y0¥ .5 g of the title conpound as a brown solid: mass spectrum
(electrospray) me): MtH 380.1. Ezanple 28 10

N- f 5- ( 3- Bronp- nhenvl am no) - 6- cvano-f 1. &lnaoht hvridin-3-v11-2
chloro-aretanmide ' To a solution of 0.74 g (2.2 mol) of

6- am no- 4- ( 3- br ono- phenyl am no) [ 1. naght ridine-3-carbonitrile and 0.7 g
(5.44 mol) of disopropyl et hyl ani nE&O%§ A of N et hyi pyrrol i done was
added with stirring at 0 C a solution of 0.29 g (2.6 15 nmol) of

chl oroacetyl chloride in 5 nl of tetrahydrofuran over S mn. After 1 hr at
O Cthe mxture was warned to roomt erature. The m xture was poured into
saturated sodi um bi carbonate. SoM#% %@ ol | ected and air dried. The solid
was purified by chromatography on silica gel eluting with ethyl

acet ate-nmet hanol m xtures giving 0. 714 of the title conpound as a tan
solid: mass spectrum (el ectru:,Pr ay, me)yT 20 WH 416.1 ) 418.1. Exanple 29

4- Bronp- 2- but enovl chloride T ti.@i?@ﬁ({gl Rtdgpn of 123.9 é; (522 _mol)

tri met hyl si H§t=(EReDTRPOB5 b ﬁgtﬂ‘ vt healr s 74RsSt883(CHeld 7909y
(50.3 m) 676 mml) of oxalyl toride was added 7 drops of JRVF. There is a
very rapid gas evollt®ion. The mixture is stirred a total of 4 hrs. The
solvent is renoved. The product was distilled at 0.4rom. Th Cfrqfti on
distilling at 60-6200 is collected giving 79.8 g of the&ti @™ %’&hpound as a
pal e yel |l ow | ::é] 1dy/ 30 2 1 OCT 20D8 WO 001 6658, C?NIOOAL0 -76
Exanpl'e 30 4- D't hyg am no-but-Z-%r;lc_)'cua i% N P

f 5- ( 3- br ono-otrervtam oy BeEHARIC Zg'l" Eg%_t Progin- 3-N e To a
suspension oMf2.5 g (7. 35 mmol) of 46gam no-4-(3- brono- yl am no) 5 |

1. 8] napht hy rN-metwimamlip®oni trile and 0.95 g (7.35 nmol )@of di sopropyl et hyl
amne in 40 m tetrahydrofuran at 0 C, with stirring) wsy added 1.42 g
(7.72 mmol ) of 4 brono-2-butenoyl chloride followed by 5 m of N nethyl
pyrrolidone. After 1 hr) 55 m of 2M dinethylam ne in t%L,r(em,(;lxofuran was
added. After 30 min, the solvents werc renpved. qheefﬁx re was mxed with
ethyl acetate and™aPid8ed sodi _(Jeso_gi[(@ér bonat Nc |ayer was
dried over magne3tum sultate and'!‘l he s ﬂ't s rienovied. | The product was
purified by chroni atography on silica gel elutfng ' 7 th et hyl
acetate-nethanol 9:1 to renove |l ess polar inpuritiegand then with acetate
met hanol -triethyl am ne 40:10:1 to elute 0.49 g of the product which was
obtai ned as and orange powder. nmass spectrum (el g rospray, me): MH

450. 9, 453.0; (M+2H)+Z 15 226.7, 225.8.

O

5 Compounds of this invention represented by Formulas 121-123 can be
prepared as shown in Flowsheet 16 wherein G3, G4, Rs, J', X, Z, and n are as defined
above. Q' is alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, or
hydrogen. Akylation of 119 with the 6-amino-[1.7]-naphthyridines 120 can be
accomplished by heating in an inert solvent such as N,N-dimethylformamide using a

10  base such as potassium carbonate to give the compounds of this invention represented
by the Formula 121. When Q' is alkoxy, the ester group can be hydrolyzed to an acid
- using a base such as sodium hydroxide in methanol. In a similar manner, by using
intermediates 124 and 125, the compounds of this invention represented by Formulas
122 and 123 can be prepared, respectively. In an entirely analogous manner the

15 corresponding [1.5) and [1.8]-naphthyridines are prepared.



Exanpl e 31 2- Et hoxy-5-nitronyridine To anhydrous ethanol (250 ml) were
added sodium (2.25g, 97.8 mmol ) then 20 2-chloro-5-nitropyridine ( 15g,
9.46 mmol) under argon. The resulting mxture was heated at1 0€F 1208 for 10
hrs. Akictoessgl i ng slightly, the mxture was filtered topcenseecsdi ssol ved
particles. The filtrate was condensed by rotary evaporation. The residue
was triturated with abs ethanol (50 nml). The solid was collected by
filtration and dried giving 13.5 g of tRkg.product: np 90-92C. mass spectrum
25 (el ectrospray) me): 169 (M+ H; IRcm1 : 1600, 1508, 1378, 1290)
1118, 1027; H NMR 8 (CDC13) : 1.431 43H, t %§H3), 4.512 (2H) q, CH2), 6.800
( 1H d, C3-H), 8.337 ( 1 H, dd, c4-$6",'$'§.eb (‘1 H d CSH. See:
Friedman et. al.) J. Aner. Che. Soc., 69) 1947) 1204. WO 00/ 66583 - 77
Exanpl e 32 21 OCT 20D3 PC T/ US00/ 1025@, z-(CHahX

2- Cvano- 3- (6- et hoxv-8yri di n-3- vl gng noll- ack yl sy aci d ethyl ester
Hydr ogenati on ofQR- 0 -5.-nitroi)y i e 6. 2Kg§¥086.9 mmol) with 10% Pd/ C
(500 nmg) in abs Me 504T1)+at at mespheryc ;')r_ﬁu'r’e gave 2-et hoxyb
5-ani nopyri di ne i nOan Baantitative yi &l d.NThe pﬁ@duct was pure (TLC, NWR),
therefore was used foyed he next step th?q)ut further purification.

2- Et hoxy- 5am nopyri di ne was heat ed at rdfd ex with

et hyl (et hoxynet hyl ene) cyanoacetate (12 g, 2 nole eq.) in toluene for 10
hrs. The reaction nixtur egwasgcool edg, ang-®HanXesul ting solid was

col | ected, which was purejfon t VR Igass 10 spectrum {el ect nspray,
me): 262.0 (M+ H); ?( 72, 1628) 1610; HNWR b
(CbAd 3) : 1.235 (3H, ~Jt, CH3), 4.166 (2H, q, CH2),
4.274 (2H, g, CH2)) 6.815 (1 : HN7.760 and 7.880 (1H, d,d, cis and
traps olefin H)) 8.228 (1H s, C2-H)G38.276 (1H dd, C4-H)) 10.50 (1H, bs,
NH). 15 Exanpl e 33 6- Et hoxv-4-hydroxyl -f 1.51napht hvt~i di ne-3-carbonitrile
A sanpl e of 2-cyano- 3-(6-ethoxy-pyr1din-3-ylanino)-acrylic acid ethyl ester
was heated at 257 - 259C (internal tenperature) in Dowthermfor 10-12 hrs
under nitrogen. After cooling, the reaction m xture was poured into

n- hexane. The 20 bl ack solid V\?S(@%J.ﬁct ed, Qreated Wik and
CH2C12 m xture ( 1: e tffe conpound (or fautpne s collected and
dried. mass sp Nnfe): Rais 1 : 3063,
2226; H 1VMR 8 ( 1]355{(3H, t, CH3L), 4.4 CH2)) 7.24.4
( 1 H d C7-Hg-7n NZ C8-H)) 8.6855( 1H <H), 10.50 (1H,
bs, OH). 25 Exanple 34 4- or o- 6- et hoxy- f

1. 51napht hyri di ne- 3-carbonitrile A solution of
6- et hoxy- 4- hydr oxyl - [ 1. 5]%pht hyri di ne- 3-carbonitril @24]500 ng, nmmol) in
POCl 3 was heated at reflex for 2 hrs under nitrogen. The

Compounds of this invention represented by Formula 128 can be prepared as shown
5 in Flowsheet 17 wherein G3, G4, R5, X, Z, and n are as defined above. The reaction
of reagent 126 with the 6-amino-[1.7])-naphthyridines 127 is accomplished using an
excess of an organic base such as triethylamine and an inert solvent such as

tetrahydrofuran to give compounds of this invention represented by Formula 128 . In



30 tenperature was reduced to 45 - 50 C (bath) and heated at this
tenperature for an 21 O CT 2003 WD 00/ 66583 _78_ PCTNSGb! D6Z580%ddi ti onal
2 hrs. wébesesssol i ng) the solvent was renoved by rotary BGHYSPUIRh. The
residue was treated with a m xture of ice and water) nade basic by using
NH40H, and extracted with CH2Cl12. The conbi ned extracts were washed
(brine), dried (Na2S04), and concentratétl-to give the title conpound as a
white so:_lid 5 (522ny, 100%. H-NVR 8 (DVMSO-d6) : 1.437 (3H) t, , CH3))
4.572 (2H, ( , A9 11,61 nd 41.8CAaphthyKiddiBare1H, s,
Gy Exarl SEOFED, afalditus et i BotrbspoRify 1,57 oo 4 S fabhyiald

ne- 3- car borprepared. 10 4- Chl or 0- 6- et hoxyl - [I. 5] napht hyri di ne-3-carbonitrile
(SOOmg) 2.14 mmol ) was heated at reflux with mbronmoaniline (0.69 m, 3 eq)
in, the presence of pyridine HO salt (250 nmg, 1.1 eq) in ethoxyethanol
(20 m) under argon for 3 hrs. After Hekf)Py t he m xture was diluted with
wat er, made basic with NH40H, and extracted with CH2Cl 2. The extracts were
washed (Brine), dried (Na2S04), and 15 concegtraj-e@H2i¥e remaining solid
was triturated with a mixturBsof CHZCL2 and t he iving the title
conmpound as a yellow soli %ﬁs{/gwm r i BINMe): 370.9 (M +
H ;1R cm | : 3305) 2217; b (DVBO- d6) y: 65 J( 31— CH3), 4.585
(2H) q, CH2)) 7.327 (IH, d, C38H)) 7.395 (2 ' ' [
bromoaniline), 7.503, ( 1 H, Miag '-H)) 7.618,( 1 H s, C'-H) 8.194 ( 1
H d, C7-H), 20 8.516 ( 1 H s,”C2-H)) 9.684 ( 127H) bs, NH). Exanple 36

4- Hvdroxvl -f | . Sl napht hvri di ne-3-carbonitrile 3-Am nopyridi ne was heated at
reflux with ethyl (ethoxynethyl ene)cygano 25 gcetatHelr- Xl e eq) in tol uene
for 10 hrs under argon. After cqolinpg, %Ihe i tle salid was collected and
dried. This material was heated = _ herm for 10 hrs.
During this procedure ethanol was gem$sed by/ isgillation. After cooling,
the reaction m xture was poured intd a ni xtYr eNSf MeOH and CH2Cl12 ( 1:2) to
remove non-polar material. The title conpo was col l ected and 30 dri ed.
mass spectrum (el ectrospray) me): 171.8 (MH). 21 OCT 2003 wo oon~ss3
-79 Pcrkusoon aZSo Exanple 37 4-(3-Brononhe&2svl am no) - f ,

1. 51napht hvri di ne- 3-carbonitrile A solution of

4. hydr oxyl -[ 1. 5] napht hyri di ne-3-carbonitrile (1.0 g, mmol) in 5 20 m POC13
vas 1ef | uxed 1o whnVeSpectld fie 430t FISSHELLS 1507, Y HlostRses SRS €, 08,, G A Y
evaporation. The residue was treated wth ice-water m xture, nade basic by
NHAOH, and Gy of attier dubétitierthigsyl ontiianmy asymmiettib €arboh\atom, fevintetmediates o

[ 1. 5] napht hyri di ne-3-carbonitrile (285 ng, .28.5!0). This was, heated, at

ref | ex mtwaabsﬂ@%aﬁﬂ!ciwwewélﬁ%@ ﬁ!ﬂli‘s%% %‘F“%?fﬁéﬁ}ﬁ’@wﬁ@”%‘gh (350
ng) in,A0 et o i vent
wab rotdyedoRpoighsFt s ke Ul BEhe FBBH: of R 564 Sl aciiEToRE

i ce-wat er aBspetidly. dactases) wherde tin substisidnts (i Qddntritasé r moteedhan taneet hy|

acetate. The conbi ned . )
asymmetric carbon atom, diasteriomers may be present; these can be separated by

methods well known in the art including, but not limited to, fractional crystallization
and chromatographic methods. In those cases where Gy, G, Gs, Ga, or other

15  substituents contain primary or secondary amino groups, the amino groups may first
have to be used in protected form prior to applying the chemistry described in the
above Flowsheets. Suitable protecting groups include, but are not limited to, tert-
butoxycarbonyl (BOC) and benzyloxycarbonyl (CBZ) protecting groups. The former
protecting group can be removed from the final products by treatment with an acid

20 such as trifluoroactic acid while the latter protecting group can be removed by
catalytic hydrogenation. In those cases where the G;, G2, Gs, Gq, or other substituents
contain hydroxyl groups, the hydroxyl groups may first have to be used in protected



extracts were washed (brine) and dried (Na2SOQ4), and concentrated. The
residue was triturated with ether. The tide conpound wasé ¢diQTed®3d and
washegoWokéssd5 ether, and dried. mass spectrum {el ect r BSPAERIYIHPL) . 326.9
(M+ H); TRcm1 3372, 2209; HNWR 8 (DVMSO-d() : 7.36 - 7.90 (3H) m &
C5'-H and C6' Hs in brormaniline), 7.64 ( 1 H s, C2'-H) 7.94 ( 1 H dd,
Cr-H), 8.36 ( 1 H dd, CG-H, 8.66 (l52-s) C2-H), 8.98 (1H dd) C6-H),
10.47 (1H, bs, NH). 20 Exanple 38 3- Mort ~hol i nopropanol To a cool ed (0C,

[ bat h | | 8aitatde0
2 S A S 8 e 98 o 1
was then b&ﬁ&?ﬁﬂg grolips irtiudef Ibng ané x\buhmtwsr.ow&bnedﬂmth)dululz&ttaQMat ure,

and stirred at roomtenperature for 1 The m xture was heated at ,100C
(bat h terrpgzraayhpe))eWi PRI SHONDS- %@Eﬁt%p@wm@n@s ¢anbeRemaYFd  was

Chuson "ot Hiseal TREOEL by HiSufld e 848 sulf s UREHE de DRy BBIIuOAE o

(MgS04) , he resi e was™ chr omat ogr aphe l'ica gel,

el utl b }@fgéﬁi&chﬁéﬁdnﬁhﬂé%@lﬂﬁrt tetting growprean s mnavadl bar oil .
30 )AC%T 2003 © WD 001 66583 - 80 Exar?gl e 39 PCTNS00/ 10250

2-(3- I\/brploanhlynehydtognnanmXV) 5-nitroovridine To a cooled (0C, ice bath)

vas adaed 3. o B 3k opip Smstops arodp ARl 4l aENGERTIY pRibgfe d€0 1)

sol uti on ids" & soﬁlv@ﬂu@dj@két'c‘ﬁﬂiﬂe dppliéd 18, vaflous iistermédiate 3-cyano-
2-chl oro-5-nftropyridin 3.2g9) 20 mmol ) "in tetrahgdrofuran (20 g
added al | naphthyridipesarss mﬂ aestd ttheofinal xcompounds REathis iaventiom, (khess, 5 hrs

223:[ 1@ o ? owinigyiatis ?Sf’%k%%eeeax%%nﬁé'p%% Sholin B Coibatdos PRk R BELT O
washed . Qiqﬁ”& é‘?%s 3Hio %ash Cg{lﬁ\omtsbﬁie%f th&seFuiErasial

resi due silica gel, 10 %ether in
CH2dl 2) ~ mdisillation e destribédebetowpound. mass spectrum (el ectrospray, nie):

267.9 (M+ H3; IR 1 : 2955 I603 1579,, 1515; H-NWR S

1. 95- 2( 05 (;D H Wﬂ;grg pngr goamO% Ganf3 08 09;115 D50 BTQYP: Eﬁcang‘ﬁ’%eﬁ%"ﬁ to

6.812 (1 Em I

40 2- Q(/an bqnegpl?_%dlﬂgpﬁl?l}é (P4 lgegﬁ%d?ngs?x\%gﬁf%%g%eﬁuﬁfsg?? yl ;’igp agl d

et hyl est tchi fhyvidrdgenation Where ode vt murepd Gy) Gas Gs.t0rdByisi di ne
TR o e B Y S p et

r oo erature un?a
at nospher ian amins group, ifoan be- C(mﬁmfbmﬁ‘ ﬁoxzesypn@pspsfsa!g‘/)%@mgrﬁrﬂsw ne (9.2

1009 T h t at
01301 o, ' caaonaegins by liglanibR Wit Mabhn® S Sp AP AIRY! itk S &0 €1 o ©
title CO“Q:Q*H&Q , atBms SoypMikdtihgS Rl hfl in¥@Solvent eﬁlbgdreaﬂéh\ér aﬂq'lat(onauﬁﬁ)goﬁl Mass

spectrum (el ectrospray, m e) 361.0 25 é IRcm1 : 2214; 04 1637.
- Exanpl e aldehyde of 1 to 6 carbon atoms and a reducing agent such as sodium cyanobo:

d hol | o |
gomt& )r(]y Gdége‘c utegolfego? ,On\x/q{ﬁrcgo G ﬁ§|°r%bgsoxyf§]¥&‘bg* %‘?ﬁ)\@%%ﬂ&ﬂ%é rile A
am noj - ac rc%h{/ eﬁ%%@&&ﬂs?%%ﬁ%hfrdﬂ)% gooup %ﬂj‘?@dﬁuﬁﬁ oitH ZGGmaﬂn)ylam agent ed at

260 C (intern tenperatu der argon. ring the first hrs _of
heati ng, 6&151@69 bomsastribromide in an inert solvent or by heating with pyndlmum chloride

with or without solvent. Where one or more of Gy, Gz, Gs, or Gs is an amino group, it
can be converted to the corresponding alkylsulfonamido, alkenylsulfonamido, or
25  alkynylsulfonamido group of 2 to 6 carbon atoms by the reaction with an
alkylsulfonyl chloride, alkenylsulfonyl chloride, or alkynylsulfonyl chloride,
respectively, in an inert solvent using a basic catalyst such as triethylamine or
pyridine. Where one or more of Gy, Gz, Gs, or G4 is an .amino group, it can be
converted to the corresponding alkyamino group of 1 to 6 carbon atoms by alkylation
30  with one equivalent of an alkyl halide of 1 to 6.carbon atoms by heating in an inert
solvent or by reductive alkylation using an aldehyde of 1 to 6 carbon atoms and a



WO 00/ 66583 -81 21 oCT 20ai PcrnJSOOnozso renoved through distillation head
attached to apparatus. Then, the reaction m xture was heat ed at 260 C for
an .additional 5 hrs. After cooli ng, the m xture was pour 08T 2B Exanes.
The solid was collected, and suspended in a mxture of (ﬁ@@moﬂmlvem (ca
5: 1). WO-PU68583 .k undi ssol ved sol i d was renoved, and the 5 filtrate was
diluted with ether. The yell ow sh brown solid was precipitated, collected,
and dried to give the title conpound .n&ss spectrum (el ectrospray) me):
315.0 (M+ H; IRcmi : 2227, 1666, 1630; HNVR b (DVsO d6) : 1.88-L90

L bt bl i ok o e
oS ) L0 BRI Snif el el ﬁé&é‘&%@&'df@ 6| GfepaRitiydrory, it can

0 a suspensl on of

4- hydnxy- 6-He3 chiveptad! tonthé- gdrrqspmdmg/)d]{anmylﬁkp\,agtouphpflldﬁ reart®nc 459506 b | I e
hyd CH2C12 150 ml) ) hl 15 (2.7

ol ) and DREtaD m%n soprogridke ?ﬁieﬁadu EFQ%PE’CQB#&&‘?%%’?}&%:“%%“‘?

su_sperlsg]?gr b%iﬂé%&?qt" g,g,lngﬂgﬁﬁmg?ﬁ iR as o WBQSW}H&‘&%?%&&ONV&S

stirred ent was renbved by rotary

evaporatio G.Sot G455 Hdio Sﬁadn/bdcunverwd tocthe comresponding alkenoyloxyi
wi th (NFi 4(r)G ‘E@ze d ex'td’#acted )\t/j\nyth CH2C12. The extracts, were vva hﬁ'@ {ibrln

dried (Na2Sf@ddp oﬁrldS cabomatems thyfeactionowith a8 apREoprial

gl 919 (? HN%R@]?X%D%E%%)‘%NKG%%&S%% ’”%‘7%%% ‘i{? mcfgk’?:s H) 8. 711

(1H) s, C2-fQa Lﬁl 'md efe G Gmore of Gy, G, G, or Gg is hydroxy, it can be converted to
3- Hydroxy- et hyl - nhenyl ami no) - 6- ( 3- mor phol i n- 4- vl - propgxv) f

1 51narlm)t hvthe déorrespomding alkynoyloxy Aroupiof r E6ogarbon atoms by reaction with an
4- chl or o- 6- ( 3- nor phol j n- 4 yl.-p y ht
(400 ny, 1.3RPPORFRL §ar L ki hideds; %ﬂgﬁglor‘ e%;fdﬂh‘éd&gﬁ; :agle

calt (208 MinepitidiiPera ymkgtmfgbwm yst, 30t bnd\GESmBRASFG, &z, G, o ux

for 6 hrs un argon cooling) the solvent was renoved by rotary
evapor at i onjs chttsoxy amaicmbaﬂlemyl qb\n&d! -7 rcaghomya toms.cit £a8 bgrrenyverted Lo thg t

t 21 COCT 2003 V\D 66583 -82 P 0 1025 | t at
Isgyer was seqsEespendin ?’Wén NP %1 @aﬂ%@n@%ﬁ% ggggt Ztg
Th

e COE%%' neﬁ’dﬁ%nce 'rat l@ﬂlﬁ%ﬂ?&hd@g} hﬁﬁﬁﬁoﬁuﬁﬂnﬁﬁ’h dridd it ineflt scivent;

(Na2S0 e"resrdue was tri tut;at ed W thnghalnd
ether and h@¥yarox§ie ﬂmﬂplmmnrmbedondertéﬂrm e lcbrrespon halemethy

col |l ected (200 ng, 40@2 and dri ed vr@ ectrum (el e tr -\ l%{rSPJs 420
(M + H); | Reronp by reastiom in apinert salyors with ahalogerafing reagen such P

ib( g: CB ;(r)ggnﬁqbe nt\ﬁlﬁ % &%&MW%& Ao/ bh&srpﬂﬂfb’&!()penfaéhﬁhﬂémt pivei ali ne
4- chl or 0- 6- fiorRe droup? The -hydaxgmerhyl lgrbim amh bé acyldiedewith an appropriate
20 acid chloride, anhydride, or mixed anhydride in an inert solvent using pyridine or a
trialkylamine as a catalyst to give the compounds of this invention with the
corresponding alkanoyloxymethyl group of 2-7 carbon atoms, alkenoyloxymethyl
group of 2-7 carbon atoms, or alkynoyloxymethyl group of 2-7 carbon atoms. Where

one or more of G, Gz, G, or Gq is a halomethyl group, it can be converted to an

25  alkoxymethyl group of 2-7 carbon atoms by displacing the halogen atom with a
sodium alkoxide in an inert solvent. Where one or more of Gj, G2, G3, or Gs is a
halomethyl group, it can be converted to an aminomethyl group, N-alkylaminomethy!
group of 2-7 carbon atoms or N,N-dialkylaminomethy! group of 3-14 carbon atoms
by displacing the halogen atom with ammonia, a primary, or secondary amine,

30 respectively, in an inert solvent.



3-carbonitrile (700 mg, 2.10 mmol ), 3-bronmoaniline (0.458 m, 4.2 mvol) and
pyridine HCl salt (534 ng, 2.2 nmmol) in ethoxyethanol (30V\gi) was heated at
reflux for 6 hrs under argon. After cooling, the solvent wdd P@&h3M8d by
rotary 15 evaporation. The residue was treated with ice water, made basic
with NOlop/6esssl extracted with ethyl acetate. The conbi nd€TES00408358 wer e
washed (sat brine), dried (Na2S04), and concentrated. The oily residue was
di ssolved in CH2C12, and ether and n-hexane were added to forma solid. The
title conpound, as a yellow solid, was.ggl.lected and dried. mass spectrum
(electrospray, me): 469.9 20 (M+ H); IRcm1 : 2224, 1668, 1628; HNWR b

DVSO-d() : L8s . X . . 4.34
EZH, m ,() 7.110 -F @%ﬁbg%%@% beg)hﬁf&%?ﬂ’%gf-zﬁd)‘mé%‘%gbﬁﬁp@g E{?IHE:
C8-H)) 8. 538(0-9843960describes Aethods thixt &3 uSeful-for the BeParatibh of thd\dmpotads
Exanpl e 45 4-(3-Hydroxv-4-net hyl - ohenvl am no) - 6- (2- nor uhol i n-4-yl - et hoxv) f
| . SI nanht hwaft @isninvenden. danaddition: tmye as¢ some patenstapplisatings | thatedesghibe dhé n
Exanpl 39-43 and ' ith 2o hol i n=et hanol.. .the titl d
obtal ned aPTePa, Bf cisrtih YUpinbedifR, By, O he Byt Retpods, BFRILGE o (1
+ H: 1B cipblicabl@2td) th€2%re &f sMQuﬂQb&fSEaﬁ:}an&glﬁ],l}ﬂ[Q@g 20643 [1.8]

PCT/ US00/ 10250 (DVMSO-d6) © 2.08 (3H, bs), 2.44-2.48 (4H) 'ny,  3.40-3.57 (4H,
n) 4.226 (maphthyjidines 700 thisH, inventions. T Thediga? Hpracgdurgs OdestribedH, inb $he)

(105 ps) " otppliéntish WolpbisBa{ gen belused o pragare the aphihytidinie infermiediates used’~

4- ( 3- Brono+ v ) whhabedn phol i =V, R :

1. 51nauht h\}é‘{hﬁ?ﬂ@y?}%@ t\)yglr#%xr! {?ie’ g?’ 93’?% ?ﬁgérrgmo%i%oxjsaﬂg& | r?e%m‘élg%vTehei n
Exanpl es 3¢hdmicahprostduresidesetibéd i thee appiidation V00633980 ban bé tided to praparend was
obt ain as, a_yellow solid. mass 10 spectrum (el .ectrospray, me). 455.9 (M

+ H: ﬁBNwm%cmw)ﬂwn@wtgw{tw#w s4gvention Wheeeinngil, 43068 (2H,
O " o Yy ba itk aphimoaliTlfieoy” g 1be coteaital brogedies describedisy the) 5
Lot o . : )7 YA N

> A no- &, APpUGRLENOCY L bt oo hIRRE Ind HapHind Bt IR btes e,
in the presenkie iavertiol Whkfeyn &Hi,nGByﬁzdidﬁeG@tarém)@yﬁmﬁiﬁhd[r%oﬁpd. P hrs

under argon. The solvent was renoved by rotary evaporation. e residue was
di ssol ved 2bemivalpipcidiiressdaicebérkin the applitdtion WO{9638978 canl bedused ite prdpatee

Py oo hat PRGBS o) Iy BB bereRiOH (s et 08 r
e ot S RS BRSE, SRR RS BB i AR e A

et hyl (et ho9g33YHTYdal MR BER 0O BrePhrt the n2plithridindintermeBiates uSed B g iAveronn )

was heated at reflux for 10 hrs under argon. After cooling, the white solid
was col | ecthgreimGidGiedi2, Ar §of areiamineglkylaikoxy groupsi Althowghtthe mbovspatatt) was
heated at 255 - 260 C for 6 hrs under nitrogen. During this process)

et hanol wa@PRiicationy descsibe. compounds (whese \the; inicated) furctiopal graupy haye béen

ol d o0 Lrded QhioGhe SBBosifth of A pithalitl 1hE sURE REHLEY o BENIN L 00
and et her yRfodadsehe s8mei MBupdAntd pbsiti6ms BEspied by the G, G3, G2, and G4
substituents of the naphthyridine compounds of this invention.

00

Representative compounds of this invention were evaluated in several

25 standard pharmacological test procedures that showed that the compounds of this
invention possess significant activity as inhibitors of protein tyrosine kinase and are

- antiproliferative agents. Based on the activity shown in the standard pharmacological
test procedures, the compounds of this invention are therefore useful as antineoplastic

agents. The test procedures used and results obtained are shown below.
30



WO 00/ 66583 -84_ 21 OCT 2003 PcTiusoon oiso as a solid. nmass spectrum
(electrospray) me): 228.7 (M+ H); IRcm1 : 2228, 1682.; H NVR 8 (DM5
Od6 ) : 2.182 (3H, s, CH3 ), 7.96 ( 1 H s, OH, 809 ( 1 H d, C7-H),
8.49 (1 H d, C8H) 871 { 1H s, C2-H, 11 .20 ( 1 H1s)CTN2)3 5
Exanpl e 48 6- Acet am do-4-chl oro-f 1. Sl napht hpri di ne- 3'Ca@E‘?RJ§56/i05® A

sol ut i w0 00/668Bhicet am do- 4- hydr oxyl -[ 1. 5) napht hyri di ne-3-carbonitrile ( 1.0
g, 4.386 mvol) was heated at reflux in POC13 (20 m ). under nitrogen for 5
hrs. After cooling) the solvent was renoved by rotary evaporation. Ice
water was | O added to the bl ack residue;3hich was cooled (ice bath) and
stirred for 1 hr. The mxture was warned to roomtenperature and stirred at
room t enper at ur e f Qahibition of THsderina! Grewthdacoo Reeebtad Kinase EGBRN) and nmade

extracts were washed w th wat er ) 3RS K8

the tide conmpound,as a dark .b ' . : 9 & e

6- Am no- 4- ( gp br Oﬁ%ﬁp!ﬁﬁﬁ\%%g/ﬁitﬁ%;é?’fn %@n‘éﬁrﬁgﬁ%aﬁ n%o}g'b %%ra %‘gﬁfiﬁ){lﬂﬁ%’ﬁ%h ©

sol uti on of ?p}ﬁr%‘l Lid9- | resid bt eptidee stbstrated oftalyzéd by (tHOO 20
ny, 0.81 mTSIﬁ? 3- rqgrgrga(?ﬁ Iq?ne (0.%rﬁ?ﬁg'nd}%b$%i ng HC (18%15& ﬁ\ _

et hoxyet fianehzyae epidermalsgrowth fagtoarecepibr hmaseo%/ﬂ!s peptide subsizate (RB1IREY hafhe

mde” basi ¢ §h4 FEOMBROR TS e B i gt s rieckly o, SRR el dn ol
The conbi negﬁg 2535 ﬁ:é’ﬁfsﬁe\é@eﬂh@%ﬁ&ﬁi@%ﬂmﬁ@ﬁbﬂaﬁ%m@ baculovirus
e“resi due 2

concentr at ed. hr omat ogr aphed {flash colum, silica gel,

CH2Ol 2 : et KeHcEGFROR) was2cstictel vontajninigethei EGER PN Auentoding Amine aeids sol i d
229 569%) . t | ect ' .341.8 (M+ H. .l 1:
515, " Thoo. Ok aED rebide o) Me Slacl SRy S cellgib 00 mipcpblts petdipteclia
7.35.7. , afvbbled i 323 i62-H) ,
9. 236 ( Q« (gf’;"ﬂﬁnrff. fgpti C%'%Sf%ggg"ﬁ% oot 23‘@3%8‘?9@%%%%2%%%&352@&
50 6- Fl uor oextriidtdvas prepaned osing d % Biten X100 arid applied -toNirMP4 rcoliimme After
Aldrich) in 600 ni of dinethyl sulfoxi. d i nert _ at

Laded 100 o weshiaghe, SOWRE Wit 20 MoiRgsalenEREOER: Bas litsd iBors0 meo ,, o
bef I [ ot | {55 ' ' - d
hexancs. hiBia0R G s kP NYIPOS Y o, 06 kbl NHCLTIC FrdehiBil odiiebledisReke ANC
phase was s@payzideszaiasdl0 hEMANEPBSS pBhas0; SanMXNa@ht $09t flyesrol, i lugknlui t h

equal vol unes of ;Daﬁll acetate and hexanes. The pool ed organi c phases were
washed Wft hantipaieandr lespepiin |and -l mMyRBefablor (9% < e preteim as JFo2en R E%Hf ¢ he

sol vents. ice/methanol and stored -70° C,

Test compounds were made into 10 mg/mL stock solutions in 100%
dimethylsulfoxide (DMSO). Prior to experiment, stock solutions were diluted to 500
uM with 100% DMSO and then serially diluted to the desired concentration with

20 HEPES buffer (30 mM HEPES pH 7.4).
For the enzyme reaction, 10 uL of each inhibitor (at various concentrations)
were added to each well of a 96-well plate. To this was added 3 uL. of enzyme (1:10
dilution in 10mM HEPES, pH 7.4 for final conc. of 1:120). This was allowed to sit for
10 min on ice and was followed by the addition of 5 ul peptide (80 uM final conc.),
25  10ul of 4X Buffer (Table A), 0.25 uL ®*P-ATP and 12 ul. H,O. The reaction was

allowed to run for 90 min at room temperature and was followed by spotting the

entire volume on to precut P81 filter papers. The filter discs were washed 2X with
0.5% phosphoric acid and radioactivity was measured using a liquid scintillation

counter.
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10 This crude product was passed through a plug of silica gel with a
gradi ent of 10-30% et hyl acetatel hexanes and stripped to constadt wei ght on
a ~ rotary' evaporator to give 76 g (84% of 2-fluoro-5-nitRdpysy (}hﬁe as an
oil, which was used in the follow ng procedure. To 76 g of

2- f 1 uoyeobreBasar opyri dine in 500 mL of ethyl acetate und®CTAISO0/MRSH 15 was
added 100 g of Raney nickel which had been washed three tines with ethanol
and three tines with ethyl acetate. The nitrogen was replaced with hydrogen
and the reaction was allowed to proceed&-ar 18 hours at 30 I b/in2. After

t he hydrogen at nosphere had been replaced by nitrogen, the reaction was
filtered through celite and stripped Tdbleal vent. The product was purified
by passing_through a plug of silica gel 20 with chloroformand
recrystal ||Reagefit om chl orof ormto giRimald2 g (70% 0100 Rxns

6-f 1 uoropyri di n-S-éI amine in two crops as white platelets: nelting point

90-91 C; radd HEREB(RH (Al e): M+H 1125mMyxanpl e 51508L

(6- Fl uoro+pyri.gi.n- 3: vl )-carbam c acig._ .tent-butyl ey To 40 g of

6-f 1 uor o-p?&?@&rﬁ%ﬁrﬁam ne and 20 ntéad'?Mte but anol \igdsugdded 200 g of ywarm

di-t-bugyl 1ﬁ1§ﬂégnate. After stirrijpgmhpr 4 hours g4f0C the reacti on was
f exa

di luted w es and chilled at -15C for 18 hours. The crystals was

filtered, |1atNfcAITRi t h hexanes) and @0iwdd i n vacuo t80ghve 72 g (96% ¢f
(6-fluoroqpyridin-3 30 yl)-carbamc acid, tert-butyl_ ester: nelting ppi nt =
112-113C; |nBsATBpectrum (me): MrH 231G w0 00166588 -86 21 o CT 2003
PCT/ USOO 10250-Exatpt-e—52—5 SIREWCVIVECS T e mals Het-o—+SeRt+eot i ni C
acid To 30 g of (6-fluoro-pyridin-3-yl)-carbamc acid, tert-butyl ester in

60 nL of 5 tetr - e \ .2 ; l - er an
i nert atnospher ﬁé@mg%g?%%r%%gmﬁggg%gﬁﬁ%%E%ﬁnlﬁ%)ﬁiazurér&exanes (3
eq) . A0 erbélow Bl TABIE 1Wa$h@qwgbei§ ahe cBcentratién @f testscompound theededvaom t o

-15C for 5 mnutes then recooled to -78C. Dry ice was allowed to sublinme in

a separ at erddues kheatothl ameuntagfphosploorylated sdbsiate by 136%. dihie % \inkibitioneaf theact i on

m xture while the cooling bath s renoved and the reactio | Lawed to
war m t o OClestRAmpQuUngd ¥ W‘W\Qf%‘éﬂééﬁt theegy 1} SORGFOUrRURNS; 3&%{‘5? i§59roduct

and the resultant a hase S e i gty

aci di fyi ng" ?W%&H%@ﬂ?[%%%fﬁﬁ%ﬁg%g‘f’% gﬁ‘é’%‘g"‘%’fﬁ‘g‘r@ésdfmmg&s 2d with
wat er, andwsthitRéfdllowiAE femuRx: 9i ve 21.2 g of

5-tent - but oxycar bonyl am no- 2-fl uoroi soni cotinic acid, which was used as is
for th next step: nelting point 240-245C 15 (deconposed); nmss spectrum
(negative node, m e):%Nhhibitioh =2100E(@PM@Enig)/CPMéantBl)] ®400ar bonv! ami no- 2- -
tluoro-isonicotinic acid, nethyl ester To 44 g of

et hanol  aRH00t SRR i e, PSSR S 36 36 g el dapfypiny e

(trimethyLgl ) H AL } A b ' to
e m o anEPeitodf sARGREHERATE - TS BiBmorfich Sl WA SRC PoAEIRbIRL: 0
renovexd anbly tHecenaymdafier 90imbiutey dtirbora derhyerpses imde ipheseng@ofaesticompoiindi | i ca
gel with chloroform The product was then recrystalli2ed from hexanes to -
gi ve 32.6 @& measuredby scintlation sRyrtng SR HanEeDAs in yaHs of SOBALE BEF ni ¢

id, t hyl ter: I ti int 104105C (d ,
?ﬁ; e): rrel\/rrl—mﬁey' e_sga_?lzzlEx/Mne 192%@3:? Ic)r:prcsscx’ng the agno%%? ng)fo?a%j&abcrlrgds ?A'ﬁp e&_t:,’r:;%n

cster 30 THCRrR itoShERESHE) ootk Sl by HEEBAMRE ofe o plifles 'V
t et r ahydr ofgbnifenieratiife inafe sseidelofaski@ompburfd &s méas%i‘éw%‘ Hgsidacmtiliationi | e in
100 mL of WD 00166583 _87_ 21 OCT 20p3 Pd'1US00/ 10250 t et rahydr of uran.

After 220 ntounting. The CRMeulwes werefcomeeted tfo theohgakgravad qosnisrproduced by

fl uoro-isopkeatinic acid thyl ester in 0 of tet. d . Af ter
a further ‘@g‘b rH‘ﬁE"[ élgﬁemf%éf ﬁ&ﬁ%ﬁ%&&gcﬂﬁ&eﬁ@w&%m%‘%h%o@%%@?%?

acetic aci 5o heluk Safil 1i® Repti@d tin| TABLEM t Sih&Swisé o l% TREibRIoncahDI5 pdet at e
and saturated sodi um bi carbonate and 5 the agueous phase was washed tw ce

wi th et hyl cairehp@dtion offtést peapehdois ghows i NABEE 1.




were washed with saturated sodi um bi carbonate) dried, argh gptrigged of
solvent. This material was further purified by passing ﬁﬁgﬂﬂ@wplug of

si i cawge00/66583n a gradi ent of 0-5% nmet hanoUchl orof orm t I've a Crude
product that was used as is for the follow ng step. This material can be
further purified by recrystallization f50n110 chl or of or i hexanes to give a
white, crystalline solid: nelting poi nt?/T06- 115C, nmass spectrum (me): MtH
279.9. Exampl e 55 6-Fl uoro-4-hydroxy-f 1.71lnav~hthvridi ne-3-carbonitrile 15
The crude product FiNEE 15 enibRIGKYECE-TOKIREe ¢eeonibiasn @n inert

at nosphere in 50 nL each of dinethyl formam de and di met hyl formam de

di net hyl acetal. After 1 hour, 50 nL of | water in nethanol was added and
the vol at i Exampleent s LESMEM} i pped onZalnhibition @ O34M),,  This materia
was purified by flash chronmat ography with a gradi ent of 0-30%

met hano§/ chljoroformto g0@e319 g (85% 20 two steps) of

6-f1 uoro-4p9hydroxy-[1.7gpgpht hyri di ne-3-carbonitrile as a yellow sh solid:
mel ting POiyRt 214-215C, gpg$ spectrum (negative node, me): MH 188. 1.
Exanpl e 56 % Chl oro-6-11 'ro-f 1. 71nauht hvri di ne- 3-carbonitrile 25 To 10 g
of 6- quor§§4 hydr oxy- [ I';7~napht hyri di ne- 3-carbonitril e under an inert

at nosphere<’n 150 nL of t hyl ene chl ori de was added 24 ni of oxalyl
chlori 4 f@Bowed by 0.4>8l of N N-dinethyl fornmanide. After two hours at
reflux, an38dditional 5 @8 of oxalyl chloride afd%.3 ni of N, N-di et hyl
formani de 88s added. ABQ@r an additional hour aB%eflux) the reaction was
poured int@3ice-water antl 30 solid potassium cad@d9ate was added carefully
to a pH of 4gbout 8. The thoroforn1layer was wagB@dowi th brine, dried with
sodi u ulfeate, and strig to give a crude . WO OO bb583 88 21 OCT
2003 PGINS@Q/ 10250 prod ThIS material was further purified by passing
it thiough pl ug of S'Fgﬁﬁg
m xture of “€hl orof orm a anes to give 10 g (92% of

4- chl or o- 661 uoro-[ 1. 7]nQ t hyri di ne-3-carbonitrile as a yellow sh solid:
mel ting poiédt 150-155C;, 088% spectrum (me): M-PZE%RI 190.0. 5 Exanple 57
4- ( 3- Be@no-6Bhenvl anuno) - b-fl uoro-f L7l nanht hvri di ne-3-carbonitrile To 1.9 g
of 4-chl or g46-fl uoro-[ 1. @po&pht hyri di ne-3-carbonitrile in 30 nL of absolute
et hanol wagg4added 1.6 nLjof 3-bronpaniline. Aftgq.3%fluxing the reaction 10
under an inert atnosphere for 8 hours) the reaction mxture was cooled to
0C and the product was filtered and washed with cold ethanol. Drying in
vacuo ¥ }
4-(3-Db e : =Frmapht hyri di ne- 3- carbonitrilc as an
of f whi te sol i chy, gk ishGaBa @h@&éoﬁgm HEBRSprodeuee, Wmblatinlated/iipds. 0)
345.1. 15 Exanple 58 4-!3-Brono-uhenvl am no) - 6-(4-net hoxv-benzvl am no) -

1. 71nanht hsubstrameisFirstimmobilizéd en ﬁoutnavgﬂmfcoated microtiter plates. The test drug,

of ' absol ut SheorAveREL Sel oA ”05%1?%3)07 R ”ﬁeésaﬁar MOl gijyhé = -

f
reaction oggﬁy ng ﬁ,ﬂ{r), Eﬁféﬁha tbﬁ 3) aré thenatidsé d

t hr ough a Ica ge % et oUthoro rnl Fractlons

cont ai B0 ng tp tedumhobitized spbmmcmtainmgmbmumuveltsx AdRiig th¢tasidedh¢ mtegr aphy
on silica gel with a gradient of 1-2k neth noI/chIoro or; ghyqnﬁﬁn

(45% of 4-Phgsphosyieiqm &Hier ApRubabon, theassay Pakes am Wash ) ¢

Furthor tr ARy Retid RRORb A pepide UhibhSs ity ?‘E’h*b‘ﬁaféﬁssm’%f:g in a
i i MM ATYHRP)bnjugied el phoéiorostid iohogonsltantibodys Thenahtibodyrtreatéting

hexanes to ive 1 ng: nelting point 82-86C (deconposed). nmass e‘Pectrum
(mle): atas are2yashed again and the HRP activity in individual wells'is quantifi

with chloroformand recrystallizing froma

35. reflection of degree of substrate phosphorylation. This nonradioactive format was
used to identify inhibitors of ECK tyrosine kinase activity where the ICs is the
concentration of drug that inhibits substrate phosphorylation by 50%. The results
obtained for representative compounds of this invention are listed in TABLE 2.
Multiple entries for a given compound indication it was tested multiple times.
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6]: Ami ”%61;6/%'5&{ ono- nhenvl am no) -f 1. 71nayht hvri di ne- 3car Biirbddo/iesd© 400 ny
(0] .

4- ( 3- br ono- phenyl am no) - 6- (4- et hoxy- benzyl am no) - [ 1. 7] napht hyri di ne-3-carb
onitriie in 10 nL of nethylene chloride g9as added 10 nL of 5
trifluoroacetic acid. After stirring under an inert atnosphere for 20
hours, 10 nL of toluene was added and the sol vents were stripped on a
rotary evaporator. ThT¥ABDER:tInhikitiowof EpitkelidlyCdll Kihasel(Eekpt ogr aphy with a
gradi ent of 0-5Xo nethanoUchl oroformto give 250 ng of

6- am no- 4-( 3- brono- phenyl am no) -[ 1. 7] napht hyri di ne-3carbonitrile as an off
white solid: nelting point 185-Examplédeconi€C80dpMIrass 10 spectrum (me):
M+H 340.0) 342.1. Exanple 60 6-Am no-4- (4. net hoxy-benzvl am no) - f

1. 71nayl® hvri di ne-3-carbonitrile 2o 1.3 g of <04

4- (3- br ono- phenyl am no) - 6- f 1 uor 0-441L. 7] napht hyr hgli ne- 3-carbol5 nitrile in 20
nmL of absol ute ethanol was added mL of 4- metexy-benzyl am ne. The
reaction was refluxed for six dayg, stripped sol vents, and passed
through a plug of silica gel wt h% % et handl4-thl oroform This crude
product, was di ssolved in 10 nL of¥*chl orof orm taining 5 % ani sol e and 10
nL of th0i fluoroacetic acid was adfed. After t3-}ri ng under an inert

at nosphere for 20 hours, 10 niL of7% ol uene was2xdided 20 and the sol vents
stripped on a rotary evaporator. The product was purified by flash

chr omat ogr aphy, w tr} > gra,dl ent of , O- 10k et hanol /chI oroform The soI id was
extract ed \WRERILOROL IIBASCINS Jning jege \cthe catalviie d

6- am no- 4- (53~ m no) -[ 1. 7] napht hyri di ne-3-carbonitrile as an off

white 461 d. nags tiperntu iumheolbsbhl 3 plocedird KR ol fthixdd A the

acid, f4-(3-brono-nhenvl anm no)-3-cvano-f1l.71 naohthvridin-6-yll-amde To
100 ny of PEESPRRS T Absengenob mwnbmthwmmdt evithhy drubstate rpeptide rtoabe 30

of 1 sobut y PRaTaRatd Ta BboRiie oCetibelts {1, Biroking ot ¥ or 6wl ek T ™

6- ani no- 4- (c3facto¥D sabkh 68S5M g9 And sk ‘Q{nﬁéﬁlep 3.* sine hosphatase
17]naphthyr|d|ne3carbon|tr|Ie|n3rrLo yridi ne at OC Af'ter standing

at 0C for tminb:@orMaysn apprgpuambqf&rm mmnnamtpﬁ QhByIA’EP\ land iacredinactivedtheer

Fot ar y 2y antiter &"Lah & ke el AT cBenciaa i inREEE ixposmipey{aBhR RBEh g aph

5 t
gﬁ It ng 3n0| gﬁcggfa@&t [t.gé_ r&hlg&t/i’dﬁeﬁﬂ&ﬂﬁté GioBiafliOkith! e W& inkaluble faction of

br ono- phenyllmaasano)mmm/ tnthep lquahtifieth ahyeflediion 6f \substeate Pphosphortlatian. Thisnt

255C (d d tr H 406. 1, 408.2. Exanple 62 10
4-D1 et h| LG %ﬁ#”v?g%nﬁ Fised 1 Idenftinbiioss @hakDRaPTRSRC SRR dEYY

| . 71 napht hyg d by~
the react orﬁ*ﬁ%‘% o 1l e P ena PO i I ﬁﬁbfﬁalt@'@hi‘%%%*@%aﬁef

with ogal yISO%hIAsr axdexz(rﬁpl’&S thﬂ_):ompoumt Wm:ﬁplefﬁ@linmmtﬁ KIDR ) with tah IQseofdr op
of N, N-di m§t3t§y g‘gr mam de for one hour. 15 The reaction was stripped of

sol vent an B0l ved in 8 nL of anhydrous tetrahydrofuran. An aliquot of
4 mL of this reagent was added to a solution of 500 ng of

6- am no- 4- ( 3- br ono- phenyl am no) -[ 1. 7] napht hyri di ne-3-carbonitrile in i5 nL
of tetrahyMigdgdh Aetivaed Prote mmgl#é%)m%g s base at 0C. After 2 hours,
an additional 2 nmL of acid chlori tetrahydrof uran was added. After an

addi ti onal hour To evaluate inhibitors of the MAP (mitogen activated protein) kinase a two

30 component coupled standard pharmacological test procedure, which measures
) phosphorylation of a serine/threéonine residue in an appropriate sequence in the
substrate in the presence and absence of a putative inhibitor, was used. Recombinant
human MEK 1 (MAPKK) was first used to activate recombinant human ERK2

(MAPK) and the activated MAPK (ERK) was incubated with substrate (MBP peptide



20 saturated aqueous sodi um bi carbonate and chl or of orm was added and the
chl or of orm phase dried and stripped to give a crude producd 1t0CIt 2088s
purifi eq,dn?b,&ggsh chromat ography with a gradi ent of ethylPCT/US00/10250
acetatel chlorofotm then nethanoUchl nroformto give 360 ng of a one-to-one
m xture of 4-brono-but-2-enoic acid,

[ 4( 3- br ono- phenyl am no) - 3-cyano-[ 1. 7] naplt hyri di n-6-yl ] -am de, and

4-chl oro-but-2 25 enoic acid, [4-(3-brod-phenylanino)-3-cyano-|

1. 7] napht hyridi n-6-yl]-am de. This materjal was dissolved i, 10 nL of

t et r ahydr oPUMNMX G papEde)iingthe presegee NINATPREVBY | and radioipbrledind® ARt BRE Wi t h

Cot ranydr oParRofacey RER R pofrdt bEUR 8F prbodHoclylbseiifl Eipd o' ' 7
sat urat ed aibedded in ealtrotitdpiphie)hoashd and counted By sdtheN@foRmBthddee or gani ¢ 30

phase was dried with sodiumsulfate, evaporated, and purified by flash
chr omat ogr aphy wihé: pepideciubstrates used Oip rthe hassay / ¥ml| b&ﬁ,omttd@ §ubsrateo0 ny

o et hﬁ‘&&ﬁ%@ﬁﬁ SRR, of syRnfti S sitstiate) (RRAETIPTPPLSPSRR+S TFA. The

[ 4- (3- br orReBRBHANEER sl éte prepardd &PBSTudieh Proteint of MithAFERK 2dhd
anor phous yellow solid: nelting point 180-185C édecorrposed); mass spectrum
(me): MHuban MEK 32 Ishibsorrsampi¢scwes prepared as 10X stocks in 10% DMSO and an

4- ( 3- Brono- ubenvl am,.no) - 6- ( Z- nor nhal i no-4- vl - et hvl am na . .

117 Lnaht TRAFRRHE AE00E WS 3o, P ioHyeE By 10 e/l o7 o 'thele point screening

4- (3- br onogqaRedpyi IQPX;QIJ . 40dM- final CoRedHtativn! 1Bt Q%E?és?@ﬂsietédﬁ& Fiflal> M
of pyridine was added’ 0’4 nl of N ami noethyl norpholine. The 10 reaction
heat ed 18t BMSQ condentrations wese less thappedqudl tedi%.ent s, and passed t hrough a

Pr oduct ver e poolHETEARPY WA U SbAriam s 59 TAM.ds Rt duais iy it &1 1§ ca
gel i L aegigh Sehurl oS82y ToTRGBBRLR URER o RIS batl & 1bildo™

chl or of or ezanes Yyl el ded

4- ( 3- br ontsapipder ylas atlded}to the( tAberA propriate dilutibn of byiyams way) delivered to give 2-

1. 7] napht hyri di ne-3 15 car Ltrile: nelting point 80-96C (decaonposed);
mass spec# B rem%?m%%?@* ey, mbeﬁi'hﬁﬂp@gﬁar was incubated with MAFK
4-(3-B W Iﬁg\lﬂ' R) I ‘{iﬁ"ifi’ MP%Q hdi R&- i hicile 20
To 500Ii$rg 0 4?%3- roma}g\g%?:gmﬁg% - -?‘lﬂtuoro- Yd}?nggﬁiﬁgﬁ%%gugg

car boni t r idctivated Mek{0.05-0.4 hmits)was addedrtolactivate alErk shdihcubfatedfp 3@mirous

methyl amne, The seal ed reaction was heated at 90C for 24 hours) stripped
of sol vent®)3Qn&-. plhens substrfg and; gamma, o%?‘g’g? Hasy Were addedcto gave @ famaly

gr adi ent ':i'to]é)ti t fpanpdenl oo I v%q ..Td €atd OR; %ﬁg%eqa rative
t hi n-| ayeﬁgoggec rgﬁm'?ﬁgr'apgy wﬁ%@f‘)gﬁi{%no %mﬁ’pdf%a’iso&%g . 6.?}9 of

4- (13- br oryTRMYBe oMM ATHERMAY (cofitentratidn.’Sanpies Rvdre GhdiBaidd @@ 30RO Ifbr BDe as

an anorphous solid: nelting point 250C (deconposed); mass spectrum (ne):

MrH 3520 1, mipb@siand WOreRtion 3a&s stappedbynarldings 35 2d of Gre @0 I0PETCASARtet OZ50 -
1-f4-(3-B - uh | ami - 3- -f.1.71 ht hyrj di n-6-v11-4-di met hyl am .
T a ol urcampiss were chilciogn g 19F 30 min, 20 Af Of satiple was wansterved onto B 81 o

4-(3-Db ' - - . i di L in 5
L of abodPorgose falear hick panktof abprobtBRCUTY it (focada BTN Ffer
reaction \apersedrl MR wepy washede dmps withf o1 argeoodlung dfd % akstierndcid, ahareR at ur e

and filtering the product which was washed with cold ethanol then ether and
dried to dimes »dth wpter1Gbochltess or MTP were briefly air dried before addition of

_[ 4- (3 br.Qnoph  00).- 3- N, nt byr i di pe 6yl 1= 4- di Lani no-
oyt o A uriePRUART S GEeleS ere SOOI i 1 FRBORENE GEmRlRioR ouisE TR v ) -
M 445.0) 4ésdidg P asRbpe. 6amples included a positive control (activated enzyme plus

substrate); a no enzyme control; a no substrate control; samples with different

concentrations of putative inhibitor; and samples with reference inhibitors (other active
compounds or non-specific inhibitors such as staurosporine or K252 B).

30 The raw data was captured as cpm. Sample replicates were averaged and
corrected for background count. Mean cpm data was tabulated by group and %



fr Fl uor o- 4-1 3- hydr oxy- 4- net hyl - ohenyl am no) - f

1. 71lnauht hyri di ne-3-carbonitrile To 1.5 g of 4-chl oro-6- §I1u§c-p-2

1. 7] napht hyri di ne-3-carbonitrile in 40 nL of 15 absol ute et hanol was added
1.14g %o%h;&ﬁ%xy-4- met hyl aniline. After stirring the re%ﬂﬁ?o&iﬂiﬁr an
inert atnosphere for 16 hours) the reaction m xture was poured 1nto a

m xture of brine and saturated agueous sodi um bi carbonate and the resultant
crystals were filtered and washed with wager. The product was then
recrystallized fromchl onfornifetherl hexaneésS. Drying in vacuo yielded 1.9 g

90% of 6-fl. -4-(320 hyd - 4- et hy| - phenyl am no) -
(1. 7]/?1 aS ht hyr i"bjl'icll‘hg‘%- lg,b'af‘ M%Pﬁ%%%ﬂdaglgg C%ﬂﬁg@eagg@gﬁgt%)ﬁé[m ggnisel- rorrected.239C
d d); o M. 294, . I

G ET or os e} PRS00 % HklHido 1EsevbesP Mlcatidions of nkibitpy wesss 1o
2.0 g of 4-chested)16sd vaheeso(tiiel coticentpdrionywhidh éve3- 308 shibition)) Qvérd deferfined’

met hanol was added, 2. f 4-phenoxyaniline. After stirring the reaction
under an inempgle%‘gpﬁe%e&ﬁoéosssremm rrairyee fort Poo inhibigionrer b sarp approgriatet 0 a
m xt ure by a 0 odi um bi carbonate and t resyl tant
crystal soii I E: g’?@(‘:‘égg%a%egﬁg\d It%gﬂ%at%g?fm%h OIpWE‘?fEPm&XE ¢¢fapounds of this
recrystal | i zésvehtionmasdlisted i TWBIE 3N WhereSthekd thaf e isBpia ' @3@ e 9
(69%) of 6-fluoro-4-(4-phenoxy-phenyl am no). OO?GG%h@gk g(?%ﬁnlgl e
68 21 o CT 2cempeaxdys isiavisdicptionthatithh chmpouiidwasievahratetinore than ane yiadd, ow
needl es: nelting point 211-213C, mass spectrum (me): M-H 356. 9.
4-(2,4-Dichl oro- Y ino) .G fluoro-f 1.71lnanhthvridi ne-3-carbonitrile To
2.0 g of 4-chl or%ﬁa hibition of Mitogen Agtipated Pratein Kinase @lek-Ba&k) ni of
met hanol10was added 1.9 g of 2,4-dichloroaniline. After refluxing the
reaction under an inert Examplhere for 2IGSUGEM)the reaction m xture was
poured into a m xture of b%i ne and sat ur at e(aagqueous sodi um bi car bonat e and

the resultant crystals wer® 10 filtered a shed with water. The product
was then recrystallized fr I 15 20 25 chl or dPor nf hexanes. Drying in vacuo
yi o~ded 2.6 g ~(80Xo) ~ of2l >50

4- (2, 4-didchl or ophenyl am no2 6-f 1 uoro-[ 1. 7}y18pht hyri di ne-3-carbonitrile as
yel  ow needl es: nelting popnt 206-208C, magggspectrum (me): MH 332. 8.
Fasnpl e 69 4-(3Chl oro-4-flapro-ohenyl am n@yp§-f 1 uoro-f

1. 71napht hvri di ne- 3-carbomj4f rile To 600 N
4-chl oro-6-fluoro-[1. 7] na hyri di ne- 3-car itrile in 15 nL of absolute

et hanol ¥as added 500 ng (%iS-ChI oro-4-fl agﬁani line. After refluxing the
reacti of-under an inert atf{ibsphere for 2 KAWYs) the reaction mxture was
poured into a m xture of ¥ ne and sat ur aPd80 aqueous sodi um bi car bonat e and
the resultant crystals wer® filtered and washed with water. The product was

then recrystallized from 25 50

26 >100

25 27 >100
27 >100 )

28 6

30 50

35 >100

30 37 >100

43 >100

44 >100

49 25

49 25

35 57 >100

58 >100



chl or of or mf hexanes. Drying in vacuo yielded 765 ng (83% of

4- (3-chl oro-4-fl uorophenyl am no) - 6-fl uoro-[L7] napht hyri d2esGF @g3bonitrile
as yelwowosmessdl es: nelting point 108-111C, nmass spectrunrGRrUS00/10280H 316. 8.
F~sanpl e 70 30 4-(4-Chl oro-2-fl uoro-uhenvl arri no) - 6- fl uor o-f

1. 71napht hvri di ne- 3-carbonitrile To 3. Sé

4-chl oro-6-fluoro-[1. 7] napht hyri di ne-3 robonitrile in 100 nL of absolute
et hanol was added 2.3 niL of 4-chloro-2-fluoroaniline. After stirring the
reacti on uridkibition ofGanicenCelb Srowticas MeagedibwCell Nuliber eact i on mi xt ure was
poured into a m xture of brine and saturated agqueous sodi um bi carbonate and
the resul tant crisman sumon@illide3sos&s plmmm@ieuma@mﬂoammemzs@wie

filtered and_washed_w ter, The produc en recrystal I| ed from
chl or of or m<EHs/gal) M e meiem EPYAINNg LTy LY s}ﬂeﬁ%ae e Byt

4- (4-chlor [ litrile
as yel |l ow (r?élé{:l#] es: rrg‘{]@ [ ngﬁ%ﬁ%u@g&h%ﬁ%e a:%iéé gggg%:m&n%q % W?%@gla 9.
S Exanpbe 70D04ng/flyos atrlower ¢dncenteativns foexthe nforé buenumﬁnpounds After 48 hours

L7l naoht hvri di ne-3-carbonitrile An aliquot of 2.8

4-chl oro- 2-°P‘P%%H%W campountds, ¢glly wese, fied WWF@E@’ ardistaingd i nert

at nosphere 0
4-chl or o- 6-TT uoro- Mp#hyrffgpﬁg@g-car onllé1 agen\?\:/agmg’dgg‘g{% ggt%e si des

of the fl agislubiéeddnWi( MMUEAS base shddptital densitye was dterdinedsSusiig Weplate

off'wth a streamof nitrogen over 30 mnutes, at which tine the reaction

was conpl etreadcrﬂéndem@ndmnnsm@hq assaydhe optical dersity/is\proportienalan ths wrabern and
t he or g ni ¢ I odi um sul f a ed of. solvent.
15 he T o cBEIAEFesl 1Cis Yo fentaiot el uRHR B rell 80w Wi -
vacuo vyi el dﬁ&r&l&dquﬁ&?@ grotwth mh1bmon lots, The test Rroccdure is described in detdils

4- (4-chl oro-2-fl uoro-phenoxy)-6-fluoro-[1. 7] napht hyri di ne-3carbonitrile as

a whit e solbydPhilip| Skehan b alt SNl 1381C; Imns&sp&‘t-im (1896).: Thessedata7arg. 20

L ol A AL AR S R

slowy addQ&tﬁx@cé&hre@fls 2vaidne mm@ﬁféﬂéﬁﬂq&m&uﬁ%dﬂéﬁ& V@41 Rldegved to

warm to anbi ent tenperature be use. 25 Ef
6- | 2- Dljret fantl Hybrdomtak,0l994-Refért¢npd Guidey SthhEditibmrThecller2Neu Tal tine lis/a BTB ne- 3 f
carbonitrlle To 250 of . .

6-f | uor o- 4 1ing %i‘ﬂ%?%%feﬁ??pﬁﬂ}h Her2/meqentor DASedi ne- 330 carbonitrile
under an inert atnosphere was added 8 nL of 1 M sodium (2

di met hyl am no- et hoxi de) in tetrahydrofuran. After refluxing for 2 hours,
the reacti on  Table4:\ybibitioh FEBEEr Cell Growth @ MeFsurtd BECRNEECO | TEMMAs st ri pped
of tetrahygrofyuaas and WGKER: iamesadgesioprlhgwiodpey WREHS ik er @azNaashed
with waPer PO dred, 2e;ﬁ‘d réé?‘ystlé'{ll i Z@EP f rom>€:hl or of or nf et her| hexanes to give
266 ny (85% df;

6- (2- d| met byl asi no- at hoxy) 4- (34 phenoxy phenyl am no) -[ 1. 7] napht hyri di ne-3-¢
ar boni 55I I é; adsy ydlP ow 981 i d:0orel tdldg poi A47 15900761 CP40masS

0373 0.106
62 04635 008798 003565 0356 02716  0.04359
63 49 05 04 05 08 41 57
64.. 098 031 0.74 043 3.60 3.87
64 3942 0209 1.876 2363 2246 4621
30 6 47 59 41 31 52 42 56
74 >S5 2.228 4633 : >5 4479  >S
85 4203  3.056 3591 2344 2969 4724
35 Based on the results obtained for representative compounds of this invention,

the compounds of this invention are antineoplastic agents which are useful in treating,
inhibiting the growth of, or eradicating neoplasms. In particular, the compounds of
this invention are useful in treating, inhibiting the growth of, or eradicating neoplasms
that express EGFR such as those of the breast, kidney, bladder, mouth, larynx,

40  esophagus, stomach, colon, ovary, or lung. The compounds of this invention are also



5 spectrum (me): MrH 426.0 Exanple 74
4- (3-Chl oro-4-fl uoro-nhenvl am no) - 6- (2-di net hvl am no- et hoxv) | 1. 71nauht hvri d

i ne-3-carhonitrile 10 To 2S0 ngy of %'_%{B

4-(3-8‘19‘6‘1/ S f | uor 0- phenyl am no) - 6-f fuoro-[ 1. 7] napht hy?' | rgg%mc%()r bonitrile
under an inert atnosphere was added 8 ~ ~'nL of 1 ~ M sodium

(2di met hyl am no- et hoxi de) in tetrahydrgfuran. After refluxing for 2 hours,
the reaction was stripped of tetrahydrofuran and water was added. The

pr oduct bils \ i . | g om
chl or of oﬁ%ﬁe@ﬁ%& gﬁ'\é@ﬁth gglé\llq}ée Er 10% % °ﬁg{a{‘§‘g PS? 'ﬂg?ﬁlﬁs%é’ ot ﬁié Bré ¢l

4- (3- chl or expteds! the reeqpter pro@in proguded(b3- e RESBY (Her2h onedgeney ~Additionally,

j 1. 7] napht hyri di ne-3-carbonitrile as a yellow solid:; nelting point
131-132C; thesompeuads afthisinxentiomare gsefulgn tyeatingpr inhibitipg polycystic kidney

4- (2. 4-Di chl oro-phenyl am no) - 6- (2- di met hvl am no- et hoxv) - f

1. 71nanht h@‘ﬁ?*ﬁFﬁ-ﬁBQOié’gf SRS i1e To 250 ng of

4- (2, 45di chl or o- phenyl am no) - 6-fl uoro-[ 1. 7] napht hyri di ne-3carbonitrile
under an inert atnosphere was added 8 nL of 1 M sodium i

( 2di net hyl am noTbe icoxipdundsi of thist inyentibnohay formuldted neatedr mayrke e@mbinediour s,
the reaction, 25 was stripped of tetrahydrofuran and water .wa dde The
br oduct  velp; P g Tofh SBHmage e, aveePplte Famiai b ARREIRERDRA TP om
chl orof or ’% 8, SBIvie ihuenQ M theGilED ab@Shdy B administered orally in such

4- (2, 4-di chl oro-phenyl am no) - 6- ( 2- di met hyl am™o- et hoxy) [ )

1. 7] napht hforinsias aabletsacdpsules,rdispersible poydbisp granoles dor suspensignspoentaining, 9C,;

t me): MH 401.9 _ 30 / 3 -96 21 OCT 2~-3.'
gaG?_/s US 8/0 1& % em-ghout 0.05 to 5% gpsx?s%er?&hslg agent, Syrups contax%mg, for

4- (4- Chl or Q-2+ - h@l - di-Aeis 00 e :
(1. 7inaunt R 08 BAECY0 RSO of Sk QLATIIRIE 2ohahif YK kample; from
4- (4- chl orabot 20 ww 50%pérthmpol, canidrthe like, for parentefdlly7inrthe fidrny of sienidbinjectable

3-carbonitrile under an inert atnosphere was added 8 nL of 1 M sodium (2
di met hy| arSol#iasn abSRERENsipy coptainipg dross abaut. 0.0 te 5% suspsnding AgsntIn Y

pr oduct - eSO HfE mPafnE EEn BhalrEce AL pebiaitns By S8h Ehn, 135 RASBH, ShAE
chl or gbor rdrubeI05hEx &dtut 90%i ofahe Qétivetingrediéht &f combination with the carrier,

4-{4-chzoro-2-fl uoro-phenyl am no) - 6-{2-di net hyl am no- et hoxy) 10
[ 1. 7] naphtmore usualdy betvgeabout 5% and:60% by seighty sol i d: nel ting point

150- 152C, nmss ec m(me): H 383. 9... Exa e (1 :

4- ( 3- Brono- phen@ﬁ%ﬁﬁ?ﬁbﬁc- seép 8Mﬂﬂ{vﬁfpgﬁgﬁg{ 8{‘%{‘919% pay .vﬂng?ﬁﬁnﬂ*ﬂgi H® ne-315
~~~~e __ hfe %Qﬂicm‘:hrféf)m und employed, the mode of administration and the severity of the

4- ( 3- br ono- phenyl am no)p?6-fl uoro-[1.7jnaphthyridine-3carbonitrile under an

i nert at mowpdision being teatedt Hawever, in genesal dsatisfacioay wesuléy | ageriohtrinad whentie) in

t et drofi . Af £l uxi.ng for, 3 h t he ti iluted with
wat er na TR EOPENRS OLbE InvERbe e AdminiNBtE e a i RGee PRASH a6 UF e

duct | {a fdrag ' 9 i ' d 10
56 et hrio) PR LORPmhkeof Bl bl S/AUHE by Byl 1 BvidedUCse IR Ner o
gi ve 100 nigunfimés a2apy arrim symzingd relsasoforfi: (For diostlakgel mainnmale thedeta) diily

1. 7 napht hyti di pe- 3carbonitrile as a yellow solid:, neltin oi nt 138-139C;
mass spectdaEA8Y HHfeym ahR¥Y 14‘911.098 g, prefirably Trom appws 2rig 500 mg. Dosage forms

6- (2- Di net i Ca(A ‘ .
o e B B E A ﬁ??&’ﬁfgﬁ%loﬁgé%gqubbo L compound
6- f | U@50- 4n(iftiywr abtyixdreradthyd sobideonliqaid piarmbcelticilivapdcdptable carrier. This

thyridine-3-carbonitrile under an inert, atnosphere was added 3 nL of | M
sodi um ( 2clasage yesimendnat e adinsied; to pravidarhe optimah therapautic feépwengw or 3

hours) thee){aﬁl%fé,i Seral '6id0h URéS nia?jbe administered daily or the dose may be

>

proportionally reduced as indicated by the exigencies of the therapeutic situation.
The compounds of this invention may be administered orally as well as by
30 intravenous, intramuscular, or subcutaneous routes. Solid carriers include starch,

lactose, dicalcium phosphate, microcrystalline cellulose, sucrose and kaolin, while



21 OCT 20p3 PCT/ US00110250 was diluted with water and the product extracted
five times with chloroform The crude product was purified by flash

chromat ography with 1 % triethyl am ne and 10b net hanol / ghl pgcofoegym f ol | owed
by reﬁby‘ﬁkﬁgxll,i zed fromchloroform ether to give 106 nyPET/US10

6- (2- di et hyl am no- et hoxy) - 4-( 3- hydr oxy- 4- net hyl - phenyl am no)-( 1.7] naph5
thyridine-3-carbonitrile as a yellow sh solid: nelting point 100-180C
(deconposed, effervescence); mass specttum (me): MH 419.9. Example 79
f6-Chloro-nvrldin-3-vl)-carbamc acid, tert-butyl ester 10 To 50 g of

2- chl or o- Siquiid eapiets itichwlei sterlé Gvart, polyethylghe glysols, monrigaic surfactanie Andas

added 30 g of Raney nickel which had beeﬁ washed threetg iﬁes H\%%&%hanol
and t hr ee edible oilgpigh as:99p, Psarit ApESCSaRE Ofi$ 38 J{feFPRIBRMN ch 83 ydr ogen
and the reaction I :,g.tf%ﬁg f 8f fnfiRistatioh &Qired)! ABjuvéhidser the
hydr ogen & %p‘ﬂg’ivé? ngd&@éﬁe ep aceg%gfil1 gftrogen, ?he reacti onju\X/as
filtered tlusRmoRily mpleyanih ife pnemem efl.phatmaqentidalccompasitjpns imak dehy
flash chromat ography on silica gel with ang,ad' ent of ethyl . ts

acet at &khl agventageousty inelnded, ispches fiayaEng agangy: 6P t”@%ﬁ%@gﬁ“ﬁg gy

6- chl or o- pyr,i di.n-.3- yl agi n ' I 14 T This material was
further re%i’&a@ °§§a¥t8ﬁ85ﬁgﬁﬁgy@@ngngfﬁg-8%ﬁ ?)crlg'- pyrijidniaf]ﬁ-%{\yl amne in 200 nL

of nethyl ene chigy pedened pRaimadeigital Corgpasitionsr froni the- standgoindi afsgasoreft e and
15 mL of nethyl amne. After refluxing for 18 hours

{ ., the reacti S
di | ut ed wi prispdratiomaesd aduiinistration @rexsolidiempasitions, PHHFE‘Q#H@??% &B& W\Nas

concent r ot Bed orHaP B0 Farmies: R Bt AES Fodoti BhreRES, | e

and drjged in v bR mdy 1 ®kirdtfle O adihinistet theicomPoynds-directhyta theaci d,
tert2 (%utyl e?@gér&}ﬂfr%ggylzr%ﬁlﬂc; mass spectrum (nfe): MtH 229.0. Exanple
80 5-tert - Bways\in drebformicfanmerogelchl or o- i soni cotini ¢ acid To 13 g of

6- chl or o- pyri djn-3-yl) - carbapi c. aci d.  tent:butyl sester | for30
Lot ramot hyl ot hy P SOIERIHE Sl R senion g i) b paflflersd ool or?

at nospher e, geedys! fsignsSof\thesebadtive | dontpounids wxafresbise eq) .
Aftor the BiEperfib ymgﬁ%ﬂy"é%g’éghs-pegé 21 OCT 2003 PCTNS00/ 10250 was

conpl et e; émghaneacslogicaliyaccaptableesdlt can baprepaced inSwates suitably FEXRASWIth @n
tooled to -78C. Dry i || t bline i d

e valor gt sueh oo rydrey-Propyiosh, IYSeons el ERF HeChErp i UhC

cool ing ba 138%%13' tﬂoq%gﬂl?ﬁgvle@%x#‘;gagécﬁ@%& Whxfirt O HReedfOin"\g7lsN UkieP Grdifiarfyf | ci ent

water was & precipitated product and the resultant
aqueous phasRiteRs ofasdiege int use, thiesdpreparatiorbedmain mpiesérvativetogrevent the
concentrated HClI. The precipitate was filtered, washed with water, and
dried in va®wh phmiroargapisnisy of

5-tert-but oxyca 1 A0 r Ok i I is8Jindiidé€ reMiRSaquees as i s
for the next stzgngggu%%?%%@gﬁpwgf%&?él ow y de(e:orrpsa(%led) . mass
spect raon ( §RGEddsVer depesiond and sterild povildets farOthEzexterhpor@aeous preparation of

5-tent - But oxvcar bonvl am no-2-chl oro-isoni cotinic tﬁCi d. net hg‘lﬁ esfeﬁ%nd To 5.4
g of 5-t enstetiletinjeptablersniytionsi orclispersionsy dn;j all,eAses(the fRrm muyst pe, sERiE 400, ¢

met hanol and 100 of .chl or of.0 . 8 mdeMiid
(trimethyl E]“Isﬂl/% gma?liz't?n@f’ ﬁé??é’?lhﬂii ﬁ%‘\ﬁsﬁ’%@é" ‘é@é% '?%\?\ﬁ?\%%%b%%ctei on to
war m t o anphsifitiodse o€ ndinufRne dasd i stérhge dndr Musiobes preservedohgainsts theer e
renoved and the crude product purified by passing through |l ug of silica

gel with chbomamimting attien pf microorgarisms pedh aschacferiapnd of LAY to
give 5.8 g,(100% of 5:.tert butaxycarhbonyl amd ng-2-chl s LAObbROE aci d,
met hy| 2¢st 8¢ 2 wﬁqnt%-@‘é&f%l 8%‘3"(#}5 gg"é‘%@% %a%ex’ ?'r?lg?@' mﬁb%?. 1.
Ezanpl e 82 65 4z Y akd R PylyktiyRere gl9esiosuitable | mixture@1 ni
of 1.5 M| @%%&#ﬁﬁl‘sgﬁﬁg%@%aggcggl cygﬁoheggegiyi n %9n1_ of 25

t et r ahydr othereof, &id veg8@bleasilss| o y added 1.64 nlL of anhydrous acetonitrile

in 3.4 nL of tetrahydrofuran. After 15, m nutes S d. :
5-t ert - but oxycaFebriif alFaEment &%I eANGE stBﬁi%@Wagfg&%néﬁﬁg?%sc%rb?n 7
of tetr ahygp&gmad if tc‘afnb?naiiuﬁgmﬁr ARerThAituffor fubStane@s for owithvaradigtiemc hed

wth 2 nm aclal "acetic acl he reaction was diluted with eqqti_al
vol umegQof tiedripyl. Thess ather substancessior sadiationdriatmeBs cin be ginsAAt eheame Gt

agueous phase was washed tw ce w. th_ethyl acet . The po 5 i
phases wer differantcimes an the,compaunds of s, M‘Eﬁnﬁla?“g%ﬁ%ﬁee‘fmﬁ@flg&d ﬂggg) [cifg 2&9?? pped

of




WD 00/ 66583 -99 21 oCT 200 PCT/USO00/ 10250 solvent. This material was
further purified by passing through a plug of silica gel2 pdcty sggradi ent of
0- 5% net hanol / chl oroformto give a crude product that vv?,s ﬁ/ ﬁ%soi s for
the f OVOOMNES§3 st ep. The crude product for the previous tgzé A% 0ssol ved
under an inert 5 atnosphere in 10 nL each di nethyl formam de and di net hyl
formam de di nethyl acetal. After 18 hours the volatile solvents were
stripped on a rotary evaporator and tHeproduct was purified by flash
chromat ography with first 5 ~o nmethanol/chloroformuntil the product,
started toeffeattsgnerghend 3Gultrin imprayed efificacyt oron examfple itk cempounsis. of this

Recrystalljzation frqom hexapes containing.,a t.race.qf..chloroformgaye 1.5 g
(6910, twolRVEREQLE SR uged- i &pgxgggwar &g? fmtoue uﬁubltox's such as takol or

1. 7] napht hysidi.pes b & ol S ' hStamid) tinReheBolites280C
(decomose%?%ngg%%s%géﬁéég Irtiéeg%dt?ll ﬁcﬁ@%ﬂé@"‘@s Ey%@bhc& H 20??!.[18.91 Exarr%aelse 83
4- ( 3- Br onogydhe sy I5aldonegradit of | lydeoxiiireal N fmtercdlasers duch rdsoadriamyain v To
650 nmg of 6-chloro-4.-hydroxy-[1. 7] napht hyridi ne-3-carbonitrile under an
inert at noblep@yeinya $OROIRGMETase niLhibitoph o SPEbr 3§s BRBRSHICor P e CAmPtathecingg

hours at r S | in vacuo
and ice- Waﬁdalﬂg’r?&&@gIagég‘?%%%%mgﬁgg%ggf%ﬂ%es ass'}é?ﬁanslr%?ra onate was then
added carefully to a pH of about 8. The chloroform | ayer was washed with
brine, dried with sodiumsulfate, 20 and stripped to give a ¢rude_product.
This material wabef followdng preprosemtative pxamplag show htheygpreparptiony of @l ca
gel with 5%ethyl, agetate/chloroformto give approxi mtely 600 ng of

4, 6-di chl o?%??%.x'gf Rgﬁ‘ﬁﬁlﬂm%&f‘ne- 3-carbonitrile as a yellow sh solid) which
was us in the followi ng step. To the above 600 ny of

4, 6-di chloro-[ 1. 7] napht hyri di ne-3-carbonitrile in 20 25 nL of absol ute
et hanol was added 1 nlL of 3-bronpaniBxampleAfter refl uxing the reaction

under an inert atnosphere for 4 Pur thﬂe react(ilon m xture was cooled to
anbi ent tenperature) diluted M—M‘ = AU product was filtered and
washed with eth [ idk ACYWT Vi, 0 in 40 mL of

4- (_3-bm-pheny?goﬁla‘gg¥-%}-g%¢ﬁ{éor(g[ lik.m?'] r??p%ﬁ%rzgdiwn%- éﬁisc?glrvg%nﬁri |l e as an off
white sol i gtralydrefupaDuriies fitroges and Oocled ¢o - 78AC. r Afftey additioh 866-butyligdurn. VO
00/ 66583 - 100 _  Exanple 84 21 OCT 2003 RCTI .USPO/ 10 53 . ¢

4-1 3y dkox 56t Ml b A4 mmol 2% M Achexane) and-SHRRE fPF &7 finga SUPHBRTIYI ¢ To

1 g of 6-cC =Ny ar OxV.= Vi dogh -3~ Nid L L | each
di et hyl fé(yrrgnéanfna%’eu dén‘g&t #se‘{dh%‘gﬁlﬁggpmﬁsﬁaﬁeﬁoiﬁ%&?r :l"%%géna% Pbg ﬁélsp |nne, 7
nL of 5 trwaefilt¥lediana meheiliyeaavittadd MRSoM0% sulfatit adidunAftierZdvapordtisheof The
reaction was heated at 120C for 18 hours) stripped of solvent, an&@ari fied

by flash ctiesehitiogr hsripsigne svasiexsragied with iethernel e gther soludpp asn i ent.

RocryStal | i Uhibudd RN o8 Bl Rhlra ke YipdRHGH o ! o

4- hydmyy - 64y stRérsohstidn2 0Y957 (B0%) off lan/pro@R6E Wik ioBtdifed3as ai RANIBSMS an/z
melting point 307C 10 (decorrposed); mass spectrum (nfe): MH 268. 0. Exanpl €
85 4-(3- Br b6 M)l ani no) - 6-trinmethvl sil anyl et hvnvl - f

1. 71lnauht hvri di ne- 3carbonitrlle 15 To 500 ny of

4- hydr oxy-6-trinmethyl silanyl et hynyl -[ 1. 7] napht hyri di ne-3

Example 2
4-Dimethylamino-but-2-vnoic acid
25 n-Butyl lithium in hexane (96 mL, 2.5 M in n-hexane) was slowly added to 1-
dimethylamino-2-propyne (20g, 240 mmol) in 100 mL of tetrahydrofuran under

nitrogen. The mixture was stirred for 1 h at -780C, then dry carbon dioxide was pass
through the reaction overnight. The resulting solution was poured into water and
washed with ethyl acetate. The aqueous layer was evaporated under reduced pressure

30 to give the crude acid. The dry acid was dissolved in methanol, and the insoluble salt



carbonitrile under an inezt atnosphere was added 10 nlL of phosphorous

oxychloride. After two hours at reflux, the excess phos?kfod('qug xychl ori de

was remnmoved in vacuo and ice-water) chloroform a tract (g{ g&?l ol, and

agueoWO i6883at ed sodi um bi car bonate were added. The cHSVEFS ayer was

washed with brine, dried with 20 sodi um sul fate) and evaporated to give 626

nmg of crude

4-chl oro-6-trimet hyl silanyl et hynyl - 1?5"} napht hyri di ne-3-carbonitrile as a

yel | owi sh solid, which was used in the follow ng step. To 626 ng_ of

4- chl or o- Bvasremevdd via filtrayoms (The filtrate was zpliectad angdrdrindia -vaeug wgive 1568 in 20

mL of absol ute ethanal added 1 .m._of 3-bro ik | After 25 refl uxing

t he react i%ﬁ-ﬁm@?%}ﬂﬁﬁﬁ?'&%%%ﬂ-&@%?% %S‘Z‘J}J{]ﬁ%areacti on nixture

was cool ed to anbient tenperature) concentrated to 5 nL, diluted with

ether, and the product filtered and washed with ether. IOying in vacuo

yi el ded 500 ng of 4-(3brono-phenyl aExamples3tri net hyl sil anyl et hynyl - [

1. 7] napht hyri di ne-3-carbgpirile as an off wjite sol.id: nelting point 125C

(subl i fed); mass spect r uf! gl D=4 BgRe - W 001 66583 - 101
&

Exanpl e 86 21 _ ' droowise ¢ e of

4-f 3- Br ono- pheﬁ%ﬁ%‘-ﬁéﬁ%&g%%l 4 pﬁnﬁg%mﬁyﬂdg?r%?%‘ylggrggn?ﬁi I eo To 800
my of 4- ( pidip-amsthaxyethyl)amino20g; 150 mmol) whd césim| cartronate 91g, MSHapmol)
thyridine-3-carbonitrile in 20 nL of tetrahydrofuran gt OC under an inert
at mospher dn 35QamL Qf ecgtones The W@W@%E‘F‘ﬁ%ﬁf’%@% nitrogen at room

fluoride/tetra r f, t i t eaction
was di | ut é%meﬁ’?% é%l@gg@f gtsgj%#gpgv%éﬂmfﬁw n@@%gﬁ%&??arﬁﬁgef%yer was
dri ed jpi t rpeordiidie wakfditlval i yanated sslliur icarbentite tsoltionpandi éxtradtetly f | ash
chromat ography on silica gel to give 300 of

. Mg - .
4- ( 3- br onoyitteethyloasetats. - Bhecongpnig| extracty wesg: then evpprrated 30 #iye 40 gt ofiis(2- nel t i ng
poi nt 224C d osed).; Ss_spect [ e .1, 351.1. 21 OCT
208 102 & %Mﬁﬁ% m?%mesfﬁmfsv%%?dﬁa%{ﬁﬁiﬁm a | having the
structure ~2)n-X C=N | wherein: X is cycloalkyl of 3 to 7 carbon atons,
whi ch may be optionally substituted with one or nore alkyl of 1 to 6 carbon
atom groups; or X is pyridinyl, pyrEsampled or Ph; of X is a bicyclic aryl
or bi ﬁclic heteroary, ',9 system of - Q ONE ere the bicyclic
heterdadryl ring cont aFHa= OXY Ao I MaBEASE N, O and S
wherein the bi favﬁ&:gpneﬁmh A" heRhfd (UR Gl 3.$ M 34 Ylhdxafs) Wiy slowlppddednsl | y
nmono-, di-, tri-, Or tetra-substituted with a substituent selected fromthe
group condis(-methoty-athybgprop-2-yoyl-amhine, (18 kgl 405 1.nemeldr Hon & onk, ofl kenyl
of 2-6 carbon atons, alkynyl of 2-6 carbon atons, azido, hydroxyal kyl of

1- 6 car botetsthydrofurha updet Rigrogeal myﬁﬂl}’wwas)\stirze& ferd doat A8SGs then
| k | | .of 2-7 | k f, . 1a { \
PR CT AR e N AT A Y
car boxy, m&k&gﬁé&%&wh@ washé] W ey} ¥BetaleORhe WhEschs Raydrswa) diaporafedl to 6_

carbon at enoxy, phenyl, thiopHenoxy, benzdyl, benzyl, am no,,
al kyl ani nandér fed@cerh poessuret toregivelitbd lepidenacid. The 2dnyoadid was slissolved rin

phenyl am no,  bepzyl am no, kanoyl ami no of . 1-6 car han ons alg}gfn | am no
of 3-8 car%hﬁ-“é’l’éﬁﬂih%wwﬁ%%ﬁ“%ﬁs fgmoye FIB‘BH°%‘?E1?‘FB$%HG§< cﬁ%ﬁ of 2-7
car bon at Qus, ; | B! .rn?)gﬁb -amfHo]bat-SWmoRf acid:
carbon at %Bng, @ﬁﬁg#ﬁ%@:‘%@ %?f %—@'sggr on :g{eg{@ N, N~ di al )ky;‘l am noal kyl

of 3-10 candsespectruR(nZEIMHRIMO3 at oms, N-al kyl am noal koxy of 2-9 carbon
atons, N, N-di al kyl am noal koxy of 3-10 carbon atons, nercapto,

nmet hylzﬁercapto, and benzoyl am no; Pyridinyl, pyrimdinyl, or Ph are
pyridinyl, pyrimdinyl, or phenyl rg%iiess

1-Methvl-4-prop-2-vnyl-piperazine

Propargyl bromide (23.8 g, 200mmol) was added dropwise to a mixwre of 1-
methyl-piperazine (20 g, 200 mmol) and cesium carbonate (65 g, 200 mmol) in 350

rd

30 mL of acetone. The mixture was stired overnight under nitrogen at room

temperature. The inorganic salts were then filtered off, and the solvent was removed.



respectively, which nmay be optionally nono- di-, or tri- gqb@f ed with a
substituent selected fromthe group consisting of hal o e l@%g’bof 1-6

car bwo evé5583 al kenyl of 2-6 carbon atons, al kynyl of CHU at ons,

azi do, hydroxyal kyl of 1-6 carbon atons, hal onethyl, aI koxyrret hyl of 2-7
carbon atons, al kanoyl oxynet hyl of 2-7 carbon atons, al koxy of 1-6 carbon
atons, al kylthio of 1-G carbon atons, 'ﬁ@/droxy trifluoronethyl, cyano,
nitro, carboxy, carboal koxy of 2-7 carbon atons, carboal kyl of 2-7 carbon
atons, berheylesidasiwas disbdlyédiin Isaxumftedlscﬁhmrlbloa:rbanater&plmlloaldnﬁl exdactedof 2 to
12 carbon atoms aI kanoyl am no of 1-6 carbon atons, alkengyl am no of 3-8
carbon at Gl etyk peetatea kg Oreania extragts weébmvam%iwlw 508 98- carbon

atons, car of 1-5 carbon

at ons, I\Ial"%&ﬂg%ﬁg‘% é;y?l“ypﬁpgngmga‘?‘g%%g‘% F{w ani noal kyl of 3-10
carbon atons, N al kyl am noal koxy of 2-9 car bon atoms

N, N- di al kyl am noal koxy of 3-10 carbon atom; nercapt o, methyl mercapto, and
benzoyiam no, Zis -N+, -0, -S, Examm Ris alkyl of 1-6 carbon

atonms, or carboal kyl of ;22 | a dl av&l ent noiety selected
fromthe group G- ~N-~ 4k L RAULKC D &3, and A are

each, independgiBiiyl h'ﬂﬁﬁﬁlqg%xaﬁéakf’ﬁfﬁi Q|5<M 1ﬁ-h&x&e?Wa9%ﬂiﬁdﬂ%d @l kenyl

of 2-6 carbon atoms, al kynyl of 2-6 carbon atons, al kenyl oxy of 2-6 carbon

atoms, al Rymgﬂlykﬁupybp-})&lmmmum 66 g, K&drmn;ﬂlﬁenh@ ;mlh &f deteahiygdrofuran

al kanoyl oxy of 2-6 carbon atons, al kenoyl oxy of 3-8 carbon atons,
al kynoyl onydﬂ‘rmﬁosemaﬂmmwmas stirkednfoy| hiy aet180C, dhenxdry cashasodioxide1l oCT

2003 104 hyl of b al k hyl of
200 cH oS Rasecd ChFiEl, sy Rptiaty ovpraighe The! iRtk Sohiiof asnpoorsd 1, 1Y, ©
atons, al kakdrhify Qhashed %%ﬂgytlgéncg&& ‘Pﬂé%ihﬁéﬂu@h!a D wak " evaBorafeddandert ons,

al kyl suI phonyl of 1-6 carbo al kyl sul f onani do of 1-6 carbon atons,
al kenyl surddnoedrpréssurk t@-givecthe bnrdcant:mhﬁ'he dl'kyclgllvmsldlmohmidn meithapoks apdr bon

car boal ko BHolsble’ salt Wan remoyb Vi BRI Be % wisgheped 2l grigth pon
atons, phenaxy anenyl 8?}%@%@@1%??«:{%%%21/-3 ox@yagfd”‘ﬁi&@ , trum

al koxyam no of 1 car on ato
di al ki3 an{mfe)M-218b. 12 carbon atons, N-al kyl car barmyl

N, Ndi al kyl car banmoyl , N-al kyl - N-al kenyl amno of 4 to 12 carbon atons,

N, Ndi al kenyl am no of 6-12 carbon atons, phenyl am no, benzylam no, R2NH, /
(Q(Rs)2) p~ R7-(C(R6)2) p N~ N(C(%%h% R8R9- CH M (C(Rs) 2) k- Y-,
(C(R?)Z)p R--(Q(Rs)2)9-Y- ~ R7-((( B (C(RS)Z)k Y-~

C(Rs) 2) g- W ( C( Rs) 22 Methoxy-étliyl)-ineth viadming and G4 are not
Y is a divalent radical selecte romt edgroup consi sting of R6 -S-

CH2)a - , Popargylromider{26:82, 2 eracl) wasgddedidroprjisadp 3 mixtuse of N6 ( OR6)

fs a @O:y@%fh%xge@ypé%%g)%ﬁf gﬁgd?% |‘M_§‘éﬁ(a§?)%¥ W&bﬁw%r ougR% ons&t |O:lg

i
of nor phojhnil) it BSONRLPGOAdee. The AMREPE W als rm@dczsveﬁﬂgh:t tnderiteipehi die

S, S-di oxi de, piperidine, pyrrolidine, aziridine, pyridine, imdazole,
1,2,3-tri ame«;mpqrametnammamc rsals&wcae theni filtesed diff cand: Gerselxent was

f t hi qph 3 105 h t.hi
e e S S48 e AL
H; whichg ' :
A i b g et

nono- 23 bs{2-methmty eathyl)-metlyd rprop-2ynigh-aminmed mass spmla*htq(mfa)aMfH 1av- subst ituted
on a saturated carbon with divalent radicals -O or -Q(C(R6)2)s0-;

Het
RZNH,;
(

Example 8
4-[(2-Methoxy-ethyl)-methyl-amino]-but-2-ynoic acid
n-Butyl lithium in hexane (37.8 mL, 2.5 M in n-hexane) was slowly added to
30  (2-methoxy-ethyl)-methyl-prop-2-ynyl-amine (12.0 g, 94.5 mmol) in 90 mL of
tetrahydrofuran under nitrogen. The mixture was stirred for 1 hr at -78°C, then dry



R6 is hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-6 carbon atons,

al kynyl of 2 6 carbon atons, cycloal kyl of 6 carbon atons, COR' where R' is
alkyl - of 1 to 6 carbon atons, carboxyal kyl 2-7 carbon atbmsgmprg@yl, or
phenyl optionally substituted with one or nore hal ogen, al koxy of 1-6

car bon wb@bikesssri f | uoronet hyl, am no, al kyl ami no of 1-3 periysoe/masus,

di al kyl am no of 2-6 carbon atons, nitro, cyano, azido, hal onethyl,

al koxynmet hyl of 2-7 carbon atons, al kanoyl oxynet hyl of 2-7 carbon atons,

al kylthio of 1-6 carbon atons, hydroxy,.gparboxyl, carboal koxy of 2-7 carbon
atonms, phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, phenylam no,

b | ani no, ' f i kyl of. 1-6.carb

otome: it FRRAEARIAT B Raled tardu R a R Tt "I teslling’ QRAYS

ni trogen or pofir&dhtd iwaer ahd Wﬁe@w&ﬁ%%h@&aﬁ@qﬁ@%ﬁoﬁm?g?1wé§ev%%1%€€ded
R R3 OR3~- R3 R3- R3 ., . R3,

fromthe group consisting of O O OR3 :
R3 R3 R3 R3 unden rofced opyesse® 0 rive- thed crgleRacid) Th&ddrr3adik® was @issolved in

-S-S~C-R3)2 ) r~.0 ~ ~C+-R5 -N\ ~ 2 ~ ~C~-Rs O\
Uty 2y v 1 chethhgol and i isolible Salty a3 rotmaled s Tefration. Fhe tipmie windaiered ©
R3 OON Rnddd& f@ ¥achd tdgive 18 g oPAN(EmdthdRy eth1<methyl-dRino]-but-2-ynoic

acid: mass spectrum (m/e): M-H 170.

Example 9
Allyl-methyl-prop-2-ynyl-amine _
10 Propargyl bromide (33.4g, 281mmol) was added dropwise to a mixture of

isopropyl-methyl- amine (20g, 281mmol) atid cesium carbonate’(90g, 28 1mmol)-in -
350mL of acetone. The mixture was stirred ovemnight under nitrogen at room
temperature. The inorganic salts were then filtered off, and the solvent was removed.
The residue was dissolved in saturated sodium bicarbonate solution and extracted
15  with ethyl acetate. The organic extracts were then evaporated to give 4.6g of allyl-
methyl-prop-2-ynyl-amine: mass spectrum (m/e): M+H 110.

Example 10
4-(Allyl-methyl-amino)-but-2-vnoic acid
20 n-Butyl lithium in hexane (16.4 mL, 2.5 M in n-hexane) was slowly added to

allyl-methyl-prop-2-ynyl-amine (4.5 g, 46 mmol) in 50 mL of tetrahydrofuran under

nitrogen. The mixture was stirred for 1 hr at -780C, then dry carbon dioxide was

‘passed throﬁgh the reaction overnight. The resulting solution was poured into water

and washed with ethyl acetate. The aqueous layer was evaporated under reduced
25  pressure to give the crude acid. The dry acid was dissolved in methanol, and the
insoluble salt was removed via filtration. The filtrate was collected and dried in vacuo
to give 4.1 g of 4-(allyl-methyl-amino)-but-2-ynoic acid: mass spectrum (m/e): M-H
152.



107R5802R5R50\QCH2R5R5Q)2CCH2R5R5J(C2 Hz)sJJ(C
H2)s O\ RS C H2 QRs O 21 OCT 2003 O J-(C H2)s 'R5 CH2 1ozRSCHZ
R5 -C HYOQ9068832C R5 R5 CO2Q R3 i s hydrogen, al kyl of 1- &

carboxy, carboal koxy of 1-6 carbon atons, phenyl, COR' where R' i s al kyl of
1 to 6 carbon atonms, (C(Rs)2)p / \ Rr( Rs)Z)P N~ /N(C(Rs)2)r (C(RB)2)p
R--(C(Rs)2)s- , R--(C(Rs)2)p M (C(Rs)2)%¥ R8Rg-CH M (C(Rs)2)r- , or

Het- (C(Rs)2)g-W(C(Rs)2)r RS is hydrogen, alkyl of 1-6 carbon atons,

car boxy, carboal koxy of 1-6 carbon Examp,le])henyl COR' where R' is al kyl of
1 to 6 carbon atons, (C(R6) C( [N-(C(Rs)2)r (C(R6)2)p
R~-(C(Rs)2)s- , R-- (C(RS)Z CAC®(Rg)2)~ , or

Het Rs) 2 ﬁr@ Qﬂ&ﬁ I

(C((RGC§2)3 %%%gﬁ?mgf% s 1n g E if'l E‘Sr?&én c orlne,
fl 3 4iRR or
hygftrjlggﬁ &ﬁaﬁgo_ &Bhﬂ'ﬁa at 0 éngﬂo ot %]tﬂﬁernﬁﬁ"t)g@hk\%s ﬁgdéd gré‘ﬁz%ﬁg@rlgié 8:?2 L
1-4; s & 1px®pangyl=alheldolaxvdr V5 mifi- The miktarecwas Sttreedsamadﬂmanazl 30smih. Lo the a

harmaceuti cal Iy, acceptable salt thereof rovi ded t hat
P StirT & tirred 1¥nxture zﬁ 0°C was added 15.8 g of chloromethylmethyl ether. Stirring was

continued at room temperature over night. The mixture was filtered and the solvent
was removed from the filtrate. The residue was distilled (35-38°C, 4 mm) giving 8.5 g
of a liquid. The distillate was dissolved in 200 mL of ether. The solution was stirred

10 under nitrogen and cooled to -780C as 34.1 mL of 2.5 molar n-butyl lithium in
hexanes was added over 15 min. Stirring was continued for another 1.5 hr. Dry carbon

dioxide was passed over the surface of the stirring reaction mixture as it warmed from

-78 OC to room temperature. The mixture was stirred under a carbon dioxide
atmosphere over night. The mixture was poured into a mixture of 14 mL of
15 hydrochloric acid and 24 mL of water. The organic layer was separated and dried over

magnesium sulfate. The solvent was removed and the residue was maintained at 100

OC at 4 mm for 1 hr giving 10.4 g of 4-methoxymethoxy-but-2-ynoic acid.

Example 12

20 4-Bromo crotonic acid
Using the method of Braun [Giza Braun, J. Am. Chem. Soc. 52, 3167 (1930)],
11.76 mL (17.9 grams 0.1 moles) of methyl 4-bromo crotonate in 32 mL of ethanol
and 93 mL of water was cooled to -11 °C. The reaction was stirred vigorously, and
15.77 g (0.05 moles) of finely powdered barium hydroxide was added portionwise
25 over a period of about an hour. Cooling and vigorous stirring were continued for
about 16 hours. The reaction mixture was then extracted with 100 mL of ether. The
aqueous layer was treated with 2.67 mL (4.91 g; 0.05 moles) of concentrated sulfuric
acid. The resulting mixture was extracted with three 100 mL portions of ether. The
combined ethereal extracts wcre'washcd with 50 mL of brine, then dried over sodium

30 sulfate. The solution was taken to an oil in vacuo . This oil was taken up in about



» when R6 is al kenyl of 2-7 carbon atonms or al kynyl of 2-7 carbon atons, such

al kenyl or al kynyl noiety is bound to a nitrogen or oxy%rﬁ @tro hrough a
sat.urated carbon atom and provided that when R3 is bou t

cannot _be h drogen car boxy, carboal koxy, or COR' V\here(:WUsnmoaB(kyl of lto
6 carB8vy and provided that when Y is -NR6- and R~ i s - NR6R6~ - N(R6) 3
+~ or -NR6(CR6) then g = 2-6; when Mis -O and R~is -OR6 then p = 1-4;
when Y is -NR6- then k = 2-4; when Y |@ O and Mor Wis -O then k = 1-4
when Wi's not a bond with Het bonded through a nltrogen atomthen q = 2-

4
and when Wis a bond with Het bonded t hr anltr t Qm s-Oor
-NR6- t heiOkmL of boiling heptans, F3ving B\ﬁ“&édﬂgg‘ﬂ%ﬂ%W °’Ps "Pﬁ%"%@g‘égﬁ}
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hydr oxyal kyl , al koxy, hal onet hyl , bolﬁ? car boal koxy al kanoyl am no, or
al kenoyl am no, then X can not be a%}rﬁﬂ #}’/ pyrimdinyl, or phenyl ring

that is substituted with @ Wi {hcid- The conmpound
according to claim1 whe pharmaceutical ly
accept abl e sal froth@ispesion3of 604 giomlommbl)acbéﬁ)%l soglium htydadﬂnnZZQ(hml &fn &3

and &g. are hydrogen or a phar naceutlcally accept abl e sal eof. 4 The
conmpound edtrabydrofuran whi0RG was add 302 (1314 mmeld ‘?j’rﬁ‘&}?%ﬁg §’E

6 Ami no- 43?5”%%%%&%?%3[ (ia] 4R o 8 fRoperE A O Rde ‘%”%‘?‘dd@d
( 3- Br ono- f)SthH?(sB browmht fodth RéBpértake, cthexﬁxuirémrﬂliemﬂ atel, thel.

But - 2- yn0| cracld no- phenyl am no) - X -1 1. 8 napht hyri dj
yl]- amn)desoleent(v@asdetnmvedztrﬁd usuduemaérd}&ﬁjedr(&?jé i{+:t48m) qgle'fd ﬁb?. di ne- 3
carbonitrile,

6- Ani no- 49919fl§$$l Higuid, This wes dissedyed im0 ) of siher ad sovled 1 -18°C with -
carboni tri ﬁﬁmg unaeljmtrgggﬁ A0Ris solution was added 39.95 ml (99.9 mmol) of 25Mn-

butyl lithium solution in hexanes dropwise over 15 min. After 1.5 hr, dry carbon

dioxide was bubbled in as the mixture slowly warmed to room temperature. The

15 mixture was maintained in a carbon dioxide atmosphere overnight. To the mixture
was added 100 ml of 3N hydrochloric acid and solid sodium chloride. The organic
layer was separated and dried over magnesium sulfate, The solvent was removed and
the residue was maintained under vacuum giving 11.4 g of the title compound. : mass
spectrum (electrospray, m/e, negative mode): M-H 156.8.

20

Example 14
4-(Methoxymethoxy)-but-2-ynoic acid
To a suspension of 8.2 g (205 mmol) of 60% sodium hydride in 271 ml of
tetrahydrofuran was added dropwise at 0 °C with stirring 10.0 g (178.4 mmol) of

25  propargyl alcohol . After 30 min, 15.8 g (196.2 mmol) of chloromethyimethyl ether
was added. After stirring over the weekend at room temperature, the mixture was
filtered and the solvent was remove. The residue was distilled (35-38 °C, 4mm) to
give 8.54 g of a colorless liquid. This was dissolved in 200 ml of ether and cooled to -
78 °C with stirring under nitrogen. To this solution was added 34.1 ml (85.3 mmol) of

30 2.5 M n-butyl lithium solution in hexanes dropwise over 15 min. After 1.5 hr, dry

carbon dioxide was bubbled in as the mixture slowly warmed to room temperature.
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h. (3-Brono- phenyl am no) - 6-cyano-[ 1. 8] naphthyridin-3-yl]-2-chloro

acetam de, and i. 4-Di nethyl am no-but-2-enoic acid 21 0CT 2003
[ 5- (3- brono- phenyl am no) - 6-cyano [ 1. 8] naphthyridin-3-yl]l-amde _or a
phar me®ORYEE3Y v acceptable salt thereof. 5. The conpoun S@ﬁ&?ﬁh 1, which

is selected fromthe group consisting of a. .
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nitriley or a pharnmaceutically acceptable salt thereof. 6. The conpound of

claiml1l, which is selected fromthe sisting of a.
(3- Brono- phenyl am no) - 6-fl uoro-[ 1. 7i napmeﬁ%/g?i di ne-3-carbonitrile, b.
éth i
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( 3- Brono- phenyl am no)4
Ll _ 6- Al
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But - 2- ynoi 88' 4- ( 3- br ono- phenyl am -3-¢C ano-{h 1. 7] napht h\élri din-6
1]~ an de. 3006 dn¢ SedcnoR ST ROGE bR AN bl A the exfiS R Hlsoirded
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( 3- Br ono- pher-lall am no) - 6- (2- nor pml in-4-yl- g{tzﬁ)??%H]ﬁSg“f‘l‘.”ﬁ rneé% vtcﬂyr'll‘hgi ne- 3-
car boni t r i Iresidye was slurried with methanol and filtered. The filtrate was evaporated and dried
( 3- Br oy- phenyl anmi nQ) - 6-.(2- di an no- et ho - .7].napht hyr,i di,ne3- car bon
itril eEl. Y %‘f‘{?o‘Pcﬁ&Q ?‘9{5 r%&?%ﬁ'my é}q{aﬁ%)l:fl utyr}/mc acid as a
1. 7] napht hypéwh fems fRSOGRENEM (& :
(3-Chl or o-4-fl uoro-phenyl'am nﬂc})(- %‘Eﬁsglglybt-n{e)lwfﬁalpghsf%yri di ne-3
carbonitrile, n.
(2- Di net hyl am no- et hoxy) - 4- (3- hydr o?éy- 4- et hyl - phenyl am no) -[ 1. 7]
napht hyri di ne-3-carbonitrile, o. 4-EXMeL8ni no- but - 2- enoi ¢ aci d
Eg-ngbrﬁlrm-pheRylalmn 3. ot l]-ﬂ Q_ | A Mrbonibtr!![e_,lp.

, 4- Di chl or o- phenyl a —O- = . =3- carbonitrile,

20 A mixture of 4.82 g (41.9 mmol) of S-2-(methoxymethyl)pyrrolidine, 13.7 g

(41.9 mmol) of cesium carbonate and 5.00 g (41.9 mmol) of propargyl bromide in 80
mL of acetone was stirred at 25°C overnight. The reaction was filtered and solvent
was removed from the filtrate. The residue was diluted with a small amount of water
and saturated NaHCO; and extracted with ether. The extract was treated with

25  activated charcoal, dried and evaporated to give 5.93 g of (2S)-2-methoxymethyl-1-
prop-2-ynylpyrrolidine as a yellow orange oil: mass spectrum (electrospray, m/e):
M+H 153.8.
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1.7] napht hyr| di ne-3carbonitrile, r. 21 0CT 2003
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21 O CT 2003 113 16. A pharnaceutical conposition which conprises a
conmpound as

Example 18

3-(1.4-Dioxa-8-azaspiro[4,5]dec-8-vI)but-2-yne
15 A mixture of 10.0 g (69.9 mmol) of 1,4-dioxa-8-azaspiro[4,5]decane, 22.8 g

(69.9 mmol) of cesium carbonate and 8.32 g (69.9 mmol) of propargyl bromide in 165

mL of acetone was stirred overnight at 25 °C. The reaction was filtered and the
filtrate was evaporated to dryness. A small amount of water and saturated NaHCO;
was added to the residue and it was extracted with ether. The ethereal extracts were

20 treated with activated charcoal, dried and evaporated to give 10.8 g of 3-(1,4-dioxa-8-
azaspiro[4,5}dec-8-yl)but-2-yne as a yellow orange oil: mass spectrum (electrospray,
m/e): M+H 181.8.

Example 19

25 2-(2-Chloro-5-nitro-pyridine-3-carbonyl)-3-dimethylamino-acrvlonitrile
A solution of 10.6 g (52.5 mmol) of 3-carboxy-2-chloro-5-nitro pyridine (J.
Med. Chem. 1895, 1992) and 8.86 g (69.8 mmol) of oxalyl chloride was stirred in 200
ml of methylene chloride. About 0.2 ml of N,N-dimethylformamide was added and
the mixture was stirred for 5.5 hr. Solvent is removed and the resulting acid chloride
30 was used without additional purification. The acid chloride was dissolved in 163 ml
of methylene chloride containing 5.55 g (55.5 mmol) of 3-dimethylamineacrylonitrile
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10 N-[5-(3-Bromo-phenylamino ano-[1.8]naphthyridin-3-yl]-2-
chloro-acetamide
To a solution of 0.74 g (2.2 mmol) of 6-amino-4-(3-bromo-phenylamino)-
[1.8]naphthyridine-3-carbonitrile and 0.7 g (5.44 mmol) of disopropylethyl amine in a
7 ml of N-methylpyrrolidone was added with stirring at 0 °C a solution of 0.29 g (2.6
15 mmol) of chloroacetyl chloride in 5 ml of tetrahydrofuran over 5 min. After 1 hrat 0

°C the mixture was warmed to room temperature. The mixture was poured into

saturated sodium bicarbonate. Solid was collected and air dried. The solid was

purified by chromatography on silica gel cluting ﬁth ethyl acetate-methanol mixtures

giving 0.7 g of the title compound as a tan solid: mass spectrum (electrospray, m/e):
20 M+HA416.1,418.1.

Example 29
4-Bromo-2-butenoyl chloride

To a stirred solution of 1239 g (522 mmol) trimethylsilyl-4-bromo-2-
25 butenoate (Synthesis 745, 1983) and 72.9 g (50.3 ml, 676 mmol) of oxalyl chloride
was added 7 drops of DMF. There is a very rapid gas evolution. The mixture is stirred
a total of 4 hrs. The solvent is removed. The product was distilled at 0.4mm . The
fraction distilling at 60-62 °C is collected giving 79.8 g of the title compound as a
pale yellow liquid.
30
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ahine} b

methanol-triethyl amine 40:10:1 to elute 0.49 g of the product which was obtained as
and orange powder: mass spectrum (electrospray, m/e): M+H 450.9,453.0; (M+2H)*
15 226.7,225.8.

Example 31
2-Ethoxy-S-nitropyridine
To anhydrous ethanol (250 ml) were added sodium (2.25g, 97.8 mmol) then
20  2-chloro-5-nitropyridine (15g, 9.46 mmol) under argon. The resulting mixture was
heated at reflux for 10 hrs. After cooling slightly, the mixture was filtered to
remove undissolved particles. The filtrate was condensed by rotary evaporation.
The residue was triturated with abs ethanol (50 ml). The solid was collected by
filtration and dried giving 13.5 g of the product: mp 90-92°C. mass spectrum
25  (electrospray, m/e): 169 (M + H); IR cm-1 : 1600, 1508, 1378, 1290, 1118, 1027;
H-NMR § (CDCls) : 1.431 (3H, t, CH3), 4.512 (2H, q, CH2), 6.800 (1H, d, C3-H),
8.337 (1H, dd, C4-H), 9.068 (1H, d, C5-H). See: Friedman et. al., J. Amer. Che.
Soc., 69, 1947, 1204.
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15 Example 33
6-Ethoxy-4-hydroxyl-[1.5]naphthvridine-3-carbonitrile
A sample of 2-cyano-3-(6-ethoxy-pyridin-3-ylamino)-acrylic acid ethyl
ester was heated at 257 - 259°C (internal temperature) in Dowtherm for 10-12 hrs

K

under nitrogen. After cooling, the reaction mixture was poured into n-hexane. The

20  black solid was collected, and treated with MeOH and CH2Cl2 mixture (1:5). The -
title compound (or tautomer) was collected and dried. mass spectrum (electrospray,
m/e): 215.9 (M + H); IR cm-1 : 3063, 2226; H-NMR § (DMSO-d6) : 1.355 (3H, t,
CH3), 4.412 (2H, q, CH2), 7.244 (1H, d, C7-H), 7.983 (1H, d, C8-H), 8.682 (1H, s,
C2-H), 10.50 (1H, bs, OH).

25 ‘

Example 34
i 4-Chloro-6-ethoxy- [1.S]naphthyridine-3-carbonitrile
A solution of 6-ethoxy-4-hydroxyl-[1.5]naphthyridine-3-carbonitrile (500

mg, mmol) in POCI3 was heated at reflux for 2 hrs under nitrogen. The

30  temperature was reduced to 45 - 50 °C (bath) and heated at this temperature for an
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After cooling the mixture was diluted with water, made basic with NH4OH, and
extracted with CH2CI2. The extracts were washed (Brine), dried (Na2S04), and

BOXY

15  concentrated. The remaining solid was triturated with a mixture of CH,Cl, and
ether, giving the title compound as a yellow solid. mass spectrum (electrospray,
m/e): 370.9 (M + H); IR cm-1 : 3305, 2217; H-NMR § (DMSO-dg) :1.365 (34, ¢, ,
CH3), 4.585 (2H, q, CH2), 7.327 (1H, d, C8-H), 7.395 (2H, m, C4' and C6' Hs in
bromoaniline), 7.503, (1H, m, C5"-H), 7.618 (1H, s, C2'-H), 8.194 (1H, d, C7-H),

20 8.516 (1H, s, C2-H), 9.684 (1H, bs, NH).

Example 36
4-Hydroxyl-[1.5 [naphthm‘dine-?a-carbonitril_e

3-Aminopyridine was heated at reflux with ethyl(ethoxymethylene)cyano-

25  acetate (2 mole eq) in toluene for 10 hrs under argon. After cooling, the white
solid was collected and dried. This material was heated at 255 - 257°C in
Dowtherm for 10 hrs. During this procedure ethanol was removed by distillation.
After cooling, the reaction mixture was poured into a mixture of MeOH and
CH2CI2 (1:2) to remove non-polar material. The title compound was collected and

30  dried. mass spectrum (electrospray, m/e): 171.8 (M+H).
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10% () 105 & evaporation. The residue was pamuaned between ice-water and ethyl

acetate, made basic with (NH4OH), extracted with ethyl acetate. The combined
extracts were washed (brine) and dried (Na2S0O4), and concentrated. The residue
was triturated with ether. The title compound was collected and washed with

15  ether, and dried. mass spectrum (electrospray, m/e): 326.9 (M + H); IR cm-1
3372, 2209; H-NMR & (DMSO-dg) : 7.36 - 7.90 (3H, m, C4' C5'-H and C6' Hs in
bromoaniline), 7.64 (1H, s, C2"-H), 7.94 (1H, dd, C7-H), 8.36 (1H, dd, C8-H), 8.66
(1H, s, C2-H), 8.98 (1H, dd, C6-H), 10.47 (1H, bs, NH).

20 Example 38
3-Morpholinopropanol
To a cooled (0°C, ice bath) solution of morpholine (31.5 ml, 0.36 molé) in
toluene (300 ml) was added 3-bromopropanol (25 g, 0.18 mole) under argon. The
cooling bath was then removed, the resulting mixture was warmed to room
25  temperature, and stirred at room temperature for 1 hr. The mixture was heated at
100°C (bath temperature) for 3 hrs under argon. After cooling, the mixture was
. diluted with ethyl acetate. The organic layer was washed (brine), dried (MgSO4),
and concentrated. The residue was chromatographed (silica gel, elution by 1 : 1
CH2Cl2-hexane) to give the title compound as a clear oil.
30
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109 ()0 (Na2SO4) and concentrated to dryness. The residue was chromatographed (flash
1109 () - SLOWE () - /6I"‘<f _@y! pL! z&10%& ()-1TL! z&10%& () -, I'LO% () - g#10%& (
)- @ 10%&' ()column, silica gel, 10 % ether in CH2CI2) to give the 'title compound mass
spectrum (electrospray, m/e): 267.9 M + H); IR cm-1 : 2955, 1603, 1579, 1515;
H-NMR § (CDCl3) : 1.95-2.05 (2H, m), 2.46-2.54 (6H, m), 3.71-3.74 (4H, m),

4.489 (2H, 1), 6.812 (1H, d, C3-H), 8.49 (1H, dd, C4-H), 9.065 (1H, d, C5-H).

15

acrylic acid ethyl ester
Hydrogenation of 2-(3-morpholin-4-yl-propoxy)-5-nitropyridine (10g,

20  38.54 mmol) with 10 %Pd/C (MeOH) at room temperature under atmospheric
pressure gave 2-(3-morpholin-4-yl-propoxy)-5-aminopyridine (9.2 g,100%). This
was heated at reflux with ethyl(ethoxymethylene)cyanoacetate (13.1 g, 77.4 mmol)
in toluene for 8 hrs under argon. After cooling, the title compound, as a white
solid, was collected and dried. (ca 50 %). mass spectrum (electrospray, m/e): 361.0

25 M+H);IRcm-1: 2214, 1704, 1637.

. Example 41
-[1.5Inaphthyridine-3-carbonitrile

A solution of 2-cyano-3-[6-(3-morpholin-4-yl-propoxy)-pyridin-3-yl-
30  amino]-acrylic acid ethyl ester (10 g) in Dowtherm (200 ml) was heated at 260 °C
(internal temperature) under argon. During the first 8 hrs of heating, ethanol was
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(2H, m), 2.26-2.29 (6H, m), 2.51 (2H, m), 3.49 (2H,m), 4.34 (2H, m), 6.852 (1H, d,
C7-H), 8.147 (1H, d, C8-H) 8.715 (1H, s, C2-H), 11.2 (1H, bs, OH).
10
Example 42
4-Chloro-6-(3-morpholin-4-yl-propoxy)-[1.51naphthyridine-3-carbonitrile
To a suspension of 4-hydroxy-6-(3-morpholin-4-yl-propoxy)-[1.5]naph-
thyridine-3-carbonitrile in anhydrous CH2Cl2 (150 ml) was added oxalyl chloride
15 (2.7 ml, 31.8 mmol) and DMF (0.1ml, 20 %) at room temperature under nitrogen.
' The suspension became a clear dark brown solution. The resulting mixture was
stirred for an édditional 1 hr. The solvent was removed by rotary evaporation. The
residue was dissolved in ice-water mixture, made basic with (NH4OH), and
extracted with CH2Cl2. The extracts were washed (brine), dried (Na2S0O4), and
20  concentrated to give the title compound (400 mg, 38 %). H-NMR & (DMSO-dg) :
1.88 (2H, m), 2.26-2.29 (6H, m), 2.51 (2H, m), 3.49 (2H,m), 4.34 (2H, m), 6.834
(1H, d, C7-H), 8.147 (1H, d, C8-H), 8.711 (1H, s, C2-H).

Example 43

25 4-(3-Hydroxy-4-methyl-phenylamino)-6-(3-morpholin-4-yl-propoxv)-
[1.SInaphthyridine-3-carbonitrile
A mixture of 4-chloro-6-(3-morpholin-4-yl-propoxy)-[1.5]naphthyridine-3-
carbonitrile (400 mg, 1.202 mmol), 5-amino cresol (222mg, 1.8 mmol) and
pyridine HC] salt (208 mg, 1.8 mmol) in ethoxyethanol (20 ml) was heated at
30 reflux for 6 hrs under argon. After cooling, the solvent was removed by rotary

evaporation. The residue was dissolved in ethyl acetate and treated with sat
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5  collected (200 mg, 40 %) and dried. mass spectrum (electrospray, m/e): 420 M +
H); IR cm-1 : 3322, 2226, 1628.

10 3-carbonitnle
A mixture of 4—chloro—6-(3-morphohn-4—yl-propoxy) [1.5]naphthyridine-

3-carbonitrile (700 mg, 2.10 mmol), 3-bromoaniline (0.458 ml, 4.2 mmol) and
pyridine HCI salt (534 mg, 2.2 mmol) in ethoxyethanol (30 mil) was heated at
reflux for 6 hrs under argon. After cooling, the solvent was removed by rotary

15  evaporation. The residue was treated with ice water, made basic with NH40H,
and extracted with ethyl acetate. The combined extracts were washed (sat brine),
dried (Na2504), and concentrated. The oily residue was dissolved in CH2Cl3,
and ether and n-hexane were added to form a solid. The title compound, as a
yellow solid, was collected and dried. mass spectrum (electrospray, m/e): 469.9

20 M+H); IR cm-1: 2224, 1668, 1628; H-NMR § (DMSO-dg) : 1.88 (2H, m), 2.26- -
2.29 (6H, m), 2.51 (2H, m), 3.49 (2H,m), 4.34 (2H, m), 7.110 - 7.311 (3H, m),
7.835 (1H, d, C7-H), 8.240 (1H, d, C8-H), 8.556 (1H, s), 8.721 (1H, s, C2-H),
9.850 (1H, s, NH).

25

‘ [1.5Inaphthyridine-3-carbonitrile

By using the methods outlined above in Examples 39-43 and staring with
2-morpholin-ethanol, the title compound was obtained as a yellow solid. mass
30  spectrum (electrospray, m/e): 405.9 (M + H); IR cm-1 : 2227, 1628; H-NMR §
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10:1710% & (2-mlorpBbliA%édishol, )the Qifle compound was obtained as a yellow solid. mass
10  spectrum (electrospray, m/e): 455.9 (M + H); H-NMR & (DMSO-dg) : 2.44-2.48
(4H, m), 3.40-3.57 (4H, m), 4.226 (2H, m), 4.710 (2H, bs), 7.110 - 7.311 (3H, m),
7.828 (1H, d, C7-H), 8.097 (1H, d, C8-H), 8.556 (1H, 5), 8.706 (1H, s, C2-H), 9.42
(1H, s, NH).

10::

15 Example 47
6-Acetamido-4-hydroxyl-[1.5inaphthyridine-3-carbonitrile
2-Amino-5-nitropyridine was treated with acetic anhydride in dry pyridine
in the presence of 4-dimethylaminopyridine at room temperature for 24 hrs under
argon. The solvent was removed by rotary evaporation. The residue was dissolved
20 in CH7Clp, and ether was added to form a solid. The white solid was collected
and dried giving 2-acetamido-5-nitropyridine. Hydrogenation of this material
using 10 %Pd on C in MeOH at room temperature under atmospheric pressure
gave 2-acetamido-5-aminopyridine.
A solution of 2-acetamido-5-aminopyridine (1.6 g, 10.7 mmol) and
25  ethyl(ethoxymethylene)cyanoacetate (3.6 g, 21.3 mmol) in toluene (S0 ml) was
heated at reflux for 10 hrs under argon. After cooling, the white solid was
collected and dried. A solution of this solid in Dowtherm (250 ml) was heated at
255 - 260 °C for 6 hrs under nitrogen. During this process, ethanol was distilled
off. The mixture was heated at 260 °C for an additional 5 hrs. After cooling, the
30 mixture was poured in hexane. The solid was collected, dissolved in a1 :1

mixture of DMF and ethyl acetate, and ether was added to give the title compound
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A solution of 6-acetamido-4-hydroxyl-[1.5]naphthyridine-3-carbonitrile
(1.0 g, 4.386 mmol) was heated at reflux in POCI3 (20 ml) under nitrogen for 5

hrs. After cooling, the solvent was removed by rotary evaporation. Ice water was
10 added to the black residue, which was cooled (ice bath) and stirred for 1 hr. The
mixture was warmed to room temperature and stirred at room tem-ﬁeritur'c for 1 hr.
The mixture was cooled with ice bath, and made basic with NH4OH. The aqueous
layer was extracted with CH2C12. The combined extracts were washed with water,

dried (Na2S0O4) and concentrated to give the title compound as a dark blue solid
15 (200 mg, 19 %).

A solution of 6-acetamido-4-chloro-{1.5]naphthyridine-3-carbonitrile (200
20 mg, 0.81 mmol), 3-bromoaniline (0.5 ml) and pyridine HCl (188 mg) in -
ethoxyethanol (20 ml) was heated at reflux for 3 hrs. After cooling, the solvent
was removed by rotary evaporation, and the residue was cooled and made basic
with NH4OH. The aqueous layer was extracted with ethyl acetate. The combined
extracts were washed (brine), dried (Na2S04), and concentrated. The residue was
25 chromatographed (flash column, silica gel, CH2Cl2 : ether : MeOH =5:2:0.5)
giving the title compound as a yellow solid (229 mg, 56%). mass spectrum
©  (electrospray, m/e): 341.8 (M + H); IR cm-1 : 2215, 1628; H-NMR 3 (DMSO-dg)
: 6.816 (2H, bs, NH2), 7.093 (1H, d, C7-H), 7.35-7.43 (3H, m), 7.567 (1H, s),
7.931 (1H, d, C8-H), 8.333 (1H, 5, C2-H), 9.236 (1H, s, NH).
30
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with equal volumes of ethyl acetate ‘and hexanes. The pooled organic phases were
washed with brine, dried with anhydrous sodium sulfate, and stripped of the solvents.
10  This crude product was passed through a plug of silica gel with a gradient of 10-30%
ethyl acetate/hexanes and stripped to constant weight on arotary evaporator to give
76 g (84%) of 2-fluoro-5-nitropyridine as an oil, which was used in the following
procedure. |
To 76 g of 2-fluoro-5-nitropyridine in 500 ml of ethyl acetate under nitrogen
15 was added 100 g of Raney nickel which had been washed three times with ethanol
and three times with ethyl acetate. The nitrogen was replaced with hydrogen and the
reaction was allowed to proceed for 18 hours at 30 Ib/in®. After the hydrogen
atmosphere had been replaced by nitrogen, the reaction was filtered through celite and
stripped of solvent. The product was purified by passing through a plug of silica gel
20  with chloroform and recrystallized from chloroform to give 42 g (70%) of 6-fluoro-
pyridin-3-ylamine in two crops as white platelets: melting point 90-91°C; mass

spectrum (m/e): M+H 112.7.

Example 51

25 6-Fluoro-pyridin-3-yl)-carbamic acid. tert-butvl ester

To 40 g of 6-fluoro-pyridin-3-ylamine and 20 mL of t-butanol was added 200
g of warm di-t-butyl dicarbonate. After stirring for 4 hours at 40°C, the reaction was
diluted with hexanes and chilled at -15°C for 18 hours. The crystals was filtered,
washed with hexanes, and dried in vacuo to give 72 g (96%) of (6-fluoro-pyridin-3-
30  yl)-carbamic acid, tert-butyl ester: melting point = 112-113°C; mass spectrum (m/e):

M+H 213.1.
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to -78°C. Dry ice was allowed to sublime in a separate flask and the vapor was

passed over the rapidly stirred reaction mixture while the cooling bath was removed
10  and the reaction allowed to warm to 0°C. Sufficient water was added to dissolve the

precipitated product and the resultant aqueotis phasé was ‘washed twice with' ether

before acidifying with concentrated HCl. The precipitate was filtered, washed with

water, and dried in vacuo to give 21.2 g of 5-tert-butoxycarbonylamino-2-fluoro-

isonicotinic acid, which was used as is for the next step: melting point 240-245°C
15  (decomposed); mass spectrum (negative mode, m/e): M-H 255.2.

Example 53
S-tert-Butoxycarbonylamino-2-fluoro-isonicotinic acid. methyl ester
To 44 g of S-tert-butoxycarbonylamino-2-fluoro-isonicotinic acid in 100 mL
20 of methanol and 300 mL of chloroform at 0°C was added 200 mL of 2 M
(trimethylsilyl)diazomethane in hexanes. After allowing the reaction to warm to
ambient temperature and stirring for 2 hours, the solvents were removed and the crude
product purified by passing through a plug of silica gel with chloroform. The product
was then recrystallized from hexanes to give 326 g (73%) of 5-tert-
25  butoxycarbonylamino-2-fluoro-isonicotinic acid, methyl ester: melting point 104-
105°C (decomposed); mass spectrum (m/e): M+H 270.9.

-carbamic acid, tert-butyl ester
30 To 140 mL of 2.5 M n-butyllithium/hexanes in 300 mL of tetrahydrofuran at -
78°C was slowly added 144 g of anhydrous acetonitrile in 100 mL of
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(he-aqueousophiit e was-washed wise avith e tgy aqgtater 0 The poolnd @rganic phases
wclzgsogas%egl with saturated sodium bicarbonate, dried, and stripped of solvent. This
material was further purified by passing through a plug of silica gel with a gradient of
0-5% methanol/chloroform to give a crude product that was used as is for the
following step. This material can be further purified by recrystallization from
chloroform/hexanes to give a white, crystalline solid: melting point 106-115°C; mass

spectrum (m/e): M+H 279.9.

Example 55
6-Fluoro-4-hydroxy-[1.7Inaphthyridine-3-carbonitrile

The crude product from the previous step was dissolved under an inert
atmosphere in 50 mL each of dimethyl formamide and dimethyl formamide dimethyl
acetal. After 1 hour, 50 mL of 10% water in methanol was added and the volatile
solvents were stripped on a rotary evaporator. This material was purified by flash
chromatography with a gradient of 0-30% methanol/chloroform to give 19 g (85%,
two steps) of 6-fluoro-4-hydroxy-[1.7]naphthyridine-3-carbonitrile as a yellowish
solid: melting point 214-215°C; mass spectrum (negative mode, m/e): M-H 188.1.

Example 56
4-Chloro-6-fluoro-{1.7 |nap' hthyridine-3-carbonitrile
To 10 g of 6-fluoro-4-hydroxy-[1.7Inaphthyridine-3-carbonitrile under an
inert atmosphere in 150 mL of methylene chloride was added 24 mL of oxalyl
chloride followed by 0.4 mL of N,N-dimethyl formamide. After two hours at reflux,
an additional 5 mL of oxalyl chloride and 0.3 mL of N,N-dimethyl formamide was
added. After an additional hour at reflux, the reaction was poured into ice-water and
solid potassium carbonate was added carefully to a pH of about 8. The chloroform

layer was washed with brine, dried with sodium suifate, and stripped to give a crude
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10  under an inert atmosphere for 8 hours, the reaction mixture was cooled to 0°C and the
product was filtered and washed with cold ethanol. Drying in vacuo yielded 2.7 g
(87%) of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbonitrile as an
off-white solid: melting point 185-195°C; mass spectrum (m/e): M+H 343.0, 345.1.

15 Example 58
4-(3-Bromo-phenylamino)-6-(4-methoxy-benzylamino)-[1.7]naphthyridine-3-
carbonitrile
To 1 g of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbo-
nitrile in 25 mL of absolute ethanol was added 2 ml of 4-methoxy-benzylamine. The
20 reaction was refluxed for eight days, stripped of solvents, and passed through a plug
of silica gel with 5% methanol/chloroform. Fractions containing product were pooled
and further purified by flash chromatography on silica gel with a gradient of 1-2%
methanol/chloroform to give 595 mg (45%) of 4-(3-bromo-phenylamino)-6-(4-
methoxy-benzylamino)-{1.7]naphthyridine-3-carbonitrile, which was sufficiently pure
25 for further transformations. The product was recrystallized by dissolving in a
minimum amount of warm chloroform, diluting with ether, and then adding hexanes
to give 195 mg: melting point 82-86°C (decomposed); mass spec&um (m/e): M+H
460.2, 462.2.
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carbonitrile as an off-white solid: melting point 185-190°C (decomposed); mass
10  spectrum (m/e): M+H 340.0, 342.1.

Example 60
6-Amino-4-(4-methoxy-benzylamino)-[1.7]naphthyridine-3-carbonitrile
To 1.3 g of _4-(3-bromo-pbenylamino)-6-ﬂuoro-[l.7]naphthyridinc-3—carbo—
15  nitrile in 20 mL of absolute ethanol was added 5 ml of 4-methoxy-benzylamine. The
reaction was refluxed for six days, stripped of solvents, and passed through a plug of
silica gel with 5% methanol/chloroform. This crude product was dissolved in 10 mL
of chloroform containing 5% anisole and 10 mL of trifluoroacetic acid was added.
After stirring under an inert atmosphere for 20 hours, 10 mL of toluene was added
20 and the solvents stripped on a rotary evaporator. The product was purified by flash
chromatography with a gradient of 0-10% methanol/chloroform. The solid was
extracted with hot, 5% methanol/isopropyl ether and then cooled, filtered, and dried
to give 250 mg of 6-amino-4-(3-bromo—pheny1amino)-[l.7]naphthyridine-3-carbo—
nitrile as an off-white solid. mass spectrum (m/e): M+H 306.2.
25
Example 61
But-2-ynoic acid, [4-(3-bromo-phenviamino)-3-cyano-{1.7]-
naphthyridin-6-yll-amide
To 100 mg of butynoic acid in 5 mL of anhydrous tetrahydrofuran under an
30  inert atmosphere at 0°C was added 0.23 mL on N-methyl morpholine and 0.15 mL of
isobutyl chloroformate. This solution was then added to 150 mg of 6-amino-4-(3-
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3! 1098 %& (mhethylene chloride (6 mL) with one drop of N,N-dimethyl formamide for one hour.
15 The reaction was stripped of solvent and redissolved in 8 mL of anhydrous
tetrahydrofuran. An aliquot of 4 mL of this reagent was added to a solution of 500
mg of 6-amino-4-(3-bromo-phenylamino)-[1.7]naphthyridine-3-carbonitrile in 15 mL
of tetrahydrofuran containing 315 ul. of Hunig’'s base at 0°C. After 2 hours, an
additional 2 mL of acid chloride/tetrahydrofuran was added. After an additional hour,
20  saturated aqueous sodium bicarbonate and chloroform was added and the chloroform
phase dried and stripped to give a crude product that was purified by flash
chromatography with a gradient of ethyl acetate/chloroform, then methanol/-
chloroform to give 360 mg of a one-to-one mixture of 4-bromo-but-2-enoic acid, [4-
(3-bromo-phenylamino)-3-cyano-[1.7]naphthyridin-6-yl]-amide, and 4-chloro-but-2-
25 enoic acid, [4-(3-bromo-phenylamino)-3-cyano-[1.7]naphthyridin-6-yl}-amide. This
material was dissolved in 10 mL of tetrahydrofuran containing 1 mL of N,N-dimethyl
formamide and reacted with 200 mg of NaBr for three days. An aliquot of 2 mL of 1
M dimethyl amine in tetrahydrofuran was then added at 0°C. The reaction was
diluted with saturated aqueous sodium bicarbonate, ice, and chloroform. The organic
30 phase was dried with sodium sulfate, evaporated, and purified by flash
chromatography with a gradient of 5-10% methanol/chloroform to give 190 mg of 4-
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5 Example 63

4-(3-Bromo-phenylamine)-6-(2-morpholino-4-yi-ethylamino)-
[1.7]naphthyridine-3-carbonitrile
To 500 mg of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-3-
carbonitrile in 5 mL of pyridine was added 0.4 mL of N-aminoethyl morpholine. The
10 reaction heated at 80°C for three days, stripped of solvents, and passed through a plug
of silica gel with 5% methanol/chloroform. Fractions containing product were pooled
and further purified by flash chromatography on silica gel with a gradient of 0-5%
methanol/chloroform. Recrystallization from chloroform/hexanes yielded 200 mg of
4-(3-bromo-phenylamino)-6-(2-morpholino-4-yl-ethylamino)-[1.7}naphthyridine-3-
15  carbonitrile: melting point 80-96°C (decomposed); mass spectrum (m/e): M+H 453.0,
455.0.

Example 64

. 4-(3-Bromo-phenylamino)-6-methylamino-[1.7]naphthyridine-3-carbonitrile

20 To 500 mg of 4-(3-bromo-phenylamino)-6-fluoro-{1.7]naphthyridine-3-
carbonitrile in 15 mL of absolute ethanol was added 4 mL of 40% aqueous methyl
amine. The sealed reaction was heated at 90°C for 24 hours, stripped of solvents, and
purified by flash chromatography on silica gel with a gradient of 0-1%
methanol/chloroform  followed by purification by preparative thin-layer

25 chromatography with 5% methanol/chioroform to yield 86 mg of 4-(3-bromo-
phenylamino)-6-methylamino-[1.7]naphthyridine-3-carbonitrile as an amorphous
solid: melting point 250°C (decomposed); mass spectrum (m/e): M+H 354.1, 356.1.
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Example 65

pyridinium fluoride

_ To 200 mg of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-
5 3-carboxiitrile in 5 mL of absolute ethanol was added 200 mg of 4-dimethylamino-
pyridine. The reaction was refluxed for three days before cooling to ambient
temperature and filtering the product which was washed with cold ethanol then ether
and dried to give 290 mg (100%) of 1-[4-(3-bromo-phenylamino)-3-cyano-{1.7]naph-
thyridin-6-y1]-4-dimethylamino-pyridinium fluoride as a white, crystalline solid; mass

10  spectrum (m/e): M 445.0, 447.1. |

Example 66
6-Fluoro-4-(3-hydroxy-4-methvl-phenylamino)-[1.7]naphthyridine-3-carbonitrile
To 1.5 g of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile in 40 mL of
15  absolute ethanol was added 1.1 g of 3-hydroxy-4-methylaniline. After stirring the

reaction under an inert atmosphere for 16 hours, the reaction mixture was poured into

a mixture of brine and saturated aqueous sodium bicarbonate and the resultant crystals
were filtered and washed with water. The product was then recrystallized from
chloroform/ether/hexanes. Drying in vacuo yielded 1.9 g (90%) of 6-fluoro-4-(3-
20  hydroxy-4-methyl-phenylamino)-[1.7]naphthyridine-3-carbonitrile as a yellow
powder: melting point 236-239°C (decomposed); mass spectrum (m/e): M+H 294.9.

Example 6‘7
6-Fluoro-4-(4-phenoxy-phenylamino)-[1.7]naphthyridine-3-carbonitrile
25 To 20 g 'of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile in 50 mL of
methanol was added 2.2 g of 4-phenoxyaniline. After stirring the reaction under an
inert atmosphere for 18 hr, the reaction mixture was poured into a mixture of brine
and saturated aqueous sodium bicarbonate and the resultant crystals filtered and
washed with water. The product was then recrystallized from chloroform/hexanes.
30 Drying in vacuo yielded 2.35 g (69%) of 6-fluoro-4-(4-phenoxy-phenylamino)-
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[1.7]naphthyridine-3-carbonitrile as yellow needles: mcltirig point 211-213°C; mass
spectrum (m/e): M+H 356.9.

Example 68

1.7Inaphthyridine-3-carbonitrile
To 2.0 g of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile in 50 mL of

methanol was added 1.9 g of 2,4-dichloroaniline. After refluxing the reaction under

an inert atmosphere for 2 hours, the reaction mixture was poured into a mixture of
brine and saturated aqueous sodium bicarbonate and the resultant crystals were

10 filtered and washed with water. The product was then recrystallized from
chloroform/hexanes. Drying in vacuo yiclded 2.6 g (80%) of 4-(2,4-dichloro-
phenylamino)-6-fluoro-{1.7]naphthyridine-3-carbonitrile as yellow needles: melting
point 206-208°C; mass spectrum (m/e): M+H 332.8. |

15 Example 69
4-(3-Chloro-4-fluoro-phenylamino)-6-fluoro-{1.7jnaphthyridine-3-carbonitrile
To 600 mg of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile in 15 mL of
absolute ethanol was added 500 mg of 3-chloro-4-fluoroaniline. After refluxing the
reaction under an inert atmosphere for 2 hours, the reaction mixture was poured into a
20  mixture of brine and saturated aqueous sodium bicarbonate and the resultant crystals
were filtered and washed with water. The product was then recrystallized from
chloroform/hexanes. Drying' in vacuo yielded 765 mg (83%) of 4-(3-chloro-4-fluoro-
phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbonitrile as yellow needles: melting
point 108-111°C; mass spectrum (m/e): M+H 316.8.
25
Example 70
4-(4-Chloro-2-fluoro-phenylamino)-6-fluoro-[1.7]naphthvridine-3-carbonitrile
To 3.5 g of 4-chloro-6-fluoro-[1.7Inaphthyridine-3-carbonitrile in 100 mL of
absolute ethanol was added 2.3 mL of 4-chloro-2-fluoroaniline. After stirring the
30 reaction under an inert atmosphere for 24 hours, the reaction mixture was poured into

a mixture of brine and saturated aqueous sodium bicarbonate and the resuitant crystals
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melting point 249-252°C; mass spectrum (m/e): M+H 316.9.

Example 71
4-(4-Chloro-2-fluore-phenoxvy)-6-fluoro-[1.7 Inaphthyridine-3-carbonitrile
An aliquot of 2.8 mL of 4-chloro-2-fluorophenol and 400 mg of powdered
KOH was melted under an inert atmosphere at 100°C until clear. After cooling to

10 60°C, 850 mg of 4-chl§ro—6—ﬂuoro—[1.7]naphthyﬁdinc-3-carboniu'ile was added and
the sides of the flask washed with absolute ethanol. The ethanol was driven off with a
stream of nitrogen over 30 minutes, at which time the reaction was complete. The
reaction was diluted with 0.1 M NaOH and chloroform and the organic layer was
dried with sodium sulfate and evaporated of solvent.

15 The product was then recrystallized from chloroform/ether. Drying in vacuo
yielded 0.9 g (69%) of 4-(4—chloro-2-ﬂuoro-phenoxy)—6-ﬂuoro-[1.7]naphthyridine-3-
carbonitrile as a white solid: melting point 186-188°C; mass spectrum (m/e): M+H
317.8.

20 Example 72

1 M Sodium (2—dimethxlamino-ethoxide) in tetrahvdrofuran

To 2.0 g of NaH in 50 mL of tetrahydrofuran at 0°C under an inert atmosphere
was slowly added 5.0 mL of 2-dimethylamino-ethanol. The solution was allowed to
warm to ambient temperature before use.

25
_ Example 73
6-(2-Dimethylamino-ethoxy ):4-(4-phenoxy-phenylamino)-[1.7]naphthyridine-3-
’ carbonitrile

To 250 mg of 6-fluoro-4-(4-phenoxy-phenylamino)-[1.7]naphthyridine-3-
30 carbonitrile under an inert atmosphere was added 8 mL of 1 M sodium (2-
dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 2 hours, the reaction
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Example 74

4-(3-Chloro-4-fluoro-phenylamino)-6-(2-dimethylamino-ethoxy)-
[1.7]naphthyridine-3-carbonitrile

To 250 mg of 4—(3-chloro—4-ﬂuoro-phcnylamino)—6-ﬂuoro-[1.7]naphthyridine-
3-carbonitrile under an inert atmosphere Was added 8 mL of 1 M sodium (2-
dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 2 hours, the reaction
was stripped of tetrahydrofuran and water was added. The product was filtered,
washed with water, dried, and recrystallized from chloroform/ether/hexanes to give
210 mg (66%) of 4-(3-chloro4-fluoro-phenylamino)-6-(2-dimethylamino-ethoxy)-
[1.7]naphthyridine-3-carbonitrile as a yellow solid: melting point 131-132°C; mass
spectrum (m/e): M+H 386.0.

_ carbonitrile
To 250 mg of 4-(2,4-dichloro-phenylamino)-6-fluoro-[1.7]naphthyridine-3-
carbonitrile under an inert atmosphere was added 8 mL of 1 M sodium (2-
dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 2 hours, the reaction
was stripped of tetrahydrofuran and water was added. The product was filtered,
washed with water, dried, and recrystallized from chloroform/ether/hexanes to give
186 mg (59%) of 4-(2 4-dichloro-phenylamino)-6-(2-dimethylamino-ethoxy)-

[1.7]naphthyridine-3-carbonitrile as a yellow solid: melting point 75-9°C; mass
spectrum (m/e): M+H 401.9.
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4-(4-Chloro-2-ﬂuoro-phenzlamino)-6-(2-dimethxlamino-etho;x)-
- [1.7]naphthyridine-3-carbonitrile

To 250 mg of 4—(4-chloro-2-ﬂuoro-phcnylamino)-6-ﬂuoro-[1.7]naphthyridine-

5  3-carbonitrile under an inert atmosphere was added 8 mL of 1 M sodium (2-

dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 2 hours, the reaction

was stripped of tetrahydrofuran and water was added. The product was filtered,

washed with water, dried, and recrystallized from chloroform/ether/hexanes to give

204 mg (64%) of 4-(4-chloro-2-fluoro-phenylamino)- -6-(2-dimethylamino-ethoxy)-

10 [1.7]naphthyridine-3-carbonitrile as a yellow solid: meltmg point 150-152°C; mass
spectrum (m/e): M+H 385.9. '

Example 77
4-(3-Bromo-phenylamine )-6-(2-dimethylamino-ethoxy )-[1.7Inaphthyridine-3-
15 carbonitrile

To 100 mg of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-3-

carbonitrile under an inert atmosphere was added 3 mL of 1 M sodium (2-

dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 3 hours, the reaction

was diluted with water and the product extracted five times with chloroform. The

20  crude product was purified by flash chromatography with 1% triethyl amine and 10 %

methanol/chloroform followed by recrystallized from chloroform/ether to give 100

mg of 4-(3-bromo-phenylamino)-6-(2-dimethy1amino—ct.hoxy)-[1.7]naphthyn'dine—3-

carbonitrile as a yellow solid: melting point 138-139°C; mass spectrum (nve): M+H
411.9, 413.9.

Example 78

6-(2-Dimethzlamino-ethog)-‘t-gs-hgdroxv—4-methxl-ghenylamino2-
[1.7]naphthyridine-3-carbonitrile

To 160 mg of 6—ﬂuoro-4-(3-hydroxy-4—-methyl-phenylamino)-[1.7]naph-
30  thyridine-3-carbonitrile under an inert atmosphere was added 3 mL of 1 M sodium (2-
dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 3 hours, the reaction
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was diluted with water and the product extracted five tin'1e5 with chloroform. The
crude product was purified by flash chromatography with 1% triethyl amine and 10%
methanol/chloroform followed by recrystallized from chloroform/ether to give 106
mg of 6-(2-dimethylamino-ethoxy)-4-(3-hydroxy-4-methyl-phenylamino)-[1.7]naph-
thyridine-3-carbonitrile as a yellowish solid: melting point 100-180°C (decomposed,
effervescence); mass spectrum (m/e): M+H 419.9.

Example 79
(6-Chloro-pyridin-3-yl)-carbamic acid, tert-butyl ester

To 50 g of 2-chloro-5-nitropyridine in 250 ml of ethyl acetate under nitrogen
was added 30 g of Raney nickel which had been washed three times with ethanol and
three times with ethyl acetate. The nitrogen was replaced with hydrogen and the
reaction was allowed to proceed for 6 hours at 30 b/in®. After the hydrogen
atmosphere had been replaced by nitrogen, the reaction was filtered through celite and
evaporated. The product was purified by flash chromatt‘)graphy on silica gel with a
gradient of ethyl acetate/chloroform followed by methanol/chloroform to give 16 g of
6-chloro-pyridin-3-ylamine as white platelets (Mp 81-2°C). This material was further
reacted as follows.

To 15 g of 6-chloro-pyridin-3-ylamine in 200 mL of methylene chloride was
added 28 g of warm di-t-butyl dicarbonate and 15 mL of triethyl amine. After
refluxing for 18 hours, the reaction was diluted with hexanes and chilled at -15°C for
18 hours. The reaction was filtered and the organic layer was washed with water,
dried, and concentrated. The product was then recrystallized from chloroform/-
hexanes and dried in vacuo to give 14 g of (6-chloro-pyridin-3-yl)-carbamic acid, tert-
butyl ester: mp = 126-127°C; mass spectrum (m/e): M+H 229.0.

Example 80
5-tert-Butoxycarbonylamino-2-chloro-isonicotinic acid
To 13 g of (6-chloro-pyridin-3-yl)-carbamic acid, tert-butyl ester in 24 mL of
tetramethylethylenediamine and 300 mL of ether at -78°C under an inert atmosphere
was added slowly 68 mL of 2.5 M n-butyllithium/hexanes (3 eq). After the addition

10#10# yF
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passed over the rapidly stirred reaction mixture while the cooling bath was removed

and the reaction allowed to warm to 0°C. Sufficient water was added to dissolve the
5  precipitated product and the resultant aqueous phase was washed twice with ether
before acidifying with concentrated HCl. The precipitate was filtered, washed with
water, and dried in vacuo to give 10.9 g of 5-tert-butoxycarbonylamino-2-chloro-
isonicotinic acid, which was used as is for the next step: melting point 250°C and
higher (slowly decomposed); mass spectrum (negative mode, m/e): M-H 271.1.
10
Example 81
S-tert-Butoxycarbonvlamino-2-chlore-isonicotinic acid, methyl ester.
To 5.4 g of 5-tert-butoxycarbonylamino-2-chloro-isonicotinic acid in 50 mL
of methanol and 100 mL of chloroform was at 0°C was added 15 mL of 2 M
15  (trimethylsilyl)diazomethane in hexanes. After allowing the reaction to warm to
ambient temperature and stirring for 2 hours, the solvents were removed and the crude
product purified by passing through a plug of silica gel with chloroform. The product
was then recrystallized from hexanes to give 5.8 g (100%) of S5-tert-
butoxycarbonylamino-2-chloro-isonicotinic acid, methyl ester: mp = 90-96°C
20  (decomposed); mass spectrum (m/e): M+H 287.1.

Example 82
6-Chloro-4-hydroxy-[1.7]naphthyridine.3-carbonitrile

To 21 mL of 1.5 M lithium diisopropylamide/cyclohexanes in 70 mL of

25  tetrahydrofuran at -78°C was slowly added 1.64 mL of anhydrous acetonitrile in 3.4
mL of tetrahydrofuran. After 15 minutes was added 3 g of 5-tert-butoxycarbonyl-
amino-2-chloro-isonicotinic acid, methyl ester in 7 mL of tetrahydrofuran. After a
further 30 minutes, the reaction was quenched with 2 mL of glacial acetic acid. The
reaction was diluted with equal volumes of ethyl acetate and saturated sodium

30  bicarbonate and the aqueous phase was washed twice with ethyl acetate. The pooled
organic phases were washed with saturated sodium bicarbonate, dried, and stripped of
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solvent. This material was further purified by passing through a plug of silica gel
with a gradient of 0-5% methanol/chloroform to give a crude product that was used as

is for the following step.
The crude product for the previous step was dissolved under an inert
5 atmosphere in 10 mL each dimethyl formamide and dimethyl formamide dimethyl
acetal. After 18 hours the volatile solvents were stripped on a rotary evaporator and
the product was purified by flash chromatography with first 5% methanol/chloroform
until the product started to elute, then 30% methanol/chloroform to finish elution.
Recrystallization from hexanes containing a trace of chloroform gave 1.5 g (69%, two
10  steps) of 6-chloro-4-hydroxy-[1.7]naphthyridine-3-carbonitrile as a yellowish solid:
melting point 280°C (decomposed); mass spectrum (negative mode, m/e): M-H 203.9.

Example 83

4-(3-Bromo-phenylamino)-6-chloro-{1.7Inaphthyridine-3-carbonitrile
15 To 650 mg of 6-chloro-4-hydroxy-[1.7Inaphthyridine-3-carbonitrile under an
inert atmosphere was added 20 mL of phosphorous oxychloride. After two hours at
reflux, the excess phosphorous oxychloride was removed in vacuo and ice-water and
chloroform were added. Solid potassium carbonate was then added carefully to a pH
of about 8. The chloroform layer was washed with brine, dried with sodium sulfate,
20  and stripped to give a crude product. This material was further purified by passing it
through a plug of silica gel with 5% ethyl acetate/chloroform to give approximately
600 mg of 4,6-dichloro-[1.7]naphthyridine-3-carbonitrile as a yellowish solid, which

was used in the following step. |
To the above 600 mg of 4,6-dichloro-[1.7]naphthyridine-3-carbonitrile in 20
25 mL of absolute ethanol was added 1 mL of 3-bromoaniline. After refluxing the
reaction under an inert atmosphere for 4 hours, the reaction mixture was cooled to
ambient temperature, diluted with ether, and the product was filtered and washed with
ether. Drying in vacuo yielded 790 mg of 4-(3-bromo-phenylamino)-6-chloro-
[1.7Inaphthyridine-3-carbonitrile as an off-white solid: mp = 220-223°C; mass

30  spectrum (m/e): M+H 359.0, 361.1.
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Example 84 |
4-Hydroxy-6-trimethylisilanylethvnyl-[1.7]naphthyridine-3-carbonitrile

To 1 g of 6-chloro-4-hydroxy-[1.7]naphthyridine-3-carbonitrile in 5 mL each

dimethyl formamide and triethyl amine was added 1 g triphenyl phosphine, 7 mL of

5  trimethylsilanylethyne, and 225 mg of palladium (II) acetate. The reaction was
heated at 120°C for 18 hours, stripped of solvent, and purified by flash
chromatography on silica gel with a methanol/chloroform gradient. Recrystallization

from ethanol containing a small amount of water yielded 690 mg of 4-hydroxy-6-
trimethylsilanylethynyl-[1.7]naphthyridine-3-carbonitrile: melting point 307°C

10  (decomposed); mass spectrum (m/e): M+H 268.0.

Example 85
4-(3-Bromo-phenvlamino)-6-trimethylsilanvlethynyl-[1.7Inaphthyridine-3-
carbonitrile
15 To 500 mg of 4-hydroxy-6-trimethylsilanylethynyl-[1.7]naphthyridine-3-
carbonitrile under an inert atmosphere was added 10 mL of phosphorous oxychloride.
After two hours at reflux, the excess phosphorous oxychloride was removed in vacuo
and ice-water, chloroform, a tract of methanol, and aqueous saturated sodium
bicarbonate were added. The chloroform layer was washed with brine, dred with
20  sodium sulfate, and evaporated to give 626 mg of crude 4-chloro-6-trimethylsilanyl-
ethynyl-[l.7]naphthytidine-3-carboniu'ilé as a yellowish solid, which was used in the
following step.
To 626 mg of 4-chloro-6-trimethylsilanylethynyl-{1.7]naphthyridine-3-
carbonitrile in 20 mL of absolute ethanol was added 1 mL of 3-bromoaniline. After
25  refluxing the reaction under an inert atmosphere for 18 hours, the reaction mixture
was cooled to ambient temperature, concentrated to 5 mL, diluted with ether, and the
product filtered and washed with ether. Drying in vacuo yielded 500 mg of 4-(3-
bromo-phenylamino)-6-trimethylsilanylethynyl-{1.7]naphthyridine-3-carbonitrile  as
an off-white solid: melting point 125°C (sublimed); mass spectrum (m/e): M+H
30 421.1,423.2.
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thyridine-3-carbonitrile in 20 mL of tetrahydrofuran at 0°C under an inert atmosphere
5  was added 2.5 mL of 1 M tetrabutylammonium fluoride/tetrahydrofuran. After 1 hour
at ambient temperature, the reaction was diluted with ethyl acetate and washed with
brine. The organic layer was dried with sodium sulfate and evaporated. The product
was purified by flash chromatography on silica gel to give 300 mg of 4-(3-bromo-
phenylamino)-G-ethynyl-[1.7]naphthyridine-3ocarbonitrile: melting point 224°C

10  (decomposed); mass spectrum (m/e): M+H 349.1, 351.1.
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X is cycloalkyl of 3 to 7 carbon atoms, which may be optionally substituted with one

or more alkyl of 1 to 6 carbon atom groups; or

X is pyridinyl, pyrimidinyl, or Ph; or

X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms, where the
bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S;
wherein the bicyclic aryl or bicyclic heteroaryl ring may be optionally mono-,
di-, tri-, or tetra-substituted with a substituent selected from the group
consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6 carbon
atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxymethyl of
2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon
atoms, COR'' where R" is alkyl of 1 to 6 carbon atoms, phenoxy, phenyl,
thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 carbon atoms,
dialkylamino of 2 to 12 carbon atoms, phenylamino, benzylamino,
alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboalkoxyalkyl of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-

alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon
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3-10 carbon atoms, mercapto, methylmercapto, and benzoylamino;
Z is -NH-, -O-, -S-, or -NR-;
R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;

A” is a diavalent moiety selected from the group

X o

G1, G2, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon

atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, alkenyloxy
of 2-6 carbon atoms, alkynyloxy of 2-6 carbon atoms, hydroxymethyl,
halomethyl, alkanoyloxy of 2-6 carbon atoms, alkenoyloxy of 3-8 carbon

atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon
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with the proviso that G3 and G4 are not R,NH;

Y is a divalent radical selected from the group consisting of

—S— , —(CHp),— , —O0— ,and —N—
R7is -NRgRg, -ORg, -J, -N(Rg)3 *, or -NRg(ORg) ;
M is >NRg, -O-, >N-(C(Rg)2)pNRgRg, or >N-(C(Rg)2)p-ORg;
W is >NRg, -O- or is a bond;
Het is a heterocyclic radical selected from the group consisting of morpholine,
thiomorpholine, thiomorpholine S-oxide, thiomorpholine §,S-dioxide,
piperidine, pyrrolidine, aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-tri-

azole, thiazole, thiazolidine, tetrazole, piperazine, furan, thiophene, tetra-
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Rg is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-

6 carbon atoms, cycloalkyl of 6 carbon atoms, COR'' where R"' is alkyl of 1 to
6 carbon atoms, carboxyalkyl 2-7 carbon atoms, phenyl, or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,
trifluoromethyl, amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6
carbon atoms, nitro, cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkylthio of 1-6 carbon atoms,
hydroxy, carboxyl, carboalkoxy of 2-7 carbon atoms, phenoxy, phenyl,
thiophenoxy, benzoyl, benzyl, phenylamino, benzylamino, alkanoylamino of
1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the proviso that the
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom through a
saturated carbon atom;

R2, is selected from the group consisting of
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, (C(R6)2)p\
R7-(C(R6)2)p"‘N\ /N‘(C(Rs)z)r-
(C(Re)2)p
R7=(C(Rgl)s- . R7.(C(Rg)2)p-M—(C(Rg)2)r-

RgRg-CH-M—(C(Reg)2)r- . or Het-(C(Rg)2)q-W-(C(Rg)2)r
Rg, and Rg are each, independently, -(C(Rg)2):NRgRg, or -(C(R¢)2)r ORg;
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when Rg is alkenyl of 2-7 carbon atoms or alkynyl of 2-7 carbon atoms, such
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom
through a saturated carbon atom;
and provided that
when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or
COR'" where R"' is alkyl of 1 to 6 carbon atoms;
and provided that
when Y is -NRg- and R7 is -NRgRg, -N(Rg)3 *, or -NRg(ORg), then g = 2-6;
when M is -O- and R7 is -ORg then p = 1-4;
when Y is -NRg- then k = 2-4;
when Y is -O- and M or W is -O- thenk = 1-4
when W is not a bond with Het bonded through a nitrogen atom then q = 2-4
and when W is a bond with Het bonded through a nitrogen atom and Y is -O-
or -NRO6-then k =2-4;
and finally provided that

when A” is the moiety
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2.  The compound according to claim 1 wherein Z is -NH- and n =0 or a

pharmaceutically acceptable salt thereof.

3. The compound according to claim 2 wherein G3 and G4 are hydrogen or

a pharmaceutically acceptable salt thereof.

>

The compound of claim 1 which is selected from the group consisting of

(3-Bromo-phenylamino)-6-nitro-[ 1.8 Jnaphthyridine-3-carbonitrile,

ISR

6-Amino-4-(3-bromo-phenylamino)-[1.8naphthyridine-3-carbonitrile,
(3-Bromo-phenylamino)-6-cyano-[ 1.8]naphthyridin-3-yl]-acrylamide,

©

d. But-2-ynoic acid [5-(3-bromo-phenylamino)-6-cyano-[1.8]naphthyridin-3-
yl]-amide,

e. (3-Chloro-4-fluoro-phenylamino)-6-nitro-[1.8naphthyridine-3-
carbonitrile,

f. 6-Amino-4-(3-chloro-4-fluoro-phenylamino)-[1.8naphthyridine-3-

carbonitrile,
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h. (3-Bromo-phenylamino)-6-cyano-[1.8]naphthyridin-3-yl]-2-chloro-
acetamide, and
i. 4-Dimethylamino-but-2-enoic acid [5-(3-bromo-phenylamino)-6-cyano-
[1.8]naphthyridin-3-yl]-amide, or a pharmaceutically acceptable salt
thereof.

5.  The compound of claim 1, which is selected from the group consisting of

(3-Bromo-phenylamino)-6-ethoxy-[ 1.5 Jnaphthyridine-3-carbonitrile,

IS

(3-Bromo-phenylamino)-[ 1.5]naphthyridine-3-carbonitrile,

134

6-Amino-4-(3-bromo-phenylamino)-[1.5]naphthyridine-3-carbonitrile,

e

(3-Hydroxy-4-methyl-phenylamino)-6-(3-morpholin-4-yl-propoxy)-

[1.5naphthyridine-3-carbonitrile,

e. (3-Bromo-phenylamino)-6-(3-morpholin-4-yl-propoxy)-[1.5]naph-
thyridine-3-carbonitrile,

f. (3-Hydroxy-4-methyl-phenylamino)-6-(2-morpholin-4-yl-ethoxy)-[1.5]-
naphthyridine-3-carbonitrile, and

g. (3-Bromo-phenylamino)-6-(2-morpholin-4-yl-ethoxy)-[1.5]naphthyridine-

3-carbonitrile, or a pharmaceutically acceptable salt thereof.

6. The compound of claim 1, which is selected from the group consisting of

a. (3-Bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbonitrile,

b. (3-Bromo-phenylamino)-6-(4-methoxy-benzylamino)-[1.7]naphthyridine-
3-carbonitrile,

c. 6-Amino-4-(3-bromo-phenylamino)-[1.7]naphthyridine-3-carbonitrile,

d. (3-Bromo-phenylamino)-6-methylamino-[1.7]naphthyridine-3-carbonitrile,

e. (3-Bromo-phenylamino)-6-chloro-{1.7]naphthyridine-3-carbonitrile,

f. (3-Bromo-phenylamino)-6-trimethylsilanylethynyl-[1.7]naphthyridine-3-

carbonitrile,



" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxy%{dc} ~

| " #$9&' () *+, -./0123456789: ; T 2003
<=>? @\BCDEFGHI JKLMNOPORSTUVWKYZ[\ ] * _" abg¢gdef ghi j kI mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFCH JKLI\/NCPQ?STU\/V\XYZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~

" #$UR' ()*+,-./0123456789:

<=>? @A\BCDEFGHI JKL ~
RSO ()] mW%MﬁM@ -6eRFRA- g 7]nsb ARG S BLOAYBONTLl S,

<=>? @\BCDEFGH! J KLNN(B?(GRS}TM/\XMZ[[A](B@Tmbo@hergmmmb)fﬁwﬁlmcsiluY/]mMZl{l)IT}dm-@
| " #$UR' () *+, -./0123456789; :

<=>? @\BCDEFGHI JKLwdihﬁS‘ﬁ&N\XYZ[\]A_‘ abcdef ghi j kI mopqr st uvwxyz{|}~
P"H#SUR' ()*+, -./0123456789. - )3 1 hthvridin- -
<=>? G\BCDEFGHI J KL@N@%E{%%W@?WFWT‘%SCC R PRy i N ey Py
" #$9&' () *+, - . / 01234n61d8Pyridinium,

<= >’>@\BCDEFGHI JKLMNOPORSTUVWKYZ[ \ | ~ abcdef?1 j kI rmopqr st uvwxyz{|}~
| "#$9R' ()*+,-./0 1P 348d3rgmo-phenylaming)-6-(2-morpholin-4-yl-ethylamino)-[1.7]naph-

<= >’>@\BCDEFG—|I JKLNN%WIMH&H& abcdef ghi j kIl mopqgr st uvwxyz{| } ~
k. (3-Bromo-phenylamino)-6-(2-dimethylamino-ethoxy)-[1.7]naphthyridine-

3-carbonitrile,
.  6-Fluoro-4-(3-hydroxy-4-methyl-phenylamino)-[1.7]naphthyridine-3-
carbonitrile,
m. (3-Chloro-4-fluoro-phenylamino)-6-fluoro-[1.7naphthyridine-3-
carbonitrile,
n. (2-Dimethylamino-ethoxy)-4-(3-hydroxy-4-methyl-phenylamino)-[1.7]-
naphthyridine-3-carbonitrile,
0. 4-Dimethylamino-but-2-enoic acid [4-(3-bromo-phenylamino)-3-cyano-
[1.7]naphthyridine-3-carbonitrile,
p. (2,4-Dichloro-phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbonitrile,
q. (4-Chloro-2-fluoro-phenylamino)-6-fluoro-[1.7naphthyridine-3-
carbonitrile,
r. (3-Chloro-4-fluoro-phenylamino)-6-(2-dimethylamino-ethoxy)-[1.7]naph-
thyridine-3-carbonitrile,
s. (2,4-Dichloro-phenylamino)-6-(2-dimethylamino-ethoxy)-[1.7]naph-
thyridine-3-carbonitrile, and
t.  (4-Chloro-2-fluoro-phenylamino)-6-(2-dimethylamino-ethoxy)-[1.7]naph-

thyridine-3-carbonitrile, or a pharmaceutically acceptable salt thereof.

7. Use of a compound as claimed in any one of claims 1 to 6 in the
preparation of a medicament for inhibiting the effects of a deregulated protein

tyrosine kinase in a mammal.
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8. Use of a compound as claimed in any one of claims 1 to 6 in the
preparation of a medicament for treating, inhibiting the growth of or eradicating

neoplasms in a mammal.

9. The use according to claim 8 wherein the neoplasm expresses EGFR or

erbB2 (Her2).

10. The use according to claim 8 wherein the neoplasm depends, at least in

part, on the MAPK pathway.

11.  The use according to claim 8 wherein the neoplasm depends, at least in
part, on the ECK/LERK-1 pathway.

12. The use according to claim 8 wherein the neoplasm depends, at least in

part, on the VEGF/KDR pathway.

13. The use according to claim 8 wherein the neoplasm is selected from the
group consisting of breast, kidney, bladder, mouth, larynx, esophagus, stomach,

colon, ovary, and lung.

14.  Use of a compound as claimed in any one of claims 1 to 6 in the
preparation of a medicament for treating, inhibiting the progression of or eradicating

polycycstic kidney disease in a mammal.

15.  Use of a compound as claimed in any one of claims 1 to 6 in the
preparation of a medicament for treating, inhibiting the progression of or eradicating

colonic polyps in a mammal.
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16. A pharmaceutical composition which comprises a compound as

claimed in any one of claims 1 to 6 and a pharmaceutically acceptable carrier.



