WO 2004/ 048377 PCT/ US2003/ 036806 TITLE OF THE
I NVENTI ON METHOD OF PREPARI NG | NHI BI TORS OF
WORHOSPHMAEDI ESTERASE- 4 BACKGROUND OF THE | NVENTP@MUS2003/036806
FI ELD OF THE | NVENTI ON The present invention is
directed to a nmethod of preparing inhibitors of
phosphodi esterase-4. In particular, this invention
relates to a nethod of preparing conpounds that are
bi aryl substituted 1,8-naphthyridin-4(1FD-oEes. 10
RELATED BACKGROUND Hor nones are conpounds that
TIT@rQ%@W@HONeI lular activity. In many respects,

METHO® 0FPRERA RINGENSERIEIRS OF BHOSRHODIBSTERASE-4
cellular responses and activities. Many effects

produced by hornones, however, are not caused by the
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hornmone first binds to a receptor, thereby triggering
the rel ease of a second conpound that goes on to

FIERPrQETHENN \CENTIMMr activity. In this scenario, the
hor mone : . £ ' . . ‘
cocond. oo pehfingenidh 16 it o TRREARIEE iU hifitprs of

phosphedisstierse o At pHéis Pk tiais {nygBiRsTetes3o 2 rseth@lg@ﬂ preparing compounds

~ that HRISIRRD Subkateed 1,8 ANPhthPiidin Y EATj-6ne@MP") is known as a

second nessenger for hornones including epinephrine,
gl ucagon, calcitonin, 20 corticotrophin, |ipotropin,
REIATEDBACKGRWUNDne, norepi nephrine, parathyroid

hor rome gl s o S, D8RP 0 gy, dngyn oo,
hormepasgaieas. mesggrgerscio ANgeca spesifineeti lates sespendes hud agtiyitiesn My effects
prodied BY h&forRE HoMeh &) &f¥irlot 8iuied B ARRIAMNIL %f‘t@ft%‘f@fst the hormone.

P are famly of enzymes that metabpolize 3, 5
Inst%ﬁu Fq\gé)mﬁa%ff Rt s (o atesepion, deedyitassms shnisisapmeleassecond
cordpbenicibyt o2k whnebifed it dRuke sanatyMes 8ROgRAardS tRCRdritohy is known as
the f?rs AL Ie%gegﬁéggaﬁ%%gggé gdc’rt}g%%?ﬁelé caﬁﬂasﬂ'?ehsoe%r?cf rtngsrs{é}rsfgee_r.4 Cyclic
adenosine moriophosphate (adenosine 3’, 5’-cyclic monophosphate, “cAMP” or “cyclic AMP”)
is known as a second messenger for hormones including epinephrine, glucagon, calcitonin, .
corticotrophin, lipotropin, luteinizing hormone, norepinephrine, parathyroid hormone, thyroid-
stimulating hormone, and vasopressin. Thus, cAMP mediates cellular responses to hormones.
Cyclic AMP also mediates cellular responses to various neurotransmitters. '
Phosphodiesterases (“PDE”) are a family of enzymes that metabolize 3°, 5’ cyclic
nucleotides to 5’ nucleoside monophosphates, thereby terminating cAMP second messenger
activity. A particular phosphodiesterase, phosphodiesterase-4 (“PDE4”, also known as “PDE-
IV’), which is a high affinity, cAMP specific, type IV PDE, has generated interest as potential
targets for the development of novel anti-asthmatic and anti-inflammatory compounds. PDE4 is
known to exist as at lease four isoenzymes, each of which is encoded by a distinct gene. Each of
the four known PDE4 gene products is believed to play varying roles in allergic and/or
inflammatory responses. Thus, it is believed that inhibition of PDE4, particularly the specific
PDE4 isoforms that produce detrimental responses, can beneficially affect allergy and
inflammation symptoms. It would be desirable to provide novel compounds and compositions
that inhibit PDE4 activity. '
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V'), which is a high affinity, cAMP specific, type IV
PDE, has generated interest as potential targets for

wao b@4aesset opnent of novel anti-asthmatic and PCT/US2003/036806
anti-inflammatory conpounds. PDE4 is known to-exist
as at |ease four isoenzynmes, each of which is encoded
by a distinct gene. Each of the four known PDE4 gene
products is believed to play varying roles in allergic
and/or 30 inflamuatory responses. Thus, it is believed
-that inhibition of PDE4, particul arl the pecific
PDE4 i sdf Baies Conesm With discise 96 PPEAaRk 1t048e%@§r$55@seffe@faqf emesis

whiddeR e abseweaffbeeteai éa%ﬂﬁMte%% ohdd ANI¥B¢AHRA in C.Burnouf et al.,

CBEHRED e Rin Dol St gﬂéf‘?hi({ﬁ?@ﬁrfgﬁdl%ﬁggglelBr J.Pharmacol.,

118:4¢83-1191(1996); MO. Wt@ﬂ%ﬂ?BB@ﬁérMS?z@ﬁBst&@ﬁQé 133(1@aspr

S ESRERHAAI U 1080 300 T U ol e v
varigiindif dle sevetypd ﬂmgldasradb&fad@ tfatts &Khdblﬁdrhyomﬁoﬁ camhpounds. As

desch Eiwrm% E‘I]f%l%lg o] B?z{g) zgghgmgfozca%% -342(1998) and D.Spina et al., Adv.

In lewmé ﬁﬁ@g&? @%?é) therq 1 great injerest apgl reseauely pf @m@wém PDE4
inhiBt@phys., 29:113-132(1998); 5 S.B. Christensen et al.

J. Med. 41:821- 199 u f descr.i be
Che wi aGtepyion PRRTR ol 8@’&9%%8 I %ﬂ&g@ﬁlp%wse@m
inhilsitte BfdreationalcBRaiert iPhbHcdniyn WdODOUA/ Oami&pmbad ﬁ -aryhsl ,8-|naphthyhd1n-4 one
uslay et al., Adv. |In Pharnacol.,
dem?f‘jl%%%b@g% %g%fg ga_lkr)]d D. )épl na et al., Adv. 1In
Ph ar mac &4-H; Co:pl;, &31.80 Cho8sJoc. A3 T(1943) eestribastganmest-
glnﬁ&%@r Ot ufn@ﬁﬁ@@&ﬁ#é&d?%ﬁeséﬁﬂ%ﬂ% fer gxana& tal., J.Org.

Cheauﬁéﬁ? 20 R200oBSEY Kihapebo s i sy s LEAR20-

5325{@93)9@&”@&M&&BQZR&J‘}J@@QMMSOC 114(17):6940-6941(1992).
1-aryl - derival

i nhibit éfroglpoﬁg% tg%tdﬂgu‘ée( mégela sygtem&ﬁgarﬁ : é‘ﬁ{éd%y Vanoés investigators as
effectivd fdrl Y are430f tHempies bebutilivsnFopyrantplé, dnienatiome Patent Publication

No. §6 9?/2@§§§‘%skﬁ§es E@%%%d@iﬁ@%@%@@%%@ﬁ@gg%\@ﬁ&? Publication

No. %ﬁéb@%anddﬂ % PagenNosch6iP,7 091G ard)5, BE 24 1describe substituted
benzoylguanidine sodium channel blockers, U.S. Patent No. 5,736,297 describes ring systems

useful as a photosensitive composition.

U.S. Patent Nos. 5,491,147, 5,608,070, 5,622,977, 5,739,144, 5,776,958,
5,780,477, 5,786,354, 5,798,373, 5,849,770, 5,859,034, 5,866,593, 5,891,896, and International
Patent Publication WO 95/35283 describe PDE4 inhibitors that are tri-substituted aryl or
heteroaryl phenyl derivatives. U.S. Patent No. 5,580,888 describes PDE4 inhibitors that are
styryl derivatives. U.S. Patent No. 5,550,137 describes PDE4 inhibitors that are
phenylaminocarbonyl derivatives. U.S. Patent No. 5,340,827 describes PDE4 inhibitors that are
phenylcarboxamide compounds. U.S. Patent No. 5,780,478 describes PDE4 inhibitors that are
tetra-substituted phenyl derivatives. International Patent Publication WO 96/00215 describes
substituted oxime derivatives useful as PDE4 inhibitors. U.S. Patent No. 5,633,257 describes
PDEA4 inhibitors that are cyclo(alkyl and alkenyl)phenyl-alkenyl (aryl and heteroaryl)
compounds.
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114(17):6940-6941(1992). Conpounds that include ringed
wGeyBHess7ar e descri bed by various investi gat orBCEES2003/036806

effective for a variety of therapies and utilities.

For exanple, International Patent Publication No. WO

98/ 25883 descri bes ket obenzam des as cal pain

i nhi bitors, European Patent Publication 20 No. EP

811610 and U.S. Patent Nos. 5,679,712, 5,693,672 and
747,541 describe substituted benzoylguanldlne

SUW&RXTQ INVENTIRN s, U.S. Patent No. 5,736, 297

des cri besorel 3 e(ﬁytﬁé ﬁféEent wsehtibn RsdiRcRled 98O SbtirhdtBod of preparing

' intergle os'g%l'fgnguh;ys W taergtu‘?egb Islgggélér?%lin}}g%fogﬁﬁ P oépqqogiesterase 4:

5,786, 354, 5,798,373, 5,849,770, 5,859, 034, 5,866,593,

5,891,896, and International 25 Patent Publication WO

95/ 35283 descri be PDE4 inhi bQtor® that are

tri-substituted aryl or | phenyl derivatives.

U.S. Patent No. 5,580, eRDE4 inhibitors -

that are styryl deriy t|v s. U S Patent No.

5,550, 137 descri bes P NDitors that are

phenyl am nocar bonyl derivatives. U. S. Patent No.

5, 340, 827 descri bes PDE4 |nth|tors that are

phenyl car boxam de conpounds. U.S. Patent No. 5,780,478

descri bes PDE4 inhibitors thav are 30

tetra-substituted phenyl derivatives. Internationa

Pat ent Publication WO 96/ 00215 descri bes substituted

oxi me dbra sea;pnd/ aspecis Hleiresgnt iRDEdionrinTeyitipn issdiragted, to a method of
prepadt £8m oA A, DIEREE bR Ta DEzREﬂlch Bfy 1Qh11bﬁf)1% of tﬁﬁ@)sphodlesterase—

are cycl (a kyI and alkenyl)phenyl al kenyl (aryl and

heteroaryl) conpounds: -2 WO 2004/ 048377

PCT/ US2003/ 036806 SUMMARY OF THE | NVENTION I n one

aspect, tige pr@sent jnvention is directegyto @ one pot

met hod of |prep YIEQCN nt er medi at es of For | al}| V.
are s ng i nhibitors of
pho pho |esﬂ rasd-4: O O (X)oR1

x -0
\ N \N
IX e IXa

Inhibitors of phosphodiesterase-4 have been shown to be useful in the treatment in

Py

mammals of, for example, asthma, chronic bronchitis, chronic obstructive pulmonary disease
(COPD), eosinophilic granuloma, psoriasis and other benign or malignant proliferative skin
diseases, endotoxic shock (and associated conditions such as laminitis and colic in horses), septic
shock, ulcerative colitis, Crohn’s disease, reperfusion injury of the myocardium and brain,
inflammatory arthritis, osteoporosis, chronic glomerulonephritis, atopic dermatitis, urticaria,
adult respiratory distress syndrome, infant respiratory distress syndrome, chronic obstructive

pulmonary disease in animals, diabetes insipidus, allergic rhinitis, allergic conjunctivitis, vernal

-3-
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NN13 5 R V In a second aspect, the present

invention invention is directed to a nethod of
w@e@pass3nyg conpounds of Fornula | X and For nul aP@dMES2003/036806

whi ch are inhibitors, of phosphodi esterase- 10-4:- OO

OOl I HI HNNNN~N+1ION IX 1| /, IXa Inhibitors

of phosphodi esterase-4 have been shown to be useful in

the treatnent in 15 manmmls of, for exanple, asthmm,

chronic bronchitis, chronic obstructive pul monary

di sease (COPD), e03|noph|I|c granul oma, psoriasis and
conjgn¢ibiitis exeEM resteneaisi yhernsclgrpgis.inearogeiio énflgoimation, pain, cough,
rheu%a‘fcﬁé%ﬁﬁmtlﬁ %Q@l@@ihg sﬂ?ﬁﬂftlﬁ %ﬁﬁjsp@a%% ?ﬁécﬁ‘ﬁ)ﬁ dng eRg \'}érﬁiggzl?st disease,

such anlnl i.s and colic in"hors
hyPIRCEIRRIof GLB Atiflsbacterigh fungahipicwsd @duﬁ%dp@@pﬁla of gpiic shodk,

mﬂdnﬁhamn @i ctyhmﬁwme@méd@m&mlsl@ﬁ@d nerbfibil, dEWBABitis, cancer,
hritis OStea Oorosi s chroni c. onerulon

coct kIS e BOEST i s o P e, scute
chrodicstenssisganerative WMOrdemé with infEspnsatatyoroynehinsiits d2skinson disease,

Alzl?e\illﬂgr" fﬁ@ea&g @@H{%gm‘?g%h%}%ﬁéa&%gﬁ% Hﬂgﬁé clgx!o 1§ atﬁ%ohpgrowth and
cancarquemg\{aeloc@ﬁpgmalmmem ver nal -3 VO 2004/ 048377

PCT/ US2003/ 036806 conjunctivitis, arterial

restenosi s, atherasclerosis, neurogenic inflanmtion,

DEWD %Eﬁ&ﬁmm%%ﬁél\fm@ s, ankyl osi ng
spondy! i bse eﬁlb@iiﬁlﬁht&ﬁé pfePhR@fibh Gﬂc@ﬁﬁbu@ﬂﬁﬁi Fot@{u$X may begin with

f d,
the SRR IR tgEr STFPEMIE Natced sepsi s or septic

shock,
O O
| X | OR!
=

N N
}e
A%

wherein

-OR! is a suitable leaving group such as those disclosed in standard texts, such as:
Protective Groups in Organic Synthesis, 2" edition, by Theodora W. Greene and Peter G M.

Wauts (1991) and Protecting Groups, by Philip J, Kocienski (1994). For example, Rl may be an
optionally C1-galkyl, aryl, heteroaryl, wherein the substituents are selected from the group

consisting of aryl, C1-§ alkyl;

R3is C1-8alkyl, aryl or heteroaryl, optionally mono, di-, tri- or tetra-substituted
with Halo, B(OH)2, —C=CH, aryl, heteroaryl, C1-10alkyl, alkoxy, ketone, alcohol, triflate,
mesylate, amide, ester, ketone, acetal, phosphate, stannane, silyl, B(OR)2 wherein R is Cj.
galkyl or aryl;



i nfl ammati on and cyt oki ne-nedi ated chronic tissue
degeneration, osteoarthritis, cancer, 5 cachexia,
wOor@al€83nast i ng, depressi on, nenory i npair ment PCT/US2003/036806

nonopol ar depression, acute and chronic
neur odegenerative disorders with inflammtory
conponents, Parkinson disease, Al zheiner's disease,
spinal cord trauma, head injury, multiple sclerosis,
tunmour growt h and cancerous invasion of nornm
ti ssues. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n

- compmgingnbodi ment t he preparation of conpounds of Formul a

| X may ' ' .
of For miiteh U Meone MG REIPRRC Pyt A B Hoputa
is a suitable | eaving group such as those disclosed in
standard texts, such as: Protective Goups in Oganic
Synt hesi s, 2nd edition, by eod@ﬁa W G eene and
Peter GM Wits (1991) and G%Qréctlng G oups, by
Philip J, Kocienski (1994)f For exanple, Rl may be an
20 optlonally Cl_8al kyl, atyl,pheteroaryl,. wherein the
~substituents are sel ected frm t he group consisting

of aryl, C1 8 alkyl; R3 is q¥;8alkyl aryl or
heteroaryl, optionally nono, di-, tri- or
tetra-substituted wth Hal B(OH) 2, -CECH, aryl,
het eroaryl, Cl_10al kyl,  al koxy, ketone, al cohol,
triflate, nesylate, anmde, ester, ketone, acetal,

5 phosphat e, stannane, silyl, B(OR)2 wherein Ris Cl_ 25

whed@hkyl or aryl
R2 is each independently C1-galkyl, optionally mono or di-substituted with C1.
galkyl, such as methyl or ethyl, or aryl, such as phenyl or heteroaryl;

10 with a compound of Formula I in the presence of a base:

0
W

N~ "R*

wherein
15 R4is bromo or chloro,
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-4 WD 2004/ 048377 PCT/ US2003/ 036806 conprising Step
A. reacting, in a non-nucleophilic solvent, a conpound
wWo@btookossszi a 11: O 11 'RI CO R2 N~ 2 11 5Srauresmn3in3es06

R2 is each independently Cl-8alkyl, optionally nono or

di -substituted with Cl- 8al kyl, such as nethyl or

ethyl, or aryl, such as phenyl or heteroaryl; 10 with

a conmpound of Forrmula | in the presence of a base: O

Na 11 R4 wherein 15 R4 is brom or chloro, -5 WD

2004/ 048377 PCT/ US2003/ 036806 to yield a conpound of

to yidtd a ooingoyrd of Kormula III.

2 Lo
I T
/RZ
N o N
R2
I

and,
Step B: reacting, in énon—nucleophilic solvent, a compound of Formula ITT

with an amine compound of Formula IV

R3—NH,
A%

in the presence of a base to yield a compound of Formula V.

The definition for the non-nucleophilic solvent of Step B is as previously defined
for Step A. Similarly, the definition for the base of Step B is as previously defined for Step A.

In Step A, the molar ratio of base to compound of Formula I can be varied from
about 12:1 to about 3:1. A ratio of 8:1 is typical. A ratio lower than 3:1 may result in
trimerization of the aminoacryate to give 1,3,5-tricarboxybenzene. The molar ratio of the
compound of Formula I to compound of Formula II can be varied from 1:1 to 1:3; typically about
1:1.5. Reaction Step A may conveniently be conducted at a temperature range of 25 to 100°C; or
typically 40 to about 60°C and is allowed to proceed until substantially complete in from 2 to 18
hours; typically 6 to 12 hours. Reaction Step B is carried out as described above.

Within this embodiment there is a genus wherein:

R! is an optionally C 1-8alkyl, aryl, heteroaryl, wherein the substituents are
selected from the group consisting of aryl, C1-§ alkyl;

R2 is methyl or ethyl or phenyl;

R3 is Cj-galkyl, aryl or heteroaryl, optionally mono, di-, tri- or tetra-substituted
with Halo, B(OH)2, —C=CH, aryl, heteroaryl; ‘

-6-



10

15

20 .

25

30

11 0GCORL, R G N12 RIIl 5 and, Step B:

reacting, in a non-nucl eophilic solvent, a conpound of
wo-msss71 11 with an am ne conpound of For nmul BCT/US2003/036806

R3-NH2 -1V 10 in the presence of a base to yield a

conpound of Formula V. The definition for the

non- nucl eophilic solvent of Step B is as previously

defined for Step A Similarly, the definition for the

base of Step Bis as previously defined for Step A

15 In Step A the nolar ratio of base to conpound of

Formula | can be varied from about 12:1 to about 3:1.

A ratio Withik thisl ntodRh&Rltheré\is’ Adenfs WA¥RM: T han 3: 1 may
resul t ﬁ L i rlzatlgn of the am noacryate to give
C

1, 3, 5- t rRCHBIVESHEe. The nolar ratio of the
corrpounchbferahylul a lto compound of Formula Il can be

vari ed fﬁypﬁéhyﬂsdbgtlfhte% wﬁﬁ’ﬂél&?f%{/d’[pébowc @Hl. 5.

React i on conveni en conductéd at a
t enperature range of 25 to 100C or 20 typ| cally 40 to

b 6
subst ant LT bisSrtOUGE e RLOGRACwRlr; .
the agippecieephile ﬂObVBBQISNGhﬁth fm@maﬂwl@mpmslq dinirylacethmide,
tetrfMytrckSrafl eeiﬁyflh&%e %@&MﬁtnthbmeHe [HR_hSeng n&l@ﬂﬂ@ﬂﬁ%ﬂl&féﬁé Ehloride

IS a ge rein. Rl an optionally
aryl , W’&P@éﬁ@ Ben%@%r@riwtqlhé %V@ﬁéqrpe%ﬂtbsgqspéw)ﬁereln
the ﬁ@i-ﬂﬁﬂlﬁii)hﬂidmﬂ\tehms@bﬁtdﬁhtx@l@ﬂSl sting of aryl, Cl-8-

al kyl; Within this embodiment there is a genus sub-genus wherein:
the base is selected from sodium or potassium carbonate, triethylamine, diethylamine, and
Huenigs base.
Within this embodiment there is a genus wherein:
the base is selected from sodium carbonate or triethylamine.
Within this embodiment there is a genus wherein:
the molar ratio of compound of Formula IV to compound of Formula III is about
2:1to 1:2.
Within the genus immediately above there is a sub-genus wherein:
the molar ratio of the compound of Formula IV to the compound of Formula IIl is about 1:1.
Within this embodiment there is a genus wherein:
the molar ratio of base to compound of Formula IV is at least 1:1.
Within the genus immediately above there is a sub-genus wherein:
the molar ratio of base to compound of Formula IV is about 1:1.
Within this embodiment there is a genus wherein:
the reaction is conducted at a temperature range of about 20 to 100°C.
Within the genus immediately above there is a sub-genus wherein:
the reaction is conducted at a temperature range of about 40 to about 50°C.
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WO edona4ssobstituted with Hal o, B(OH) 2, -' C=CH, PEr/yb2003/036806
heteroaryl; -6 WO 2004/048377 PCT/ US2003/ 036806
Wthin this enbodi nrent there is a genus wherein: Rl is
nmet hyl or ethyl; -R2 is nethyl; 5 R3 phenyl
substituted with halo, B(OH)2, -C=CH. Wthin this
enbodi ment there is a genus wherein: the
non- nucl eophilic solvent is selected from
di met hylnfasepenti etebodithenstthgre iscaemaiiiod ©f preparing a compound of Formula V
tetrahydrofuran, ethylacetate, acetonitrile, toul ene,
benzene, di oxane, nethylenecghl ofide 10 Wthin the
genus i medi ately above therp is|la sub-genus wherein:
t he non-nucl eophilic @%@nltrlle Wthin
this enbodi nent therel] s sUb- genus wherein:
the base is selected fxpr m or potassi um
carbonate, triethylam n€, diethylam ne, and Huenigs
base. 15 Wthin this enbodi ®ht there is a genus
wherein: the base is selected from sodi um carbonat e
or triethylamne. Wthin tRys enbodi ment there is a
genus wherein: the nolar ratio of conmpound of Fornula

IV to compound of Fornmula Ill is about 2:1 to 1:2. 20
wherd¥nt hi n the genus i medi ately above there is a

sub-g pher ei L0y mol ar_ratio of the conmpound of

Fornula @‘WH@ Egﬁﬁgﬁﬁﬁmﬁ¥ Fornula 111 is about

1:1.  VIRE i Gi1-plikyl, ervbovheternaryl, inptienally raonge firstrines testarpubstituted
with Halo, B(OH)p, —C= CH (alkyne), aryl, heteroaryl, C1-10alkyl, alkoxy, ketone, alcohol,
triflate, mesylate, amide, ester, ketone, acetal, phosphate, stannane, silyl, B(OR)2 wherein R is

'C1-8alkyl or aryl;

comprising
Step A: reacting, in a non-nucleophilic solvent, a compound of Formula II:

wherein
R2is each independently C1-galkyl, optionally mono or di-substituted with Cj.

galkyl, such as methyl or ethyl, or aryl or heteroaryl;

with a compound of Formula I in the presence of a base:
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the nolar ratio of base to conmpound of Formula IV is
at least 1:1. Wthin the genus i medi ately above there

WO 200a/0$8307 genus wherein: 25 the nolar rati o OPCDHEHS®03/@36806

conmpound of Forrmula IV is about 1:1. Wthin this
enbodi nent there is a genus wherein: the reaction is
conducted at a tenperature range of about 20 to 100C.
Wthin the genus i medi ately above there is a
sub-genus wherein:. the reaction is conducted at a
tenperature range of about 40 tQ about 50C. 30 -7 WO
2004/ 048377 PCT/ US2003/ 036806 I a second enbodi nment
there is a nethod of preparin @\grlrpound of Formula V
O(;XORL N 13 R V 5 vjherejn - is a suitable

| eavi ng group; R3 is Cl-8al aryl or heteroaryl,
optionally nono, di-, tri-DMNr tRtra-substituted with
Hal o, B(OH)2, --C=CH (al kyne), aryl, heteroaryl,

Cl-1 Gal kyl, al koxy, ketone, g cohol, triflate,

nmesyl ate, am de, ester, ketone, acetal, phosphate,
stannane, silyl, B(OR)2 wherein Ris 10 Ci-8al kyl or

whesdiy! ; conprising Step Al reacting, in a

n- nucl %‘f&*&i lic solvent, a conmpound of Forrmula Il: O

to yield a compound of Formula III.

O
C

9 I _O/R1
[Sa!
/Rz
N o N
R2

I

and,

Step B: reacting, in a non-nucleophilic solvent, a cémpound of Formula I

with an amine compound of Formula IV

R3~NH,
v

in the presence of a base to yield‘ a compound of Formula V.

Within this second embodiment there is a genus wherein:
R1 is an optionally C 1-8alkyl, aryl, heteroaryl, wherein the substituents are

selected from the group consisting of aryl, C1-g alkyl; .

R2 is methyl or ethyl or phenyl; .
R3is C1-galkyl, aryl or heteroaryl, optionally mono, di-, tri- or tetra-substituted

with Halo, B(OH)2, —C=CH), aryl, heteroaryl;

-0.
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CO R N12 R15 11 wherein R2 is each
i ndependently Cl-gal kyl, optionally nono or

waleogkssti tuted with O - gal kyl, such as net hyPCDDS2003/036806
ethyl, or aryl or heteroaryl; 20 with a conpound of
Formula | in the presence of a base: -8 WO

2004/ 048377 PCT/ US2003/036806 O 11 \ CR4 4 NR
wherein R4 is brono or chloro 5 to yield a conpound

of Formula Ill. O1 RL " CO
Within this second embodiment there is a genus wherein:
R4 is chloro. ' ' 3
" Within this second embodiment there is a genus wherein::
R1 is methyl or ethyl;
RZ is methyl;

R3 phenyl substituted with halo, B(OH)z, —C=CH,
Within this second embodiment there is a genus wherein:
the non-nucleophilic solvent is selected from dimethylformamide, dimethylacetamide,
tetrahydrofuran, ethylacetate, acetonitrile, toulene, benzene, dioxane, methylene chloride
Within this genus there is a sub-genus wherein:
the non-nucleophilic solvent is acetonitrile.
Within this second embodiment there is a genus wherein:
the base is selected from sodium or potassium carbonate, triethylamine, diethylamine, and
Huenigs base.
Within this genus thee is a sub-genus wherein:
the base is selected from sodium carbonate or triethylamine.
Within this second embodiment there is a genus of Step A, wherein:
the molar ratio of base to compound of Formula I is about 12:1 to about 3:1.
Within this genus, there is a sub-genus of Step A, wherein:
the molar ratio of base to compound of Formula I is about 8:1 to 3:1.
Within this second embodiment, there is a genus of Step A, wherein:
the molar ratio of the compound of Formula I to compound of Formula I is about 1:1 to 1:3.
Within this second embodiment, there is a genus of Step A, wherein:
the reaction is carried out at about 25 to 100°C. t
Within this second embodiment, there is a genus Step , A wherein:
The reaction is carried out at about 40 to about 60°C.
Within this second embodiment, there is a genus of Step B, wherein:
the molar ratio of compound of Formula IV to compound of Formula III is about 2:1 to 1:2.
Within this genus there is a sub-genus of Step B wherein:
the molar ratio of the compound of Formula IV to the compound of Formula III is about 1:1.
Within this second embodiment there is a genus of Step B, wherein:
the molar ratio of base to compound of Formula IV,is about 1:1 or more.
Within this genus, there is a sub-genus of Step B, wherein:
the molar ratio of base to compound of Formula IV is about 1:1.
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CR NG N 1 RIIl 10 and, Step B: reacting, in a
non- nucl eophilic solvent, a conpound of Fornula Il
wWOowRaoh/0#837am ne conmpound of Forrmula 1V R3-NH2 POI/USH03/086806
the presence of a base to yield a conmpound of Fornmnula
V. Wthin this second enbodi nent there is a genus
wherein: RL is an optionally Cl-8al kyl, aryl,
het eroaryl, wherein the substituents are 20 selected
fromthe group consisting of aryl, Cl-8 alkyl; R2 is
met hyl or ethyl or phenyl; R3 is Cl-8alkyl, aryl or
heteroaryl, optionally nono, di-, tri- or
Let r a- s OWshintthik @&oggllg%bco)gig%% tk%feﬁsba ntés / Slggtvhbrem
et eroar
* the it Picbeied ab RS Ua dee TR 2040 100dmus

wher ei n:WHinitlsis ghhusrtbere W & fibagdnias sf SEp@;dvherdmmdl nent

5 the JeBAIGR it SorfiBRAYPa WAREtre raffe draBR! /lo MoufhE s S R2

ithin this second embodiment, there is a genus wherein:
reaction step A and Reaction Step B are carried out in a single pot without purification or
isolation of the product of Step A prior to proceeding with Step B.

10 ‘ In another embodiment, the present invention is direct to a method of preparing a
phosphodiesterase-4 inhibitor of Formula IX and IXa

O

A A “ A

%\H ©\©\l
IX IXa

Step C: reacting, in solvent A, a compound of Formula Va

>\ /
)

\}

</

15  Comprising

O O
X OR!
[ T ]
N~ °N
X
Va
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R3 phenyl substituted with halo, B(OH) 2, "-C=CH,
Wthin this second enbodi nent there is a genus
wob@reis377 t he non-nucl eophilic solvent is sel ep€BUSIDDHM6806

di met hyl f or mam de, di net hyl acet am de,
tetrahydrofuran, ethylacetate, acetonitrile, toul ene,
benzene, di oxane, nethylene chloride 10 Wthin this
genus there is a sub-genus wherein: the
non- nucl eophilic solvent is acetonitrile. Wthin this
second enbodi nent there is a genus wherein: the base

whetel sel ect ed from sodi um or potassi um car bonat e,

triethylgwl pe, sudthsit VAR H6up ﬁféﬁ as FHRP Hﬁélog’étﬁi% sta}lﬁard texts, such as:

Wthin this genus_ thee I's ,a sub-genus erein: th
ProtqsHiye Grens én OFganie $Yuhesiodl GHItORy gﬁb'ﬁh?%iobarw Gréene and Peter G M.

Wutd (1!991Mdapfbt@eung/mdmpm HnylﬁhﬁBQQcmi’erﬁHm do4ve For tXeefisle | Bl may be an

oo P38y S0P O by 50, s 3L 00 e e

consigling ph aryhi G1-§eHos, there is a sub-genus of Step A
wherein: 20 the nolar ratio of base to conpound of
Formula | is about 8:1 to 3:1. Wthin this second

with @repopovmdef FarmetaeVllor ¥genus of Step A, wherein: the
nolar ratio of the conpound of Formula Ito conmpound of
Formula Il is apput 1.1 to 1:3. Wt@gin t
enbodi ment, there Y& ajgenus of Step A “hepnein: the
reaction is carrie outl at about 25 to ) 25 Wthin
this second enbodlnem¢ there is a genus’iStep , A
wherein: The reactl gééﬁrrled out at about 40 to
about 60C. Wthin thls S d enbodi nent, there is a
genus of Step B, whe n: the nol ar ratig. of conmpound
of Formula IV to con&@bnd of Formula I11 18 about 2:1
to 1:2. Wthin this genus there is a sub-genus of

OB R A L P TR i

compound of Formula VIII or VIII
O O O O
\ OR! N OR'
08 08
N N N N
X > X
N N+ ~ N
\ Y VI \ Y
VIII :
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Wthin this second enbodi nent there is a genus of Step
B, wherein: the nolar ratio of base to conpound of
wo-o00a0ks371 V, i s about 1:1 or nore. Wthin thi SPOEOSZN3/036806

there is a sub-genus of Step B, wherein: the nolar

rati o of base to conmpound of Formula IV is about 1:1.

-10 WD 2004/ 048377 PCT/ US2003/ 036806 W thin this

second enbodi ment there is a genus of Step B, wherein:

the reaction is conducted at a tenperature range of

about 20 to 100C. Wthin this genus there_ is a

sub- gerApreférregicommeundpbFenmila ¥apRd Fpeage VaH and VI, respectively,
area@%@gwg:t ed at a tenperature range of -about 40 to about

. Wthin this second enbodi nent, there is a genus
wherein: reaction step A and Reaction Step
carriedgoutgin a single ppt @ thout purific

i sol atipn the product jof fitep A pri Ce@gH Ng
wi ANt e B ol | n {‘o\\t:fignﬁﬁcﬁtnent, It hel pr
i nyentionis direct { o, t hod of prepaNin

Ni esterase-4 i Nhi¥tor of Formula I X

For purposes of this specification, solvent A is selected from the group consisting
of dimethylaminoacetamide, dimethylformamide, acetonitrile, DMSO, methylacetamide, ethers
or mixtures thereof. For purposes of this specification, the phosphine ligand is selected from the
group consisting of P(C1-6alkyl) 3, such as P(t-butyl) 3, P(Cy)s, and P(t-butyl)z(biphenyl). For
purposes of this specification, the palladium catalyst includes Fu’s catalyst (i.e. P(t-butyl)3-Pd-
P(t-butyl)3), [PdCl(allyl)]2, Pd; (dba) 3, and [P(t-butyl) sPdBr], (Johnson-Matthey catalyst). For
purposes of this specification, the amine base is a hindered amine base such as t-
amylamine, t-butylamine, isopropylamine, or diisopropylamine.

In. Step C, the molar ratio of the compound of Formula Va to Formula VII or VIla
may vary widely, but is optimally about 1:1.5 to 1.5:1 and is typically approximately 1:1. Asa
general principle, at least 1 molar equivalent of base per mole of Compound of Formula Va plus
the 1 molar equivalent of base per molar equivalént of the compound of Formula VII or VIIa is
desirable. Reducing this ratio reduces the yield. Thus, in the reaction above the ratio of amine
base to compound of Formula Va can be 1.2:1 or greater, but is typically 2:1 to 3.5:1. The ratio
molar of Palladium to compound of Formula V 0.05:1 to 0.10:1. In the instance [PdCl(allyD)]2,
for example, which possesses two mole of palladium per mole of catalyst, the ratio would be
0.025:1 to 0.05:1. The molar ratio of phosphine ligand to palladium is typically 3:1 to 5:1, often
approximately 4:1. The reaction can be carried out a 25 to 125°C, more typically 40-70°C, and
is allowed to proceed until the reaction is substantially complete. The presence of oxygen is
minimized by purging the reaction vessel with nitrogen gas prior to addition of the reagents.

The product of Step C is cooled to 0 to about 5°C. Thereafter 3-6 volumes of
anti-solvent per volume of solvent is added to the product of Step C to precipitate compound of
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Va -11 WO 2004/ 048377 PCT/ US2003/ 036806 wherein -OR1
is a suitable | eaving group such as those disclosed in
W@ @ames3d t exts, such as: Protective G oups i PCTUSENG/E36806

Synthesis, 2"d edition, by Theodora W G eene and

Peter GM Wits (1991) and Protecting G oups, by

Philip J, Kocienski (1994). For exanple, Rl may be an

‘5 optionally Cl_8alkyl, aryl, heteroaryl, wherein the
substituents are selected fromthe group consisting

of aryl, C1_8 alkyl; with a conmpound of Forrmula VIl or

Formuid AllBor Bllar Nfor QurpokiSlof Hitis Mpdcifidatian, theantheolperd dedafmedfas a non-

reactfye @&bk@gse laﬁéﬂego}m%ﬁggﬁnp@gw%; ﬂ'@ng w?gfé\/‘ppt {ehe

VI |1 a (e ey camprishrg the precipitaied copppqupd RE Eomlul@b’}]l onVIIais
filtered & ce}'ﬂrifhged Thefliter m@%@ﬂl’gg 4&&%&1?&5&%3@9 Octh QF FOrmula VIII

d of I
or Vl&aﬁq %rsr &@gc gg?lggcg]ywashgé) \ré(ﬂlgjésaoﬂ)g[ap g 1's:gprrcr)rlyaln%l toI rlerlnove 9es1dual

palladium. For example, the filter cake comprising compound of Formula VIII or VIIIa may be
washed in situ (i.e. on the filter press) with 40 to 60 volumes of isobutanol unit weight of dry
compound of Formula VIII or Villa .

As an alternative, residual palladium may be removed by re-dissolving compound
of Formula I in an Cj-galkanol solvent (such as methanol, ethanol or propanol) and subjecting
the slurry comprising the compound of Formula IX or IXa to an activated carbon such as Darco
G-60 or Ecosorb. The slurry is then filtered to remove the activated carbon. As may be
appreciated, it is convenient to increase the solubility of the product in the alkanol solvent by
warming the alkanol (such as to 25 to 70°C) either before or after contact with the product.
Typically, the slurry is kept warm for 1 to 6 hours, and filtered while still warm.

In function, the overall transformation achieved in step C is the same as that of a
typical Sonogashira coupling reaction. As such, Step C is an efficient, one step method of
coupling an alkyne to an aryl halide. On the other hand, step C differs from a Sonogashira
coupling reaction in several important ways. For example, the Sonogashira coupling reaction
typically requires the use of a copper, zinc, magnesium or zirconium reagent in addition to a
palladium catalyst. Copper is preferred. However, applicants have found that Sonogashira
coupling (Sonogashira, K. in Metal-Catalyzed Cross-Coupling Reactions; Diederich, F. and
Stang, P. eds; Wiley-VCH: Weinheim, Germany, 1998, Chapter 5. See also, Littke, A. and Fu,
G. Angew. Chem. Int. Ed. 1998, 37, No. 24, pp 3387-3388; Wolfe, J. Singer, R., Yang, B and
Buchwald, S., J. Am. Chem. Soc., 1999, 121, pp 9550-9561.) of compound of Formula Va and
Formula VII results of the production of as much as 10% dimer of the compound of Formula Va
in the producf.

Hermann, et. al. (Eur. J. Chem 2000, 3679-3681), reported that if the palladium
catalyst is judiciously chosen, the need for copper can be obviated. P(Cy)3-Pd-P(Cy)3and P(t-

butyl)3-Pd-P(t-butyl)3 (Fu’s catalyst ), are two of such catalysts. Such catalysts require special

handling. In contrast, the catalysts of the present invention are prepared in situ upon reaction of
a stable palladium source (such as [Pd(allyl)Cl]2) with a stable commercially available, pre-

packaged ligand (such a 10% by weight tri-(t-butyl)phosphine in hexane. Moreover, by the
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I vt O\N Va VIIl / Villa 5 For purposes of this
W@ pmgiodsscat i on, solvent A is selected from thePQr/osgo3/036806
consi sting of dinethylam noacetani de,
di met hyl f ormam de, acetonitrile, DVSO
. met hyl acetam de, ethers or m xtures thereof. For
pur poses of this specification, the phosphine |igand
-is selected fromthe group consisting of P(Cl-6alkyl)
3, such as P(t-butyl) 3, P(Cy)3, and
creaffn obthe ghtabipsienthy inveoiionipopidepeoswsnieht achéss to ligand/Palladium

ratio%’ efdl %?h%labg}ﬁm%gh k?@%&@dﬁ%ﬁ ¥%utiyln;3|3;ldes Fu's

[PdCI(aIIyI)]Z Pd2 (dba) 3, and [P(t-butyl) 3PdBr]2

( Johnsordyabi P&%Uﬁétlﬁllséﬁér}t B & &fmp(ﬁllﬂﬁnﬂ’%ﬁn% VY ith
base_is a hindered am ne base

t

cyclelpgpylzgnipe. é%ypgﬂrmaaﬁg DIBERIGY aing PROsP %eom%tgsﬂ BHYE, or

dii sopropylamne. In Step C, the nolar ratio of the

vary w5 burbBis b Bug e ey e By fepad B indod Pgkanol
solvenf spglpfl@ema lganglp%@}mts,mqtbqu&pl pthpnolo@rqpan@]é 98¢ Aptanols, and
tnﬂﬁr{n&ﬁéﬁ rn%ctdr Jreéfo:'@n{:‘le%m ‘i’é‘fn\é hf;sgtoe%fsecpaﬁg }gﬁ'boses of this
specgtgqfluglatgﬁfat stﬁgg rt?élr hq?:h.}aﬂe )d R;‘SF@H'F gpg)t)jglg pynd1ne-N—ox1des tri-
alkyp&m%tﬂteoimg'@ﬁlﬁ}cih@ Mglneﬁﬁm\éthlcﬁldbsrna%%‘éi_lgﬁl@ﬂ{fﬁllte scandium triflate,

his ratiq reduces us n

a3 e BB el PTG P GO SR Note that
for ;Ex_npcrmé of tHﬂ;_ specifibatich, tieteraf cagarlgmtﬁmtenhac}l td mdicytei mhgeyxt that
e 38500 STHE 1t RSPl b s

i nst ancdhf pediu(rati¢ ¢f §yckproffytamisg smgsirapoundiof ifopouels 8dHeer VIa is
typléa\lﬂ g’i@téar tﬁ’a{n P@l Arﬁqf Hfférp?ﬁ lrg?lgg_ea%fr Tﬁ%ﬁ@élﬂ%ﬁhls falﬁﬁ rEdickOthe yield.

The ﬁﬁ&fﬁ st IOQ%ﬂ%poelad ﬁ&FPwlwﬂﬂ ot Villa dngsnpratly P.9%9:t00.075: 1,
ofte® b1 0.05:1 or possibly 0.10:1 to 1:1 or more. In the case of magnesium chloride a

typical ratio of catalyst to compound of Formula VIIT or VIIIa is 0.9:1. to 1:1.5. The reaction can
be carried out at 40 to about 60°C, more typically 55-60°C, and is allowed to proceed until the

reaction is substantially complete. The presence of oxygen is minimized by purging the reaction

- vessel with nitrogen gas prior to addition of the reagents. For optimal results, it desirable to

perform Step D at or below a Kf of 3000ppm. '

The product of Step D is cooled to O to about 30°C, typically about room
temperature. Thereafter, the solvent is replaced with an anti-solvent (anti-solvent B), such as by
evaporation of the solvent, follow by the addition of excess anti-solvent. For purposes of this
specification, anti-solvent B is defined as a solvent in product of the reaction (in this case the
compound of Formula IX) 3-6 volumes of anti-solvent per volume of solvent is added to the
product of Step C to precipitate compound of Formula VIII or VIIIa . For purposes of this
specification, the anti-solvent is defined as a non-reactive solvent in which compound of
Formula VIII or VIIIa will precipitate. ‘

In order to remove impurities, the slurry comprising the precipitated compound of
Formula VIII or VIIIa is washed a solvent, such as water, acetonitrile, isopropyl acetate, ethyl
acetate, tetréhydrofuran, ethanol, propanols, and butanols. Thereafter, the solvent is removed,
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approximately 4:1. The reaction can be carried out a
25 to 125C, nore typically 40-70C, and is allowed to
w@e@mseesd7until the reaction is substantially cpepUg1083/036806
The presence of oxygen is 25 mnimzed by purging the
reaction vessel with nitrogen gas prior to addition of
the reagents. The product of Step Cis cooled to O to
about 5C. Thereafter 3-6 volunes of anti-solvent per
~volume of solvent |s-added to the product of Step Cto
' reC|p|tate conpound of -13 WO 2004/ 048377
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orrpog rnul a,_ V111 of VIITI
r

aI ter na?ﬁ‘?/@nn SPER aﬂn s rpestiically saipdiptherwissyacdudsy one or more O, S,
or NraeonaK. mlexmﬁglepl@aimuy&ballqﬂ aE@héfHﬂoar}Jl mdmc&l’hl{é]s'y@tahﬂs@mhontam one

or m810 J o C o n&sgé{&tnﬁ iy t]ﬁgelﬁﬂ%;ﬂ’g%‘%% rgﬁﬁge g% ﬁ_g)an 0 &ehggle%ro atoms

ceploge, e FROPX SIS SEhuB JoRsaRIe vehetsio@laslielisth faee 1pambered ring
cmﬁ&hﬁ@fﬁﬁnE%?ﬁ&EQbo%Q%nﬁ'Urry is then filtered to renove

he~act] vated car may be appreciated, it is
conveni BRimplgs phfsteraamyl tnﬁbldgdpu@imnly noyfidink gqimedingds isoquinolinyl,

pyndaﬁmfyh 9zﬁin|ﬁﬁ g@hﬁﬁnﬁulﬁwxalﬁ YIVRES, B%M&yﬁ'dﬂﬁﬁ%fuﬁﬁ lfﬂ%‘fényl

benZPﬁ’é haaep!, o P B%Ffﬁ%‘glylbtel{ﬁigzr@/lgig’f%m@ rl&f@%%bcgmﬁf@y igothiazolyl,

imidhn)lﬁ lmmmldaaﬂyl bxddienbd, thhdianlyt, Itﬂldzom,l’tmradomyl_
f uinct ' 08 gggn&g\ﬁ% bedthFu%PnSé gﬂ gg}oglgg?%g{é(gr\é%?ylgme%c c@nters and

s thé sane as

- may e giverriserte dmsﬁemmep@arsixmmcasscaper@ The preseftinveinton jincludes all such
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alide. On the other hand, ers
enangg%@aglhpqsglble geometric isomers, and salts thereof

The utility of the invention is illustrated by examples of phosphodiesterase-4
inhibitors that may be prepared by use of the invention.

A Dosage levels from about 0.001mg/kg to about 140mg/kg of body weight per day
are useful in the treatment of conditions such as asthma, chronic bronchitis, chronic obstructive
pulmonary disease (COPD), eosinophilic granuloma, psoriasis and other benign or malignant
proliferative skin diseases, endotoxic shock (and associated conditions such as laminitis and
colic in horses), septic shock, ulcerative colitis, Crohn’s disease, reperfusion injury of the
myocardium and brain, inflammatory arthritis, osteoporosis, chronic glomerulonephritis, atopic
dermatitis, urticaria, adult respiratory distress syndrome, infant respiratory distress syndrome,
chronic obstructive pulmonary disease in animals, diabetes insipidus, allergic rhinitis, allergic
conjunctivitis, vernal conjunctivitis, arterial restenosis, atherosclerosis, neurogenic inflammation,

pain, cough, rheumatoid arthritis, ankylosing spondylitis, transplant rejection and graft versus
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will 'ﬁ@ﬁerﬁl wOn A& aHEG %ﬁ s 1&91‘? ﬁlegg? |t g\&;lagéht ﬁggpergl health, sex, diet,

speC| Ication, e cat

timepfragipmipigiEatioR; touty L?@Tsmf ratrgnr raie ﬂ%eweéb@pd@yg cpypination and the

severity of the particular disease undergoing therapy.

The examples that follow are intended as an illustration of certain preferred

embodiments of the invention and no limitation of the invention is implied.

Compounds of the present invention can be prepared according to the following
methods. The substituents are the same as in Formula I except where defined otherwise.
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Not e t hat

for purposes of

yst is intended to

accel erates the reaction,

assical "catal ytic"

15 The nolar ratio of cyclopropylanine to

IS pical ly

Yeat er.

i

el d. The rati o of
or VIllais
Hena@mto ;1 or
N the gase_of
?(g%EE to
1. to 1:1.5.
3N~ AW t NFbot 60C,
pwed to prbcee unti |

nore typically 55- GOC and is al
t he
of oxygen is mni'm zed by purging

reactilon is subHtantially conpl ete.qThe presence -

the reaction vessel

with nitrogen gas prior to addition of the reagents.

For optimal results, it desirable
at or below a Kf of 3000ppm The
cooled to O to about 30C, typical
tenperature. Thereafter,
an anti-solvent (anti-solvent
evaporation of the solvent,

B),

t he sol vent

to ernm&epD
Augduct| of Step

y about ro&

is re Fac
such as by

foll ow by the additildn of

excess anti-solvent. For purposes of thi@

speci fication, anti-solvent B is defjnedliasoa,gol vent
in product of the reaction (in thisfcage fjhe conpound
of Forrmula I X) 3-6 volunes of anti - per vol une
of solvent is added to the product ep Cto

preci pitate conpound of Forrmula VIII orzAMla. For

pur poses of this 30 specification, the @ -solvent is
defined as -a non-reactive solvent in whrchBeconmpound
of Formula VIIl or ViIlla wll precipitate. In order

to renove inpurities,
preci pi tated conpound of Formul a
washed a sol vent, such as wat er,

the slurry conprisi¥ng the

VIIl or VIllais

acetonitrile,

i sopropyl acetate, eth ag % ﬁ? 1\Faztrahydrofuran,
et hanol , propanols, a reafter, the
sol vent is renoved, -15
O O
| X I OEt
~
N° N
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WO 2004/ 048377 PCT/ US2003/ 036806 such as by

filtration and vacuum drying. The filtered conpound of
wao-0oakss7VI 11 or VIlla can then be m xed w t hP@r/US2003/036806

conversi.on sol vent, such as dry ethanol, nethanol,

trifluoroethanol, N nethyl pyrrolidinone, nethyl

t-butyl ether or m xtures thereof, optionally heated

to and held at 40 to 50C until at |east 95% of the

conmpound of Formula VIIIl or VIllais in the desired

form The 5 conversion solvent is then renoved, such
Stemk Bthvt 14(3-bromenhenyl)-d dndihydrg Ha$mm_bmﬂ_n:l4eonee?ecﬂrb®n@t;

pr oduct A ﬁm‘(tﬁféudf'a}gﬂ QQﬂlorJﬁl@otﬁ{@P%tﬂé ALY %pared following a

sal vent EU|red i's that sufficient t suspen

PIOC&ﬂ%r@&eVéle & &S dulifan-of 0.5 ndf9%8) (A §9), metfvﬂamlae (4reg and ethyl 3,3-
dlmétﬁylﬁhﬁlﬁfa)ﬂy'latél (11 se@ if pe&bhitrgial(d mvgt»aetseeatea e Fefug €or 3h, cooled to 40-

5 S0P drteombutnd Spb At dPepEngh var BRI duiieht,cooled

to rt_,Tmeltbcéwuh metre{@ oblunr) 6Bl Epéwit fas &olatesbyfikrition bed whshed with
Wat%r %th&do%sac tlglr -»{Hfér éqﬂet . oor N atonms. For exanpl e,

erocyc a an aryl include ring systens
t hat conHethi[Roé’@etom dao® &30 (t, SH).o+- 2N 2s7 -5 7 toRdm, 2H), 7.69 (dd,
1E)! 178 (ad, 1 U631, WIXTeUicRs 7@ (motiaf atons. The hetero
atons 'replace ring carbon atons. Thus, for exanple, a
10 het erocycl oCoal kyl is a five nmenbered ring containing
from5 to no carbon atons. 15 Exanples of heteroaryl

i ncl ude, for exanple, i nyl, ‘
i soqui nol i nyl pyridag%ﬂyshﬁﬁﬁppﬂﬁggg pyrazinyl,
qui noxal i nyl, furyl, benzofuryl, dlbenzofuryl,‘
thienyl, benzothienyl, pyrrolyl i ndol yl, pyrazolyl,
i ndazol yl, oxazol yl, |soxazol thlazolyl
|soth|azolyl in1dazo|y zol yl,
oxadi azol yl, thiadiazol. zol yr, tetrazolyl.
Compounds described her eMR contain one or nore
asymmetric centers and 20 mayl thus give rise to
di astereoners and optical igongrs. The present
invention includes all such'spessible diastereoners as
well as their racemc mxtures, tWeir substantially
pure resolved enantioners, all possible geonetric

15 i somers, and salts thereof. The utility of the

by, exanples of

: by use of the |nvent|on

Following the procedure described for Naphthyridone 1, but substituting 3-
acetylenylaniline for 3-bromoaniline results in the Title Naphthyridone 2.
20 "HNMR (CDCls) & 1.42 (t, 3H), 3.19 (s, 1H), 4.20 (q, 2H), 7.42-7.46 (m, 2H),
7.53-7.59 (m, 2H), 7.67 (dt, 1H), 8.64 (dd, 1h), 8.68 (s, 1H), 8.83 (dd, 1H).

-19-



25 Dosage | evel s from about 0.001ng/ kg to about
140ng/ kg of body wei ght per day are useful in the
wao e@ansssmt of conditions such as asthma, chronP€I/US2003/036806
bronchitis, chronic obstructive pulnonary disease
(COPD), eosinophilic granul oma, psoriasis and ot her
benign .or malignant proliferative skin diseases,
endot oxi ¢ shock (and associ ated conditions such as
laminitis and colic in horses), septic shock,
ul cerative colitis, Crohn's disease, reperfu3|on
injury of the 30 nyochﬂPHHﬁEﬁ@ﬂﬁlﬁEﬁ i nfl anmat ory
arthritis, osteoporosis, chronic glonerul onephritis,
atopi c dernatitis, urticarig, agult respiratory
di stress syndrone, infant Rpi rlat ory di stress
syndronme, chronic obst = '
ani mal s, diabetes insipkduysw @ lergic rhinitis,
allergic conjunctivitis, vellnal conjunctivitis,
arterial restenosis, atherqgs rosi s, neurogenic
i nfl ammati on, pain, cough, umatoid arthritis,
ankyl osi ng spondylltls transpl axt, rejection and graft
versus -16 WD 2004/ 048377 PCT/ US2003/ 036806 host
di sease, hypersecretion of gastric acid, bacterial,
5 Ethvf w%bm@bhyﬂsﬂmi ALINEGY SROB IS riain-S9R Boars RO
: Tl ammti on and cytoklne nmedi ated chronic tissue
degeneratlon osteoarthritis, cancer, cachexi a,
muscl e Felkdwing thedepeeeias describvedfor Nalbhmﬁidolﬂe it but substituting 3-
{ C
cyangc%n RO dﬂo?é r%)g(r%g@ﬁﬁﬁﬁe d{é’sul?s C}H ttk?e ’ﬁﬁ? %\I apﬁﬁ%dgnet 3.
conpone?ﬁ NMPRAPM(36n @l g?eélséI,D,Sl R (zihéHhﬁrWs(ddl Edage80 (t, 1H),
10 7.96 %RM"@A 2891 62 (VAR 8. A@d, 111), 868 (d&“iﬂ)' BY8 Cl'}BV osis,
t unour growt h and” cancerous i nvasion of nornal
ti ssues which are responsive to PDE4 inhibition, or
alternatively about ONAPHTHYREIGNE 479 per patient
per day. For exanple, inflammtion nmay be effectively
treated by the adm nistrationq ofsfromabout 0.0lng to
50mg of the conpound per kil @gr of body wei ght per
day, or alternatively a . oep about 2.5g per
pati ent per day. Further, _it i| 10 understood that the
PDE4 i nhibiting conpoundNof Nt his invention can be
adm ni stered at prophylactjigally effective dosage
| evel s to prevent the abov @ ited conditions. The
anount of active ingredient at may be conbined with
the carrier materials to prgduce a single dosage form
wi |l vary dependi ng upon the host treated and the
particul ar
Ethyl-1-(4-bromophenyl)-1.4-dihydro[1,8naphthyridin-4-one-3-carboxylate

15

Following the procedure described for Naphthyridone 1, but substituting 4-
bromoaniline for 3-bromoaniline results in the Title Naphthyridone 4.
20 "H NMR (DMSO-dg) & 1.26 (t, 3H), 4.22 (q, 2H), 7.54-7.59 (m, 3H), 7.78 (d,
2H), 8.61 (dd, 1H), 8.63 (s, 1H), 8.68 (dd,1H).
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10

15

20

node of adm nistration. For exanple, a fornulation
intended for the oral adm nistration to 15 humans may
w@eownesssent |y contain from about 0.5ng to abourCBYSWH3/036806
active agent, conpounded wth an appropriate and
conveni ent anmount of carrier material which may vary
fromabout 5 to about 95 percent of the total
conmposition. Unit dosage forms will generally contain

bet ween

“from about O. Olng to about 1000ngy of the

active ingredient, typlca 0.01 0. 05ng, 0. 25ny,
| ng, 5ny, 25ngy, 50ng, %hz"e‘@ﬁé'}%?éooﬂg 400ng,

500nyg,
however,

600ny, 800ng or 1000ng 20 It is understood,
that the specific dosed evel for any

particular patient wll nd on a variety of
factors including the a eT\ weEyht , general

heal t h,

sex, diet, ti R i ni strati.on, route of

adm ni strati on, rate of excrvtlon dr ug conbi nat i on

and the
t herapy. The exanpl es that
illustration of certain pref

PN

severity of the p "ar di sease under goi ng
ow are intended as an

=fred 25 enbodi ments of

the invention and no limtation of the invention is

Ethyl-TRb g

%ﬂﬂg-g nd &h?&ro{ P@ln@ﬁlﬁﬁ%ﬁinﬂ%@-k%oﬁﬁﬂe be
ccordi ng 0] e tollTow ng met hods. The

substituents are the sane as in Formula | except where
defi nedFéllcRﬁh%&?rocéﬂ?lré@s&%&@f@ﬂﬁ&ﬁhyndone 1, but substituting 2-
]

N d

e Ches

L

N SIMREDMBO6) & 1.26 Kt, BHBr4.23Ragf, RPHY, 5762 (m, 3H), 7.75 (dd,

1H), 7.88 (dd, 1H), 8.61 (s, 1H), 8.63 (dd,1H), 8.68 (dd, 1H).

NAPHTHYRIDONE 6
o O
| A l OEt
~
N™ °N

Ethyl-1-(2-tert-butylphenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylate

Following the procedure described for Naphthyridone 1, but substituting 1-

bromo-2-tert-butylphenylaniline for 1-bromo-2-tert-butylaniline results in the Title
Naphthyridone 6.

'H NMR (DMSO-ds) 8 1.08 (s, 9H), 1.25 (t, 3H), 4.22 (q, 2H), 7.30-7.40 (m, 2H),

7.50-7.56 (m, 2H), 7.73 (dd, 1H), 8.59 (s, 1H), 8.62 (dd, 1H), 8.70 (dd, 1H).
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IV OCC2Et N Br V 5 NAPHTHYRIDONE 1 0O OOEt NN
Br -18 WD 2004/ 048377 PCT/ US2003/ 036806 Step 1:
wERdwlo48871 3- br omophenyl ) - 1, 4- di hydr of PCT/US2003/036806
1, 8l napht hyri di n-4-one-3-carbox |y ate. A m xture of
et hyl 2-chl oroni cotinoyl acetate (purchased or
prepared followng a procedure described in J. Het.
Chem ,30, 855, 1993) (1 eq), triethylamne (4 eq) and
et hyl 3, 3- di net hyl am noacrylate (1.5,eq) in
acetonitrile (0.5M was heated to reflux for 3h,
cooled to 40 5 50C andNAPBAERRMONEE (1 eq) was
added. The reaction was heated to reflux overnight,
cooled tort, diluted with @ater (2 volune). The
product was isolated by filtiatilon and washed wth
wat er, ether or acetoni tePE(1:1). 1H NWR
(Acet one-d6) 61.32 (t, 29 (g, 2H), 7.54-7.63
(m 2H), 7.69 (dd, 1H), 7. (dd, 1H), 7.93 (s, 1H),
8.66-8.71 (m 3H). 10 NAP IDONE 2 OONN

Ethyl-1-(3-phenylboronic acid)-1,4-dihydro[1.8Inaphthyridin-4-one-3-carboxylate

Following the procedure described for Naphthyridone 1, but substituting 3-
aminophenylboronic acid for 3-bromoaniline results in the Title Naphthyridone 7.

"H NMR (DMSO-dg) & 1.26 (t, 3H), 4.22 (g, 2H), 7.56 (coincident triplets, 2H),
7.60 (d, 1H), 7.87 (s, 1H), 7.94 (d, 1H), 8.24 (s, 2H, exchangeable), 8.61 (d,1H), 8.62 (s, 1H),
8.68 (d, 1H).

PDE-4 INHIBITOR COMPOUNDS

The following are examples of PDE-4 inhibitor compounds which can be made
following the procedures as described herein. Note that the formula number used in the schemes
1 to 12 and the discussion of these schemes should not be confused with the formula numbers

used elsewhere in this patent application. Examples 1 to 13 were prepared using Naphthyridone
1:

Scheme 1

In a first method outlined in Scheme 1 below, an appropriately substituted
derivative of ethyl 2-chloronicotinoyl acetate of formula II is reacted with 1.5 equivalents of
triethyl orthoformate and 5 equivalents of acetic anhydride at 130°C, and after removal of the
volatile components, the crude 2-chloronicotinoyl acrylate of formula Il is immediately reacted
with 1.2 equivalents of an appropriately substituted haloaryl amine of formula IV, such as, for
example 3-bromoaniline, in a halogenated hydrocarbon solvent such as methylene chloride at a
temperature of 0°C to room temperature. After an appropriate reaction time ranging from 2 to 24
hours the resulting 3-arylamino acrylate of formula V is obtained by evaporation of the solvent

S22~
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15 Ethyl- |-(3-acetyl enyl phenyl)-1, 4-di hydrof 1,

8l napht hyri di n- 4- one- 3-car boxyl ate Follow ng the
w@e@aedire descri bed for Naphthyridone 1, but PCT/US2003/036806

substituting 3- acetylenylaniline for 3-bronoaniline

results in the Title Naphthyridone 2. 20 1H NWR

(CDC13) 6 1.42 (t, 3H), 3.19 (s, 1H, 4.20 (q, 2H,

7.42-7.46 (m 2H), 753 7.59 (m 2H), 7.67 (dt, 1H),

8.64 (dd, Ih), 8.68 (s, 1H), 8.83 (dd, 1H. -19 WO

and %%9%%@%@7 u éyzgﬁr%%(a q gr%pg'gr o>r/123|'§ HP'](y‘i cjry% El}]}zzg q{&m £n
apprpprigtesalyantyr i di n- 4- one- 3-car boxyl at e Follow ng the

nggte:j;" Elfhle@% fyh@ﬁfﬂ%&%@?ﬁ P)éfté%g@‘eeli}o m’é{ﬁ without further
purifigalinia then{oflRuing SR KESHRETHYY 9ldbncorBpoun GERTINED g8 1-haloaryl-
1,4- ﬁﬂcly&%[( B]naf?‘ﬂfﬂhymﬁn&or(e%aﬂ?dﬂblatg off?fgnﬁﬁllg ’W]ié"}ffeczec%)y fedatment with a
smaﬁggccesg og 3 St(%lhg baf?_ﬁuc(hgas-pgdilgah nﬁ_tﬁil h(ydﬂg\l %pﬁ%rm[%)dg{u@h@inde in an
approptiat sblvBiit sudkp aﬁehﬁhydrbfufeér ) hQ@tﬁh’(},etl@Mip):raluré of 0ty d’[tﬁ fwarming to
rooé’terﬁ%%gtﬁwl?yé’ 1re<gtodc etﬁéﬁ rﬁé/)‘%(sﬁlj %Prf u&ﬁ?ﬂ foxgnula V1is isolated in

rocedur e ‘dese
crudefpem by dilitigp with a large volume of water followed by filtration or by extraction into

an appropriate organic solvent such as diethyl ether, ethyl acetate, or a halogenated hydrocarbon
solvent such as chloroform or methylene chloride. The product can be further purified by
chromatography on silica gel, crystallization or prolonged stirring in an appropriate solvent
followed by filtration.

The product of formula VI thus obtained can be hydrolyzed to the corresponding
carboxylic acid derivative under basic conditions, using an aqueous solution of an alkali base

such as an alkali carbonate or preferably sodium or potassium hydroxide, with an organic

cosolvent such as tetrahydrofuran or a primary, secondary or tertiary alkanol, such as methanol or

ethanol, or a combination thereof at temperatures ranging from room temperature to reflux
temperature for the appropriate time. The resultant carboxylic acid is isolated in crude form
following acidification using an aqueous solution of an inorganic acid such as hydrochloric,
sulfuric or a similar acid, and filtration or extraction into an appropriate organic solvent such as
diethyl ether, ethyl acetate, or a halogenated hydrocarbon solvent such as chloroform or
methylene chloride.. The product can be further purified by chromatography on silica gel,
crystallization or prolonged stirring in an appropriate solvent followed by filtration.

The carboxylic acid is then transformed into the appropriate primary, secondary or
tertiary amide analog of formula VII by any general procedure well known to the organic
chemist, preferably via initial transformation into a mixed anhydride by treatment with a small
excess, such as 1.25 equivalents, of an appropriate alkyl chloroformate such as ethyl or isobutyl
chloroformate, in the presence of a larger excess, such as 2.5 equivalents, of a tertiary organic
amine such as triethylamine or N,N-diisopropylethylamine in an organic solvent such as
tetrahydrofuran at low temperature, preferably 0°C, for a period of 30 minutes to 3 hours. An
excess, usually 5 or more equivalents, of an appropriate primary or secondary amine or of an
aqueous solution of ammonium hydroxide is then added and the resulting reaction is allowed to
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bronmoani line for 3-bronpaniline results in the Title
Napht hyri done 4. 20 1H NVR (DMSO-d6) 6 1.26 (t, 3H),
wa2@2048377 2H), 7.54-7.59 (m 3H), 7.78 (d, 2HCT/BSHA3/036806
(dd, 1H), 8.63 (s, 1H), 8.68 (dd,1H). -20 WO
2004/ 048377 PCT/ US2003/ 036806 NAPHTHYRIDONE 5 O O
aN - | Ot NBr 5 Ethyl-
| - (2-bromophenyl ) - 14-di hydr or 18l napht hyri di n- 4- one- 3-c
arboxyl ate Foll owi ng the procedure described for
ht hyri done 1, but substltutlng 2- bronoaniline for
procse&t@rfg@penamn@r anginglfram PYC tomeomi teingeitdbyh fdryani approgriste length of time,

0d6) S 1.26 (t, 3H), 4.23 (q, 2
usuaﬁyl%%‘%’vsm 3)H) 7.75 §dd "o 1H) | L9 l(_?zld

8.61 (s, The plﬁsueg aggdq dlcforrpyla Wl ggh@u@olap@n crude formH%)’ precipitation
withNARREF YR 48R & ex@aédion@to anNp iatel &¥hric solvent such as diethyl ether,
cthyhs %ﬁéeﬁ% H?ﬁ%éﬁg s é?oeéphsﬁsﬂua{l &s BYPTOONh T PRylene chloride.
The prodoetchan de dersiesripostied by civapiatday:phg onsilica gely brystalhzatlon or prolonged
s A9BSR ATAEL) M PRI I8 8 moiry 2
dichlqsemyridin- ﬂdbmeilﬁeremwmu(d]vse}djﬁ)wlﬁch He&n{m, ofA-Bmind-R5-
dlchfo‘impy%@ne i¢ ggr%rz(tgd at3bl tel%pégrgfuZe, %Peféﬂbly%lf%g’c, using a strong alkali hydride
such as sodium hydride in a solvent such as tetrahydrofuran, and reacted with the acid chloride of
a carboxylic acid (from hydrolysis of an ester of formula VI) generated by an appropriate known
procedure, usually by the action of oxalyl chloride activated by a catalytic amount of N,N-
dimethylformamide in a solvent such as tetrahydrofuran.

The amides of general formula VII are processed into the products of formula I by
reaction with an appropriately substituted aryl or heteroaryl boronic acid or boronate ester of
formula VIII under the catalysis of a transition metal species such as trans-
dibromobis(triphenylphosphine)palladium (II) or
[1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(Il) in an appropriate solvent or solvent
mixture, preferably a 1:1 mixture of toluene and ethanol in the presence of an excess of an
aqueous solution of an alkali base such as sodium carbonate, at an appropriate temperature,
preferably 50 to 100°C, for an appropriate length of time ranging from 0.5 to 48 hours.

The resulting reaction product is then isolated in crude form by precipitation with
water and filtration or extraction into an appropriate organic solvent such as diethyl ether, ethyl -
acetate, or a halogenated hydrocarbon solvent such as chloroform or methylene chloride. The
product can be further purified by chromatography on silica gel, crystallization or prolonged
stirring in an appropriate solvent followed by filtration.

Compounds of formula I may also be obtained by reaction of a compound of
formula VII with an appropriately substituted aryl or heteroaryl tributyl stannane of formula IX
under the catalysis of a transition metal species such as trans-dibromobis
(triphenylphosphine)palladium (II) or [1,1’-bis(diphenylphosphino)ferrocene]
dichloropalladium(II) in the presence of a copper (I) species such as cuprous iodide an
appropriate solvent such as N,N-dimethylformamide at a temperature range of 50-100°C fora
period of 2 to 24 hours. Isolation of the reaction product is effected as described above.
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10

7.50-7.56 (m 2H), 7.73 (dd, 1H), 8.59 (s, 1H), 8.62
(dd, 1H), 8.70 (dd, 1H). -21 WD 2004/ 048377
weEROnANE3003/ 036806 NAPHTHYRIDONE 7 O O r ( (' PCOEUSNOM3Z6806
B(OH)2 5 Ethyl-I-(3-phenyl boronic acid)-1, 4-di hydro[
1, 81napht hyri di n- 4- one- 3- car boxyl ate Follow ng the
procedure described for Naphthyridone 1, but :
substituting 3 am nophenyl boronic acid for
‘3-brompaniline results in the Title Naphthyridone 7.
1H NVR (DMBO-d6) 5 1.26 (t, 3H), 4.22 (q, 2H), 7.56
( coi nci deigrnativiehl, et ssterxdiformud® VI c&0bq procddsd irfo 87 ester,of formula X

. : ( . .eXG ) 61
by r%ﬁ;’}.lim zv’l‘%g‘a.n 6%17{%@3&6;1-%;5&%%&%& %gbm%)% %g%@%glﬂlg ﬁﬁeglogggh an
app@wﬁg{wm@s%t@qiﬁ@nﬂm ds WiV pigjy canelertg wphdiy ot deepibeql above, and the ester
can b8 hy&grﬁéd §&Dﬂ?§i&?&ﬁ1eg@ﬂg6 En %ﬁﬁueb&l\bfﬁﬁﬁuﬂt a rIff ?I It EWI Pg t hle

procedures .as descri er : e tha e fornul a

hunber JLE&OFamS prudseHemaYa Villios cqmesgRadingbommaE ST usually
obtadiedtfies eomafeerimisoaies!l Wheetreqeredpiey sesbypicpateh eeadily from the
corm o I S et WS ooy AP R pign vt a sl
borat]aph_b]n ysing cluesicd t@0siGomewtal-tathlyzed foupding peddeduates using diboron

: e , . . :

pin T eI BL forn g %?Ezﬁ"@%%ﬁfﬂg?‘aﬁ Frsspondine halides via
initiglupetgtaioprusing irhntylljthivmsfolewed byagdition of wibutyltinehletdes

of 25 triethyl orthoformate and 5 equival ents of

aceti c anhydride at 130C, and after renoval of the
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vol atil e conmponents, the crude 2-chl oronicoti noyl
acrylate of formula Ill is immediately reacted wth
wae4meepirval ents of an appropriately substitutBCI/US2003/036806
hal oaryl am ne of formula IV, such as, for exanple
3-bromoaniline, in a hal ogenated hydrocarbon sol vent
such as nethylene chloride at a tenperature of 0OCto
roomtenperature. After an appropriate reaction time
ranging from2 to 24 30 hours the resulting
3-arylam no acryl ate of fo%nula V is obtained by
evaporation of the soIveﬁF eI \Wo 2004/ 048377
PCT/U82003/@§68Q§ and may be further purified by
chrggatogra hy gn silica gel or grystallization from

an a %ent. ﬁ%@ of formula V may
altﬁgﬁgti ely be Wi t (gurificaNLpn in
t he™f '8l | 'QP st efHC(@EH) z@athi 0 he of
forml &YV t t he T-hal Oar yl 7
1, 4-di hydyo[ 1, 8] napghlyri g iN4- ok Capoxy! at ¢

formula M is effected bf‘treatnent W th SNH

excess of a strong base such allan al kal i Ral Br
hydri de, for exanple sodium hydride, in an v
appropriate s@ veft such as tetrahydrofupan & a
starti e of OC with vwga m ng rjpom

t enper equiQkd R onpl et &< gifhe
productll of fornlil a Vieis ©Solated Jjn ¢rud form‘a R6
di | uti gh N t hN 0 <

a large vol ume of W? Q-
filtrBtion or byreextraction into 10 ‘an approprigte
or gani ¢ sol such as diethyl ether, ethyl ace e,
te%
N

or a hal ogep hydr ocar bapgresgloseMysuch as 7 Br
chl or o?\(m'r m | ene hlogm J)Sngl;%@x;pr oduc¥ canR be
further pgrified by chro ography on silica gel,

cry | lizatiqgn or prol ongggd irring in an O 0O
app? gggﬁ'% sqlvent followed by~{j!ltratgon. Th
pr odUgéo Blef,@1mul @ VI thus obtai nedxcan b OEt

to thengPrrespondi ng . 15 carboxylic acid
under basic canditions, using an aqueous
an al kali base uch as an al kali carbopat 5
preferably spdi ulm or potassi um hydroxi de, with //R
; suc? as tetrahydrofuran R&k[a I
Rtertiary al kanol, Xsuch
met ha hanol, or a conbination thereof &  ArR?R3

temne ét'\hresNrangei ng f RQERIGOR), (per at ur e/ 4 f&fdux -

R or Ar(R?R%)SnBu; (IX) 2) SOCl, or
R7\/ /l CICO,BU/Et;N
. Cat 3) RNHR?
Br 0] O

RY
VII I:j | NRR'
R4/ N /\ N 6 Ar= Phenyl
R7\ \/L /I R or heteroaryl
N ARRRS
I
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20

25

tenperature for the appropriate tinme. The resultant

carboxylic acid is isolated in crude form 20 foll ow ng
wa@edodiofsscat i on usi ng an aqueous sol uti on of anPCT/US2003/036806

i norgani c acid such as hydrochloric, sulfuric or a

simlar acid, and filtration or extraction into an

appropriate organic solvent such as diethyl ether,

ethyl acetate, or a hal ogenated hydrocarbon sol vent

such as chloroformor nethylene chloride., The

product can be further purified by chromatography on

silica gel, crystallization or prolonged stirring in

an appr Qphi g &'gac'tlwse t ﬂhocﬁ fﬂrltﬁéé‘fx‘é]?ﬁ&ééﬂ ot Jo%q%)gﬂds &%ofh§la 1, outlined

. _carbox I|c acl en tr )
in SghsFcopPrlarveapamidsof forguda Nlsey be ftranfefemdamgp apATERsponding boronate

esteﬂ@@ﬂoﬁﬁul@f}ﬂf@ﬂf@éﬁﬁen\/wlth% XaYssHE AN Pin S EsteLinWhe bresence of an
ani c chem via.lni

inorE RS SRR BOSSU S a4 AP Ob AR species such as
z‘rammdﬂromoenahphenglgheslﬂun@pmhdm a]I)zﬁ eqw val ents, of an

1, lagﬁgﬁﬁl{qn?fp%ﬂfﬂhny fe%cene%lgﬁ rmt AL gﬁ mna s]&(/en sulglé as N,N-

SIS Re"Pres
dlmethylécmansdeht temperagiesqangiag ‘émms§0 0f108°¢ écvrta langth of faweirenging from
1to %@ HWsNehe %%fbn%& df rf%)ﬁﬁlﬁé( K@M RDeQbolated by prec1p1tat1on with water and

di 1 sopropyl am ne in’'an organi ¢ solvent such

N, N-
filtrafion qréwaqmﬂ@mna@ﬁp@@npmrgm@lwﬁ pch a§digthyl stiey, eyl acetate, or a
halofg@ﬁatéd PeEbsebddfsoBRndudk s Shib S etinsthy e c$E8S.SThe resulting

NI G TN STREIEHIE NG AR S

stirrofg inamappropisiy dolozntdellowed brefiltadded and t he resul ting

reactio 4

B
reactipip Fedgm &YIth@u_imql@tme prd Tepeted @frlthahsn@qéberxgpw cétae apnmgnaiely
subs@tutbd Qi%/l or l’té?éf@ﬁxlely hatid@ bf hﬁﬁfu‘f’a Xﬁhﬁd&%é E&QW%@' & tu@hsition metal

f or mul hen i solated I n crude
Spe%‘fséHFlest Hﬂ d%s(dmhewlm%aselalna}#mqep% .dsf#liqsﬁpaél.ad@ﬂ(ﬂm qnyppropriate

solvbﬂittdir saﬂeﬂnﬁfxﬁﬁé,l [ﬁéi%rdb[}g@ [lﬂcinﬁﬂir&’ @ﬂtohﬁdﬁ@ hn@éthghtﬁtlﬂ e presence of an
rocarb

at at ed
exeeGh Pt pau8al HicRR o st Hes s eh ST SErHPge i pRBropriate
temperaides preferablp SOfta ﬂ@@?@rfopm apprephatnty lenptharfainegraaging fiom 0.5 to 48
houssl | 1 ca gel, crystallization or prolonged stirring in
an app riate solvent followed by filtration. In
cases \,\ng ageackien preadget afdpreryla { & thergisolated in crude form by precipitation

withchy B¢ aﬁ{dﬁfﬂ%’é‘dl&i &&tﬂ&tiorﬁnﬂi :Iﬁ; ﬁfg%’ﬂna&r Se8AYESIvER sUSPEL difthyl ether,
ethyWa?cetate or% h%wggx?atgc{ hydrgcryrbno% solvent such as chloroform or methylene chloride.
The product can be further purified by chromatography on silica gel, crystallization or prolonged

stirring in an appropriate solvent followed by filtration.
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di chl oropyridine is generated at | ow tenperature,
preferably at 0C, using a strong al kali hydride 10

wa@ a@h/0a3750di um hydride in a solvent such as PCT/US2003/036806
tetrahydrofuran, and reacted with the acid chloride of
a carboxylic acid (from hydrolysis of an ester of
formula VI) generated by an appropriate known
procedure, usually by the action of oxalyl chloride
activated by a catal ytic amount of N, N
di met hyl formam de in a sglyve uch as
tetrahydrof uran. The aniggggﬁéigeneral formula VIl are
processed into the products of formula | by 15
reaction with an appropriately substituted anyl gy
het er oaryl jbor eqi c aC|d or boron te e$ﬁer of ] fo
VI | Igdunder jjt he atm

nula
1

such t S- IiTD 'S %r ghen I pho{sphl e) pal | am.Fﬁ?n

(1)

[1,1 [ henylph p |Qo)feF} ce 4éﬁ$hl }Iadlu

Nn aN vent - ure

erabl 1 ni xture of C@bl uene and et a in the

pres n excess of an 20 aqueousxsol ofcgn

alka uch as sodi um carbonat e, gg/

appr oprl ¥ telBrerature, prefer abll%é % 100C, dor

an appr riate length of time rafRyi @3fron10 5to
hours. The resul tidgig rgaction pro@igt i s then isolated
in crude fogsn by grecipitation wtHgywater and
filtration gxax G -h¢ﬁ50 anappropriate organic
sol vent suc{ﬁas yl ethér, éthyl acetate, or a
hal ogenat ed Ay g#f pon sol vent such as chl orof orm or

met hyl ene ghl oride; The 25 producthemdn be further
purified by chro aphy on s>rherecoarvlge|

crystallization :r;LSIonged stirring in an
appropriate sol t xollo by filtration. Conmpounds
of formula I al’'so AR ai ned by reaction of a
conpound of fOrnula VII with an appropriately
substituted aryl or heteroaryl tributyl stannane of
formula I X under the catalysis of a transition netal
speci es such as trans-di bronobis 30

tri phenyl phosphi |l ad 1)
E 1r I1p kGi?lé(t o p I ne) pa@ﬁ?héﬁu;nng}(elslé of gé}xpounds of formulaI of this

inverfiof M AERR3) |aﬁqhtléﬁﬁédlate infbotifeyIRERERE 6EfoRhuR IaPRAtted With an

specl es suc i odi de an e vent
oo eI RN DR PPy it of RO el EBhations
descxﬂfed&@evl&&@ fociffoad a pepochdodf farrnda ZAVh;duclms dyshﬁedtblydhﬁ action of a
strong%gves%clg gsa é:otdlluorH h (51‘10(96 a%tdegé‘lb%ﬁfag&;eetg a?i%r@%?és’iér%? %mula X which is

processed into a compound of formula I via hydrolysis and amide formation as described above.
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-24 WD 2004/ 048377 PCT/ US2003/ 036806 Alternatively,

an ester of fornmula VI can be processed into an ester
wo@bookoussot a X by reaction with an appropri at el RCT/US2003/036806

substituted boronic acid or boronate ester, or with an

appropriately substituted stannane derivative under

the conditions described above, and the ester can be

hydrol yzed and transformed into an am de of formula l

5 The boronic acids of formula VIII or corresponding

boronate esters are usually obtained fromcomercia

sources. \Were requiredrgﬂﬂﬁﬁiban be prepared readily

fromthe corresponding halides via netallation with-

n-butyllithiumfollowed by reaction with a trial kyl

borate, or by using classical transition

nmet al - catal yzed coupl i procedures using di boron

pi nacol e§er.QThe sta egR? of fornula I & ar :

on

ger at ed|lf rorff the cofr di ng haR? des
i ni gX atopen Ut nbutylllt (

addfitio r|buty N chléﬂﬁﬂ% R7
PCT %O g erre 1 00R5 5
HROEL ) 3 Okt IT_Ac20 R4/ N-R{ Br /
OOIV QORRS |OEt(X|IHH\OEt - H X
X1v Re 23
ArR-R
NaH
1) Hydrolysis
2) SOClI, or CICO,iBu/Et;N RS Q Q
3) RNHR! \
Cmpdl = H o | OFt
/\ ~
R4 N N . R7
@
/S SArR2R®
RS
X

The diaryl or heteroarylarylamine intermediates of formula XIII were assembled
as indicated in Scheme 4. An appropriately substituted aniline boronic acid of formula XV is
coupled with an appropriately substituted aryl or heteroaryl halide of general formula X1 under
the catalysis of a transition metal species as described above to afford the formula XTI
compounds used in Scheme 3.
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15

INNIs R R4 R RA NCI NVI ~ 1 Ar(RR3)B(0R12 VIII)
V R7 Br Br or Ar(RZR3 &Bu3 (I X) 1) Hydrolysis Cat 0 O
WQ00806I327 or R 5 Cl C02i Bu/ Et 3N CEt 3) RNHR1 (PQT/US1003/$36806

NNOORIRE R5ER/ > NRRL ARRZI R' NNG
Ar(R2R3)B(OR)2 (VI1) 1) Hydrolysis Ror Ar(R 2 R

3)SnBU3 (I X) 2) SOCl2 or R7 U--\,Br Cl CQ2i Bu/ Et'3N Cat

3) RNHRL OO R5 VII | NRRL ~ R4 N Ar= Phenyl R6 or
heteroaryl R

Scheme 4
N  NH,
R!\ X XARZR® (XII) R\I\ X
Rs/ Z B(OH), ca Rs/ Z SArRPR?
XV XIII

Bromopyridine intermediates substituted at the 2-position by carbon based
nucleophiles of formula XVII, where R® is selected from R? moieties having a carbon-carbon link
to the pyridine, are conveniently prepared as shown in Scheme 5. The bromopyridine
intermediates are prepared from dihalides of formula X VI by treatment with an appropriate
solution of a Grignard reagent under the catalysis of a transition metal species such as
[1,1°-bis(diphenylphosphino)ferrocene]dichloronickel (II) in a solvent such as tetrahydrofuran at
a temperature range of —~10°C to room temperature and the resulting reaction mixture worked up

by well known procedures to afford the desired product.

Scheme 5
8
Br :K\ AL Bl
— |
N Br Cat KN/ RB

XVII

Halopyridine intermediates of type X VIII where the 2-substituent is an alkoxy
group OR’ are derived from dihalides of formula XVI by displacement with an appropriate alkali
alkoxide as outlined in scheme 6. The reaction is effected in a solvent such as N,N-
dimethylformamide at a temperature range of 0°C to room temperature and, upon completion of
the reaction, the products are isolated and purified following classical procedures.
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5~1'1 X, ArR2R3 | -26 WD 2004/ 048377

PCT/ US2003/ 036806 I n an alternative nmethod for the
w@e@parsari on of conpounds of formula I, outli n_dI/UB2003/036806

Schene 2 bel ow, an am de of forrmula VIl can be

transfornmed into a correspondi ng boronate ester of

formula XI by treatnent with an excess of diboron

pi nacol ester in the presence of an 5 inorganic salt

such as potassium acetate under the catalysis of a’

transition netal species such as :

trans-dibronnbis(triphenylﬁﬁagﬁﬁﬂie)palIadiun1(||) or

[1,1" - bi s(di phenyl phosphi no) ferrocene] di chl oropal | adi u
~m(Il) in a solvent such as N, N dinethyl formam de at

tenperat ur es; ing from 50 {9 00C for

tinme ranangg;ro 1 to 48 hours. The B

formul a Xi olated recipitati

and 10 flltratwon or extraéﬁ%Bﬁ fﬁ#@bgn appwopn

organi ¢ sol veg{;ysuch as diethyl ether, ethbeﬁcetate

or a hal ogenated hydrocarbon sol vent suchas

chl orof orm or net hyl ene chl oride. The resulting

product can be further purified by chromatography on

silica (here Qitarsiedl dtdszatfomulo KIK 0D D@hgﬁ\dhlchther 2-sutgtituent is sulfide,

st SBPLIRNL A RN UL e, o sopope
dlhak_zpygdme roatsepd X VIl is ir¢agtadrwitthan appBopriste thiastkoxedsi, usnally generated from
the %&rr]fea lo‘ﬂ)T &@ulflﬂg %f)ﬁ%}ﬁth@ qct‘ﬂ@qt &oa?str%ﬂ? b s Eﬁ‘ 88 aPlkali hydride

I‘O ri er.oar

ar
or ntbyfyllihivsm, ip @,smypgt SRFElp aﬁﬂd&mmﬁgy%mgq Qr @pthg%/ether at a temperature
raniro@n-%‘t@ tb'“roﬂﬁttéﬂn erSf8E 1 Bporbétsihiplagon of the reaction the products of formula

el et s g ot ecene b ot Lo e

ox1di)Ieelfte theeldoyregpchidingnsuifoxiides of smlfohemfdomnda ehtmobghi the acttﬂ)n of an
. pr. n e : e Q.

o BHEFRTE L Aan G i B fn T Soge He "isH oPCocalion
appropriate 20 tenperature, preferably 50 to 100C for
an appropriate length of tinme ranging fromO0.5 to 48
hours. The reaction produc@gﬂﬂﬂﬁﬁgnula | is then
isolated in crude formby precipitation

10 A
AN R™SM § Oxone
Br—m—Br M=NaorlLi_ Brﬁ—SR1O or peracid
= -
XVI XTX

Br— ——SO,R"
A2 7

n=1or2
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15

with water and filtration or extraction into an

appropriate organi c sol vent such as diethyl ether,
we@rlwl4s3cet at e, or a hal ogenated hydrocar bon sPCT/ES1003/036806

such as chl orof orm or nethylene chloride. 25 The

‘product can be further purified by chromatography on

silica gel, crystallization or prolonged stirring in

an appropriate solvent followed by filtration. -27 WD

2004/ 048377 PCT/ US2003/ 036806 Scheme 2 RS OO OR5 O

NRRL NRR1 /B-B\ I O~-NN/ RANNR7 RR Cat / Xl

VIl ~1 R6 B, Br R XArRZRR3 O OO (XIl R5 Cat (\ \

iNErRiR2 lRBTIhe Bﬂap'aﬂltiyn of ﬁ‘ﬁlﬁ%ﬂﬁr’ B%Jidinesﬁtéﬂnehﬁﬁe‘g P &klula kX%(S presented in
Scheme 8, requires treatment of a halopyridine ester of type XXI with a solution of an
appropriate Grignard reagent in a solvent such as diethyl ether at a temperature range of 0°C to
room temperature. If the reaction is carried out for a longer period or under reflux a halopyn'dine
carbinol of formula XXIII is obtained. In Schemes 8 and 9, R’ is Ci.¢alkyl and RSis methyl or
ethyl. '

Scheme 8
Brmcow
C 2
'B mCOORG R7M Br
r IKN J XXI1
Rg = Me or Et &TK OH
6~ / R7
N
XX11

Scheme 9 outlines an alternative seduence for the syﬁthesis of certain
halopyridine carbinols of type XXIII. When 2,5-dibromopyrine is treated with n-butyllithium in
toluene at —78°C followed by addition of an appropriate ketone or aldehyde and subsequent
quenching at —78°C, a carbinol of type XXIII results where the carbinol group occupies the 2-
position of the pyridine ring. If the metallation step is performed in diethyl ether, the same
process leads to an intermediate of formula XXIII in which the carbinol group occupies the 5-
position of the pyridine ring.
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Il In athird nethod used for the synthesis of

conpounds of fornmula | of this invention (schene 3),
wa@eoonissrnedi at e ni coti noyl acrylate of formul BCT/U$200%036806

reacted with an 5 appropriately constructed diaryl or

het eroaryl aryl amne of fornmula X1l under the ‘

condi tions described previously to afford a conpound

of forrmula XIV which is cyclized by the action of a

strong base such as sodi um hydride as descri bed above

to afford an ester of formula X which is processed

into a conpound of formul aScheme 8ydrol ysis and ani de

formati on as descri bed above. -28 WD 2004/048377

PCT/ US2003/ 036806  Schetien-BulNiZolugpeO Br

CEt ArR~ 2 R3 CEt /| Ry RreoRe R4 N C

L (X1 By XIV R AT H 1) Hydrk ysi

2) SOCI 2 or | COpi Bu/ Et3N R5  3) RNHRL Cnpd I
P .

N Br | xxa OH
, e
XV1 1) n-BuLli, ether HO
2) R"COR® R7 X
P
N A Br
XXIII

R’ and R® can be the same or different
either R” or R® can be hydrogen

Scheme 10 demonstrates the methods of synthesis for compounds of formula I in
which R? is a substituted phenyl or heteroaryl group. An intermediate compound of Type I where
5  R%is a halogen is reacted with an appropriately substituted boronic acid or boronate ester of
formula VII or tributyl stannane of formula IX using one of the methods described above to
afford the desired compound.

Scheme 10
R> 0 R® 0
AN NRR'  Ar'B(OR), AN NRR'
[ L] o L
Ré N" N R7 Ar'SnBuj Ré N™ "N~ a7
N Z A
Rs_\J\ X = RG— I
A“r' X ArAr!
RS B3

10
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R I~/- A'RRR3 R6 X The diaryl or
heteroaryl aryl am ne internedi ates of fornmula X1l were
was@eitsed as indicated in Scheme 4. An appr opCT/asm03/036806

substituted aniline boronic acid of formula XV is 5

coupled with an appropriately substituted aryl or

heteroaryl halide of general fornmula Xl | under the

catalysis of a transition netal species as described

above to afford the fornmula XIIl conpounds used in

Schene 3. -29 WO 2004/ 048377 PCT/ US2003/ 036806 Schene

4 7 NH2 Viqpeus fartRer tragsfqraREorsin PrefasgnoiydcaapoundppipRdula I are
el i, TSRO B8 RSN By o e
oxidfzs i g CX%P%ROHW% TogPN|oXidediyeie agiions Qs i RRPIppHakeioxidizing agent such

. as mAchlbriogerdx FRhBEID acidrdd @b ghésilim nﬁ)rfogelbﬁﬁplﬂuﬁlht@iu'ﬂﬁer ®hfinonly used

con ﬁ?%i{?g \ ?:i?sta%; ﬁvggﬁree akﬁ%@S?é@g%kigpg%a&gtge %rr(glg]u% is a ketone it is
convginizatly tessfafmdddntoanaoxitre ahylog theadghetht astidnfofdiydroxylamine in pyridine
as sAPRE ORI & suﬁ&lt%ﬂt (i)@?ag{l% Bxi ie? @Q{h% c%%%%%ﬂhﬁ%ggl%xihg St sulfone
catal ysi's of a transition netal Speciressuch=as
deriyative by Bpisg an phrraptigh @9 pHity of dreexidad wedhdisodyone onamkeghnic peracid.
(1) T NTRe 82hfEMatiRH OF a35ben Y16 HRIURRth&Eorresponding 2-pyridone
was accomplished by treatment with trifluoroacetic acid in a solvent such as methylene chloride
at room temperature or under slight warming. The removal of a tert-butyloxycarbonyl protecting
group from a piperazine ring is effected by reaction with trifluoroacetic acid in a solvent such as
1,2-dichloroethane at reflux temperature. In examples where a substituent on Ar is a
hydroxymethyl group it can be derivatized to the analogous halomethyl moiety using a
tetrahalomethane in the presence of a trisubstituted phosphine such as triphenylphosphine or
diphos in a solvent such as methylene chloride. The halide can be displaced by an appropriate

sulfinic acid sodium salt to afford the alkyl or arylsulfonylmethyl analog.
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a tenperature range of -10C to room tenperature and

the resulting reaction m xture worked up 10 by well
whpamn4gsrocedures to afford the desired producPCT/US2003/036806

Schene 5 R8MgX Br Br Br Cat N R8 XVI XVl

Hal opyri dine internedi ates of type XVII|I where the

2-substituent is an al koxy 15 group OR9 are derived

fromdi halides of formula XVI by displacenent with an

appropriate alkali al koxide as outlined in schene 6.

The reaction is effected in a solvent such as N N

di met hyl formani de at a teng‘@}%ﬂ%ﬂé range of OC to room

t enperature and, upon conpletion of the reaction, the

products are isolated and purifi-ed follow ng cl assi cal

pr ocedLl%ge -30 WD 2Q042048377 PCT/ USZD03/ 036806 NOH

%‘E%l \ R!gc]]—l §B, - ~N Br KO -Bu KOH N OR9 )]\
I M g Isnfer In
WhI r#ész SubStl_gﬂt

%ates of OFA‘R’}%H [
is sulfidé, A XM—N R

sul f'dne were requiredl~ they were attai ed as described R2
in Scheme 7. An appr@prlate 5 di hal opyri di ne of type

XVI is reacted with an appropriate thioal koxi de,

usual Iy generated fromthe corresponding thiol or

di sul fide through the action of a strong base such as

an al kali hydride or n-butyllithium in a solvent

h e hy! f asegmgiode or d h
S’gg‘%ératurfo‘f' ! gy ! gsoiede o E%jt A §\| N

N 2 = !
R N~ “OCH,Ph N 0
n=1or2 H
4’< /N TFA f{ / N\
Ar—N N—CO.tBu——  Ar—N NH
CH,OH H 11 11
-—Ari 2 CX, g—A r/C oX R'SO,Na %—A r/CHZSO2R
N\ N
R PY3 R2 Rz

The transformation of a 1-hydroxy-1-methylalkyl derivative such as exemplified
by compounds of type XXIV of scheme 12 into 1,2-dihydroxyalkyl analogs of type XX VI is
effected via initial acid-catalyzed dehydration, for example by heating in aqueous sulfuric acid,
to afford an intermediate 1-alkylvinyl species of type XXV which is transformed into the desired
diol XX VI by a dihydroxylation process, using for example an oxidant such as 4-
methylmorpholine N-oxide (NMO) in the presence of a catalytic quantity of potassium osmate
dihydrate.
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range of -78C to roomtenperature. Upon conpletion of
the reaction the products of fornmula X X are isolated
wa@ea4pu837T i ed fol |l owi ng cl assical procedures. A¢EUS2003/036806
products thus obtained can be 10 oxidized to the
correspondi ng sul foxi des or sul fones of formula XX
t hrough the action of an oxidizing agent such as
oxone or an organic peracid. In Scheme 7, R10 is H or
Cl_6al kyl. Schene 7 RLOSM\\ Oxone Br ; Br M= Na or
Li BrSRlc or peracid iéél Xllé Br rI J SORON n=1
or2 XX -31 WD 2004/ €PET/ US2003/ 036806 The
preparation of hal oacyl pyridine internediates of
formula XXIl, presented in Schenme 8, requires
treatnent of a halopyridine ester of type XXI with a

ut | o] of an appr op ignard r eag
oI h HSQl e P_y__ e at aN &_Lgn_
Br—‘T er tug£ wé

Tled?out f IongerNberle o e% ref x4
h opyridine car b| nol -formula XXI'lI is ai ned.
In“Schenmes .8 and 9, R7 is Cl1 _6al kyl and R6 is nethyl

ogxr¢t hyl . Schenme 8 Br R/ ~N~ Br- J COOR&KWXii i

EXAMPLES
5 EXAMPLES of the present invention are summarized in the following table
referring to Formula (I):
Table 1

10

EX. R R R’ R’ R* R°

H i-pr 3-C(O)Me H H H

2 H “_ 3.COMe | H H H

\ N
Cl
3 H i-pr . 4-n-propyl _H H H
H. i-pr 4-C(O)Me H H H
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N XXI

R7 R6 =

Me or Et

Br

J OH NR10 XXl

Schene

9 outlines an alternative sequence for the synthesis

wotoogeus3ai n

2,5-di bronmopyrine is treated with n-butyllithiumin

t ol uene at
ket one or
-78C, a carbi nol
car bi nol

of type XXl II

hal opyri di ne carbi nols of type XXPCT/WhEN3/036806

-78C foll owed by addition of an appropriate
al dehyde and subsequent 15 quenchi ng at
results where the
group occupies the 2- position of the

pyridine ring. If the netallation step is perforned in
gExethyl egher,| thegsane prgg?ss Iead§3to an p4 R®
rhterfedate of —f-ornuta i i ot
dr oup| occllpi es| t h&ps- posi t2-Me of |[thelbyridi nE rijng. H
-32 WD 2004/ 048377 PCT/|US2003/ 036806 Schejmre 9 1)
n-Buti—totueng Br Br ) RICO 8 8TV N R |NBr TRI
8l XviM&) ni BUBPr ethet-GlMe 2) R g r7HN B H
XXI'11|R7 gnd R8 capgybe thﬁ(ggﬂqeor di fferent g H
11 H i-pr 4- H H H
™\ (o]
g-N\_,NJ(O
16 H c-pr 4-CH,OH H H H
18 H c-pr 4-SEt H H H
20 H Cc-pr 4-SO,NH, ‘H H H
21 H i-pr 3-OEt H H H
22 H i-pr 4-SMe H H H
23 H i-pr 3-C(O)Me 4-OH H H
49 H i-pr 4-SO,Me H H H
52 H c-pr 4-SO,Et H H H
53 H c-pr 4-S(O)Et H H H
54 H i-pr 4-C(=NOH) H H 'H
Me
55 H i-pr g_N""\NH H H H
4.0~
56 H C-pr 4-CH2802M6 H H H
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either R7 or R8 can be hydrogen Schene 10 denonstrates
t he nmet hods of synthesis for conpounds of fornmula I in

wokiogh48327 i s a substituted phenyl or heteroar yPCUS20p3/036806

An internedi ate conpound of Type | where 5 Rais a
hal ogen is reacted with an appropriately substituted
boroni c acid or boronate ester of formula VII or '
tributyl stannane of fornula | X using one of the

met hods descri bed above to afford the desired
conpound. Schenme 10 R5 OO R5 OO NRRL AriB(OR)2 i |
NRRL or RN NNN 7 AriSnBliablR24 7 4 R6 cat 6 R R
R \~~\ X1 AA A’Ar RB-R13 | | 10 -33 WO

2004/ 048377 PCT/ US2003/ 036806 Various further
transformati ons on pre-assenghed gonpounds of formula -
| are illustrated in Schene cases where the Ar

group is a pyridine or ~ R't can be
oxi di zed to the corrgsponding njtrogen oxide by the
action of .an appropri ate iiz1 ng &gent such
C ]
S &/RZ
RS E ]
i
O(n)
EX. | R R' - R’ R°| R*| R® | n
Position *
7 H i-pr .3 H H H H 0
10 | H ¢ 3 H H| H| H | O
245
Cl
14 | H c-pr 3 H H| H| #H | o
15 H i-pr 3 5-SMe H H H 0
17 H C-pr 4 H H H H 0
24 H i-pr 3 5-COOQEt H H H |- 0
25 H i-pr 3 5-CMe,OH H H H 0
2% | H i-pr 3 6-CH,CHMe, H| H| H o
27 H i-pr 3 5-C(O)Me H H H 0
28 H 1-pr 3 6-Me H H H 0
30 H H 3 6-CMe,OH H H H 1
32 H C-pr 3 5-SO,Me H H H 0
33 H c-pr 2 4-CMe,OH H H H 1
34 H c-pr 2 5-CMe,OH H H H 0
35 H c-pr 4 3-CMe,OH H H H 0
36 H C-pr 4 3-CMe,OH H H H 1
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as m chl or oper oxybenzoi c acid or
nonoper oxypht hal at e under

w0 p00dass337 wher e one or

Ar group is a ketone it

is

into an oxi me anal og through the action of
A sul fide

hydr oxyl am ne i n pyridine
is easily oxidized to the correspondi ng
sul f one

substi t uent
sul f oxi de or

as sol vent.

magnesi um
comonly used 5 conditions.
nore of the substituentBCDOS1008036806
conveni ently transforned

derivative by using an

—appropri-ate—guantity—-gf —an-ox-dant—sueh-—as—oxene—ofr—ah
EX.of g&i G peRhC|d..?he.transforRﬁtion of | R* | R® | n
o vaelnceomi Lo8HOB { catmont— et Huorqacet i
37aci dHin acgwl vént 3uch as ﬁbS@ﬁHﬁne chl &ijdeH alt Eboﬁ10
s {EMRgr atupsyor | under ST ot gigip no. They Temval & ¢ o

tert—ogtyroxyearvonyr—protectt ng—grogp i roma
39 p| péf azi ne-pri ng i 3 ef flect ed &Me eact i onHailt hH H 0
40t4 |fﬁuor0@c§r C ao3'd‘|n a@@d@@}: such gp H H 0
Z= Ul LA UEL Ialrre at il CI I UA lEllprdl Uir . ' ©XAITPT ©
41 ) edt a sehutifuend on Ar isS5aBhydroxynmdk hylHgrlouf it O
420bnfpe deriyatizedyto jthe @mﬁjﬁﬁﬂﬁ hdlgpethM[ mogety o
UpT 11 5 tettahato ttane T the presence Ol |d
43t i Hibdt i Crfed| phokphijne e 'Pﬁboﬂ'l nhpﬂlll nhlsphi He br 0
44 d| phips |i ncayrsolvent such ascowpdloffene (ci orige.| The 1
a5 e e L Lo e R L8 | | o
46 af ylpsul |f emykyret hyl 3 anal og. 6(34hwnq2004lgn8373 H 0
47 e SNl ar pe o2 CRMEOH 7 3 S L Bg S| O
48 SR1AD] |- Ac-IsOnR10 2 THA " &RENEDH H H 0
50 H c-pr 3 6-SO,Me H H H 0
51 H 1-pr 3 5-SO;Me H H H 0
59 H i-pr 3 H H| H H 1
60 | H © 3 H H| H| H |.
245
@]
61 H i-pr 3 5-COOEt H H H 1
62 H _ i-pr 3 5-CMe,OH H H H 1
63 H i-pr 3 6-CH,;CHMe; H H H 1
64 H i-pr 3 6-Me H H H 1
65 H C-pr 3 H H H H 1
66 H c-pr 3 6-CMe,0H H| H| H 1
67 H c-pr 4 H H H H 1
68 H c-pr 3 5-Br H H H 1
73 H i-butyl 3 6-CMe,OH H H H 1
74 H c-pr 3 6-Me H H H 1
75 H C-pr 3 6-SO,Me H H H 1
76 H Cc-pr 3 6-CMe,OH H H 5-Br 1
77 H c-pr 3 6-CMe(CH20H)OH | H H H 1
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N OCH2Ph HO n=lor2 = TFA /-1 Ar-N NN -CO2tB - Ar-
NNH - ArCH2OH CX4 (CH2X R11SO2Na / CH2SO2R11 \ R2
wo-20pB37Ar\ 2 PY3 R R The transformati on of aPCT/US2003/036806
1- hydroxy-1|-nmet hyl al kyl derivative such as exenplified
“by conmpounds of type XXIV of schene 12 into.
1, 2-di hydr oxyal kyl anal ogs of type XXVI is 5 effected
via initial acid-catalyzed dehydration, for exanple by
heati ng i n aqueous sulfuric acid, to afford an
internedi ate 1-al kylvinyl species of type XXV which is
transfornmed into the desired diol XXVI by a
di hydroxyl ati on process, usTageBor exanple an oxi dant
such as 4- nethyl norpholine N-oxide (NMO in the
presence of a catalytic quantity of potassium osnate
di hydrate. 10 -35 WO 2004/ 04377 &CT/ US2003/ 036806
Schene 12 (OH Br OH H2SO4 Brj NMJj Br (H{/~NJ R7 H20
"NJ R7 KGsO4 TN R7 | XAV XXV XXV

|
R*— |
\N N R
]
VA
RO Ar
Example R R! Ar R? RS
8 H 1-pr indol-5-yl H H
12 H i-pr quinolin-3-yl H H
13 H i-pr pyrimidin-5-yl H H
19 H c-pr 3-thienyl H H
29 H c-pr 1-oxidopyrimidin-5-yl H H
57 H c-pr S,ﬁ H H
N Yo
H
72 H i-pr 1-oxidoquinolin-3-yl H H
Table 4
O O
i
X N~ R
e A s
pZ
N N
S
N 1
; A Ar.Ar
R




EXAMPLES 5 EXAMPLES of the present invention are
sunmarized in the following table referring to
wo-eonohss7{1): Table 1 OO NRL R4~ 1 R N N /PCT/RS2083/036806

6/~ R R3 10EX RRRR RBRRA R 1 Hi-pr 3-C(O M
HHH 2HcI3C(O) HHH NC 3 Hi-pr 4-n- ro |
HHH 4 Hi-pr 4-C(OM HHH-36 WO 2004/ 048377
PCT/U82003/036806 EX. RR RR RBRARES5HIi-pr 2-M
HHH 6 M i-pr -CCOM HHH 9 Ht-bu 4-C(OM HH

H
. 1 ' 1 4 6
Example R R Ar Ar R R
31 H 1-pr Ph 4-(pyridin-3-y1) H H
H
58 H cpr | . Pyridin-3-y1 2 73" H | H
, o~
O
69 H c-pr Pyridin-3-yl < on H H
A
H
70 H c-pr | 1-oxidopyridin-3-yl 7 83¢° H | H
3O~
Q
71 H c-pr | l-oxidopyridin-3-yl & on H H
: ' 7\
;3O

Table 5

c-pr H H Uy N
‘ O
~ l
A e
H H
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11 Hi-pr 4- HHH 16 H c-
HHH 20 Hc-

pr 4- SEt

pr

4-CHROH HH H 18 H c-
pr 4-SO2NH2 HH H 21 Hi-pr

WR20E0487H H 22 Hi-pr 4-SMe HH H 23 H i-prrGrCSI)MEs6806

4-OHHH 49 Hi-pr 4-SO2M HHH 52 H c-

HHH 53 H c-

4- CH2SC2Me H H H

pr 4- SO2Et

pr 4-S(OEt HHH 54 Hi-pr 4-C(=NOH)
HHH M 55 Hi-pr ,

N/-"\ NHHHH 4-

Table 2 O0 NN\RL RA NNRR2 R6 NR3

u 56 Hc- pr

- 37 WO 2004/ 048377 PCT/ US2003/ 036806

R' R’ R’ Ar
c-pr H H
N
5 I’\{N
4 |\ o]
Q/
[}
&
i-pr 7-Me H SJ
O
i-pr H 5-Me S¢
O
c-pr H H
S5 CF
To—E
N  CF
c-pr H H
SN
) | ~
N
c-pr H H I s
ST
L.
N
c-Bu H 6-F N-O,
/
52 X N/>\
®
N
o
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5

37 HCG pr 3 6-S021- r HHHO 38 Hc- pr 3 6-Ov HH
HO 39 Hc- pr 3 6-M HHHO 40 Hc- pr 3 6-0CHCF3
wolod4lu377 41 HC pr 3 5-Br HHHO 42 HC pPC"B(US2003/036806
6-OCH2Ph HHH O 43 Hc- pr 3 6-C(c-pr)20HHHHO
44 Hc- pr 2 5-Cv2 OHHHH1 45 Hc- pr 3 6-Cve2 OH
HHHO 46 Hi-butyl 3 6-CM2 OHHHHO 47 HC pr
3 6-Cv2 OHHHD5-Br 0O 48 Hc- r 2 6-CM2CHHHHO
50 Hc- pr 3 6-SO2M HHHO 51Hi-pr35802|\/|eHH'
HQ 'SOHi pr—3—HpH-H-H-1 6{)5-1504 FHHHHA+—=t
Hi-RY 3 5- 000t HRH HL 62 Hi*pr 3 5-Cwve20H HAM H 1
63 Hi-pr 3 6-ICHCHW2 HHH 1 64 Hi-pri3 6-Ms HHH |
1 65rHc- pr 3 HHHH|1 66 HEB- pr 3 610w HHH
1 67Hc-pr4HHHHTL 68 Hc- pr 3 5-Br
/
c-Bu H H o N-NH
: | N
N
OH H H p°
> j" | N  OH
%_</\>._€
OH H H L
N OH
a Ho~
EXAMPLE 1

N-Isopropyl-1 -[3-(3—aqetylphenvl)phenvl] -1.4-dihydro[1,8Inaphthyridin-4-one-3-carboxamide
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30

73 Hi-but | 3 6-CM2OHHHH1 74 Hc- pr 3 6-Me HH
H1 75 Hc- pr 3 6-SO2M HHH1 76 Hc- pr 3
WoG20Me23H H H 5-Br 1 77 H c- pr 3 6- Cve( CH2O0HHUK20bB/636806

1 -39 WD 2004/048377 PCT/ US2003/ 036806 Table 3 O O

RR RA~RNNA R6 5 Exanple RR Ar RA R6 *8 Hi-pr
indol-5-yl HH 12 Hi-pr uinolin-3- | HH 13 Hi-pr
rimdin-5- 1 HH 19 Hc- pr 3-thienyl HH 29 H C pr
l-oxido mdin-5- 1 HH 57 Hc-pr HH | NoO H

Step 1: Ethvl 3-(3-bromoanilino)-2-(2-chloronicotinoyl) acrylate.

A mixture of ethyl 2-chloronicotinoyl acetate (41.1g, 180.5mmol), triethyl
orthoformate (40.12g, 271mmol) and acetic anhydride (92.05g, 902.5mmol) was heated at 130°C
for 2.5 hours. The volatile components were distilled off and the residue was co-evaporated
twice with xylene. The oily residue was dissolved in methylene chloride (250mL) and 3-
bromoaniline (37.25g, 216.6mmol) was added slowly. The resulting solution was stirred at room
temperature for 18 hours, and the solvent evaporated away. The resulting crude compound was

used as such in the next step.

Steo 2: Ethyl 1-(3-bromophenyl)-1.4-dihydro[1, 81naphthvr1d1n-4 -one-3-carboxylate.
The crude compound from Step 1 was dissolved in tetrahydrofuran (500mL), the

solution was cooled to 0°C, and sodium hydride (as a 60% dispersion in oil , 9.4g, 235mmol)
was added in portions. After stirring at 0° for 1 hour, the mixture was allowed to warm up to
room temperature. After 2 hours, water (400mL) was added to the suspension and and the
insoluble solid was filtered and washed copiously with water. When dry, the solid was stirred in
ether (150mL) at room temperature for 24 hours and filtered to afford the title compound as a
cream-colored solid.

'H NMR (Acetone-ds) & 1.32 (t, 3H), 4.29 (q, 2H), 7.54-7.63 (m, 2H), 7.69 (dd,
1H), 7.78 (dd, 1H), 7.93 (s, 1H), 8.66-8.71 (m, 3H).

Step 3: 1-(3-Bromophenyl)-1.4-dihydro[1,8Inaphthyridin-4-one-3-carboxylic acid

A suspension of ethyl 1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-
carboxylate from Step 2 (52.5g, 140.7mmol) in a mixture of tetrahydrofuran (400mL), methanol
(400mL) and 1N aqueous sodium hydroxide (280mL) was heated at ca 50°C with stirring for 20
minutes. After cooling, the mixture was diluted with water (300mL) and 1N aqueous HCl

(325mL) was added. After stirring for 45 minutes, the precipitate was filtered, washed well with
water and dried to afford the title acid as a cream-colored solid.

'"H NMR (Acetone-dg) 8 7.65 (t, 1H), 7.76 (m, 2H), 7.84 (d, 1H), 7.99 (s, 1H),
8.87 (m, 2H), 9.01 (s, 1H).

Step 4: N-Isopropyl-1-(3-bromophenyl)-1.4-dihydro[1,81naphthyridin-4-one-3-carboxamide.
To a suspension of 1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-
carboxylic acid from Step 3 (26.3g, 76mmol) and triethylamine (23.2g, 230mmol) in

_45 -



10

15

20

25

72 Hi-pr 1-oxido uinolin-3- | HH Table 4 OONR 4
RR NNA Ai 10 R6 -40 WO 2004/ 048377
wOEAAE3003/ 036806 Exanple R R Ar Ari R4 R6 BAT/HS100p036806

Ph 4-( ridin-3- 1) HH 58 Hc-pr Pyridin-3-yl HHH

69 Hc-pr Pyridin-3-yl NOHHH 5 70 Hc-pr ‘

1-oxidopyridin-3-yl t% HHH %5 7 1 H c-pr

1-oxi dopyridin-3-yl NOHHH 5- Table 5 OO0 56 s

N~R C 4 R4A= H
tetrahydrofuran (1000mL) at 0°C was added isobutyl chloroformate (18.85g, 138mmol). After
stirring at 0°C for 2 hours, isopropylamine (23g, 390mmol) was added and the mixture was
allowed to warm up to room temperature and stirred overnight. The mixture was then
partitioned between ethyl acetate and water, the organic phase was dried and evaporated to a
solid which was stirred in ether at room temperature for 3 hours and filtered to afford the N-
Isopropyl-1-(3-bromophenyl)-1,4-dihydro[1, 8]naphthyr1d1n -4-one-3-carboxamide as a white
solid. :
"H NMR (Acetone-d 6) 8 1.25 (d, 6H), 4.17 (m, 1H), 7.59-7.63 (m, 2H), 7.70 (d,
1H), 7.80 (d, 1H), 7.94 (s, 1H), 8.73 (m, 1H), 8.78 (d, 1H), 8.85 (s, 1H), 9.61 (br, NH).

Step 5: N-Isopropyl-1-[3-(3-acetylphenyl)phenyl]-1.4-dihvdrof1.8naphthyridin-4-one-3-
carboxamide

A mixture of N-Isopropyl-1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-
one-3-carboxamide from Step 4, 3-acetylphenylboronic acid (1.2eq.), trans-
dibromobis(triphenylphosphine)palladium (I) (0.05eq.), toluene (6mL/mmol ), ethanol
(2mlL/mmol ) and 2M aqueous sodium carbonate (8eq.) was refluxed for 1 hour under a nitrogen
atmosphere. The mixture was diluted with ethyl acetate and the organic phase was washed with
water and brine, dried and evaporated. The crude product was chromatographed on silica gel
eluting with a gradient of 20-40% ether in methylene chloride to afford the N-Isopropyl-1-[3-(3-
acetylphenyl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide product as a solid.

'"H NMR (CDCls) § 1.29 (d, 6H), 2.65 (s, 3H), 4.28 (m, 1H), 7.47 (m, 2H), 7.55
(t, 1H), 7.65 (m, 2H), 7.80 (m, 2H), 7.95 (dd, 1H), 8.19 (brs, 1H), 8.70 (dd, 1H), 8.81 (dd, 1H),
9.05 (s, 1H), 9.65 (br, NH)
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3A 5R4. RRRA, c-pr H

41 WO 2004/ 048377

wWEOAO83003/ 036806 R R R6 Ar c-pr HH N O NCT/USDHO3/036806
i Me [

EXAMPLE 2

N—(2,6—Dichlofopv1‘idin—4—vl)-1—[3-( 3-acetylphenyl)phenvl]-1.4-dihvdro[1.8naphthvridin-4-one-
3-carboxamide

5
o OCI /'N
DAaARD
pZ H Cl

Step 1: Anion of 4-amino-3,5-dichloropvridine.

A suspension of sodium hydride as 60% dispersion in oil (360mg, 9mmol) in
10 tetrahydrofuran (15mL) was cooled to 0°C. A solution of 4-amino-3,5-dichloropyridine (978mg,
6mmol) in tetrahydrofuran (15mL) was added slowly. The resulting mixture was kept at 0° for
2.5 hours.

Step 2: Acid chloride of 1-(3—b_romophenvl)—1,4—dihydro[1,8]ﬁaphthvridin—4-one-3-carboxvlic
15  acid.

A suspension of 1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-
carboxylic acid from Step 3 of Example 1 (690mg, 2mmol) in tetrahydrofuran (12mL) was
cooled to 0°C, and oxalyl chloride (381mg, 3mmol) was added, followed by 2 drops of N,N-
dimethylformamide. The resulting mixture was then stirred at room temperature for 1 hour then

20  refluxed for 45 minutes and cooled to room temperature.

47 -



10

15

20

i-pr H5-Me ci c-pr HHS CF3 s OH NCF3 c-pr HH

N c-pr HHs Nc¢c-Bu H6-FNO I i N N i 0O-42 WO
wQoe40®s3877 PCT/ US2003/ 036806 R R Ar 6- F H NeGYDUK1003/036806

ooNo S d H

Step 3: N-( 2,6-Dichlorop§ridin—4—yl)—1-( 3-bromophenyl)-1.4-dihydro[1 ,8]naphthvridin—4~one-3—

carboxamide.

The mixture from Step 2 above, as a brown suspension, was added via syringe to
the cold suspension of Step 1. The resulting mixture was stirred at room temperature for 18
hours, quenched with aqueous saturated ammonium chloride solution and partitioned between
ethyl acetate and water. The crude product from evaporation of the organic phase was triturated
with ether (50mL) and filtered, affording the N-(2,6-Dichloropyridin-4-yl)-1-(3-bromophenyl)-
1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide as a beige solid.

"H NMR (Acetone-dg) 8 7.61-7.70 (m, 2H), 7.76 (d, 1H), 7.81 (d, 1H), 8.00 (s,
1H), 8.62 (s, 2H), 8.80 (br s, 1H), 8.86 (d, 1H), 8.99 (s, 1H), 12.1 (br, NH).

Step 4: N-(2.6-Dichloropyridin-4-yl)-1-[3-(3-acetylphenyl)phenyl]-1.4-dihydro
[1,8Inaphthyvridin-4-one-3-carboxamide.

Following the procedure of Step 5 of Example 1, but substituting N-(2,6-
dichloropyridin-4-yl)-1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide
from step 3 for N-isopropyl 1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-
carboxamide, the N-(2,6-Dichloropyridin-4-yl)-1-[3-(3-acetylphenyl)phenyl]-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide compound was obtained as a solid.

"H NMR (CDCl3) § 2.65 (s, 3H), 7.47 (d, 1H), 7.50-7.60 (m, 2H), 7.70 (m, 2H),
7.82 (d, 2H), 7.98 (d, 1H), 8.20 (s, 1H), 8.55 (s, 2H) 8.75 (brs, 1H), 8.92 (dd, 1H), 9.14 (s, 1H),
12.08 (br, NH).
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N5-F4-F i-pr HHNo i-pr HHN i-pr HHM | 'O
M N c-pr HHo O c¢ci HHNNH cl -43 WO

wQoe40®s3877 PCT/ US2003/ 036806 R R R Ar  c- prPE&I/HS203/036806
c-BU HH~+ N NH ONN OCHHHONOH

EXAMPLE 3

N-Isopropyl-1-[3-(4-n-propylphenyl)phenyl]-1.4-dihydro[1,81naphthyridin-4-one-3-carboxamide o

O O CHg
=
N N
5 CHgj
Following the procedure of Step 5 of Example 1, but substituting 4-n-
propylphenylboronic acid for 3-acetylphenylboronic acid the title compound was obtained as a
white solid. '
10 'H NMR (Acetone-ds) 8 0.93 (t, 3H), 1.24 (d, 6H), 1.65 (m, 2H), 2.62 (t, 2H),
4.18 (m, 1H), 7.31 (d, 2H), 7.58-7.61 (m, 2H), 7.68-7.72 (m, 3H), 7.87 (d, 1H), 7.95 (s, 1H), 8.72
(m, 1H), 8.78 (dd, 1H), 8.92 (s, 1H), 9.66 (br, NH). -
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OHHH NOH EXAMPLE 1 5 N Isopropyl 1 f3-
3-acetyl nhenyl ) phenyl | -1 4-di hydroll
w@bkovapishyri di n- 4- one- 3- car boxami de O O CH3 JPqd/US20034836806
H NNO ~ CH3 -44 WO 2004/048377 PCT/ US2003/ 036806
Step 1: Ethyl 3-(3-bronoanilino)-2-(2-chloronicotinoyl)
~acrylate. A mxture of ethyl 2-chloronicotinoyl
acetate (41.1g, 180.5mml), triethyl orthoformate
(40.12g, 271mmol) and acetic anhydride (92.05g,
902. 5mmol ) was heated at ' for 2.5 hours. The
BRSPLE:

vol atil e conponents were 4 off and the residue

resulting solution was stirred at room tenperature
for 18 hours, and the sol vent evaporated away. The
resul ting crude conpound @as isedChHg such in the next
step. 10 Step 2: Ethyl 1-([3-br rmg@ yl)-1 4-di hydro[1
yl aye. "Thiy crude conpound
fromStep 1 was dis ol/ t etlahydr of uran (500n),
the solution was coOON 0C, and sodi um hydride (as
a 60%dispersion in oil, 9.4g, 235mvpl) was added in

portions. After stirringzatN0 for 1 hour, the m xture
was al l owed to warmup o |
™

Following the procedure of Step 5 of Example 1, but substituting 4-
acetylphenylboronic acid for 3-acetylphenylboronic acid the title compound was obtained as a
solid.

"H NMR (Acetone-dg) § 1.25 (d, 6H), 2.61 (s, 3H), 4.17 (m, 1H), 7.59 (m, 1H),
7.70 (d, 1H), 7.76 (t, 1H), 7.92 (d, 2H), 7.97 (d, 1H), 8.07-8.10 (m, 3H), 8.72 (brs, 1H), 8.78 (dd,
1H), 8.92 (s, 1H), 9.65 (br, NH). :
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15 roomtenperature. After 2 hours, water (400nL) was
added to the suspension and and the insoluble solid

worm4pid3rer ed and washed copi ously with wat er. PANER2003/036806
dry, the solid was stirred in ether (150nmL) at room
tenperature for 24 hours and filtered to afford the
title conpound as a creamcolored solid. 1H NWR

(Acetone-d6) 81.32 (t, 3H), 4.29 (q, 2H), 7.54-7.63

(m 2H), 7.69 (dd, 20 1H), 7.78 (dd, 1H), 7.93 (s,

1H), 8.66-8.71 (m 3H). Step 3: '

1- ( 3- Bronophenyl ) - 14- di hyBK&MPLE 5

8l napht hyri di n- 4- one- 3- car boxyl i ¢ aci d A suspensi on of

et hyl

N—IS PIO g{o_ eaip el Naln

- carboxylatefromStep 2 (52 Sg 140 7mm|) in a
m xture of tetrahydrofuran (400nl), rret hanol 25
(400m) and I N aqueous sodhum Qydr @i .(280m.) was

heated at ca 50C with stir
-cooling, the m xtur
and | N aqueous HO (|B25
for 45 mnutes, the i
well with water and ie
a creamcolored solid. 1
1H, 7.76 (m 2H), 7.84
8.87 (m 2H), 9.01 (s, 1W. Step'd:
N- | sopr opyl - 1-( 3- brormphenyl) | hydrol 1

i ng||for 2 mnutes. After

e %{ater (300n.)

s agped. "After stirring

te was filtered, washed

to afford the title acid as

NVR (A%%one-dG) 8 7.65 (t,
P9 (s, 1H), 30

8l napht hyri di n- 4- one- 3- car boxamn To a suspension
of
1- (3- bronmophenyl ) -1, 4-di hydr o[ 1, 8]naphthyr|d|n 4-one-3
- carboxylic acid fron1Step 3 (26.3g, 76nnDI) and

triethy i 7

ber) SR B oo s ﬁf%g}lé? o gﬁ;‘g‘ Rt e
methydphsdylbswiin aeid fpm%acetryhﬁway bore®. gihthe 1ig sHBPundaypsehbtained as a
solidtirring at OC for 2 hours, isopropylamnmne (23g,

oo e B TS S B P 9. 192734 o

4H),M. 5{6-01166 (maSHl),hBG‘S (@), 71701t dEH.8. Mean, HDh§I784ddt1a)e 8.92 (s, 1H),
9648(8 ;}ﬁ%t the organi c phase was dried and evapor at ed
SO|Id which was stirred in ether at room
tenperature for 3 hours and filtered to afford the N
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| sopropyl -1 -(3-bronmophenyl) -1, 4-di hydr o[ 1, 8] napht hyri d
i n-4-one-3-carboxam de as a white solid. 1H NWR
W@ 2wetesserd 6) 8 1.25 (d, 6H), 4.17 (m 1H), 7PE&RUF20638036806
(m 2H), 7.70 (d, 1H), 7.80 (d, 1H), 7.94 (s, 1H),
8.73 (m 1H), 8.78 (d, 1H), 8.85 (s, 1H), 9.61 (br,
NH). 10 Step 5:

N- I soproRyl - | -f3-(3-acetyl phenyl ) phenyl | -1, 4-di hydr of
1, 8l napht hyri di n- 4- one- 3- carboxanide A m xture of
N- | sopropyl -1 -(3-br ormph & di hydro[ 1, 8] napht hyr

i di n-4- one- 3- carboxanid ron1 tep 4,
3-acetyl phenyl boronic acid (1.2eq.),.trans 15
N—Isog%@ggﬁoﬁbfﬁ(’f i '[9 I@E Qé{é,tﬁg SR qg”)VPIai L2y rg |8|]ﬁaohthvr1d1n 4-one-3-
7 o , et hanol  (Zm./ mol )
JEQX&M&QEM aqueous sodlun1carbonate (8eq.) was refluxed
for 1 hour under a nitrogen atnosphere. The m xture
was diluted with ethyl acetate and the organi c phase
was washed with water ang brigme, @nijed and
evapor ated. The crude progluct hr omat ogr aphed on
silica gel eluting 20-40% et her in
net hyl ene chl ori de t hel N- 1 Sopropyl - 1-[3- (3
20 CH
acetylphenyl)phenyl]-w,4-§ hydr o[ 1, 8] napht hyri di n- 4-on
e- 3-car boxam de product as~a solid. 1H NWR (CDC13) 8
1.29 (d, 6H), 2.65 (s, 3 4.28 (m 1H), 7.47 (m
2H), 7.55 (t, 1H), 7.6¢ ) .80 (m 2H), 7.95
(dd, 1H), 8.19 (brs, 1H), 8. 1H), 8.81 (dd,
1H), 9.05 (s, 1H), 9.65 (br, ©46 WO
2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 2
- N-(2,6-Dichloropyridin-4-yl)-1-[3-(3Egetyl phenyl ) phen
yll-1 4-di hydro [ 1 8l napht hyri di n-4-one-
3-carboxani de 5

Step 1: N-Isopropyl-N-methyl-1-(3-bromophenyl)-1.4-dihydro[1,8Inaphthyridin-4-one-3-
carboxamide

Following the procedure of Example 1, Step 4, but substituting N-isopropyl-N-
methylamine for isopropylamine the N-Isopropyl-N-methyl-1-(3-bromophenyl)-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide was obtained in as a yellow solid.

"H NMR (Acetone-dg) (Appears as two rotamers of the amide) § 1.18 (m, 6H),
2.85 (s, 3H), 4.05 (m, 0.5H), 4.84 (m, 0.5H), 7.49-7.64 (m 3H), 7.72 (d, 1H), 7.86 (s, 1H), 8.14
(s, 1H), 8.65 (d, 2H).

Step 2: N-Isopropyl-N-methyl-1-[3-(4-acetylphenyl)phenyll-1.4-dihydro[1.8Inaphthyridin-4-
one-3-carboxamide

Following the procedure of Step 5 of Example 1, but substituting N—1sopropyl-N-
methyl-1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from step 1 for
N-isopropyl 1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide and 4-
acetylphenylboronic acid for 3-acetylphenylboronic acid the N-Isopropyl-N-methyl-1-[3-(4-
acetylphenyl)phenyl]-1,4-dihydro[1,8Inaphthyridin-4-one-3-carboxamide compound was
obtained as a white solid.
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15

OOCCI NHNNCL OCH3 Step 1: Anion of
4-am no- 3, 5-di chl orop ridine. A suspension of sodium
whya@niogs7as 60% di spersion in oil (360nmg, 9MmMoOPQT/UR2008036806
tetrahydrofuran (15nL) was cooled to OC. A solution of
4- am no- 3, 5-di chl oropyridine (978ng, 6mmol) in
tetrahydrofuran (15nL) was added slowy. The resulting
m xture was kept at 0 for 2.5 hours. Step 2: Acid
chloride of 1-(3-bronophenyl)-1 4-dihydro[l
8l napht hyri di n-4-one-3-carbox laic 15 acid. A
sus penstéNMR (CDCl3) (Appears as two rotomers of the amide) 8 1.23 (m, 6H), 2.62 (s,
- I, - ; 1| I |
s, o OTRRASPAR) nbrf Aot St 05633, 6.14 .
0.5En%dl §s, Pt e} P2 MM dHBE: §r72r8-#0 G Y Hwas  cool ed to 0OC, ~
and oxalyl chloride (381ng, 3nmmol) was added, foll owed
by 2 drops of N, N dinet f L de. The resulting
m xture was then stirredhé%Asbgﬂg?enperature for 1
hour then 20 refluxed for 45 mnutes and cooled to

@%%%—gl)g@%&ﬂ%?&%ﬂ%ﬂoqﬁ%?n%%hthvridin#—one-ﬁv’ -carboxamide

N- (2, 6-Di chl oropyridi n-4-yl)-1-(3-bronmophenyl)-1,4-dih
ydr o[ 1, 81napht hyri di n- 4- one- 3- car boxam de. The

m xture from Step 2 above,Oas @ br &y suspensi on, was
added via syringe to _the ol djlsuspension of Step 1.
The resulting m xtur T retlat Gldom t enperature
for 18 5 hours, que aglleous sat urat ed
amoni um chl ori de sol
ethyl acetate and water.
evapor ation of the organj

Following the procedure of Step 5 of Example 1, but substituting pyridine-3-
boronic acid 1,3-propanediol cyclic ester for 3-acetylphenylboronic acid and [1,1’-bis
(diphenylphosphino)ferrocene]dichloropalladium(I) for zrans-
dibromobis(triphenylphosphine)palladium (II) the title compound was obtained as a beige solid.

, TH NMR (Acetone-ds) § 1.24 (d, 6H), 4.17 (m, 1H), 7.48 (m, 1H), 7.60 (m, 1H),
7.71 (dd, 1H), 7.78 (t, 1H), 7.95 (dd, 1H), 8.05 (brs, 1H), 8.15 (m, 1H), 8.60 (m, 1H), 8.72 (m,
1H), 8.78 (dd, 1H), 8.92 (s, 1H), 8.99 (brs, 1H), 9.65 (br, NH).
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10

with ether (50nL) and filtered, affording the
N- (2, 6-Di chl oropyridin-4-yl)-1-(3-bronmophenyl) -

waQ 2eb4048390r o[ 1, 8] napht hyri di n- 4- one- 3- car boxanPdBEUS03036806
bei ge solid. 1H NVR (Acetone-d6) 8 7.61-7.70 (m 2H)
7.76 (d, 1H), 7.81 (d, 1H, 8.00 (s, 10 1H, 8.62 (s,
2H), 8.80 (br s, 1H), 8.86 (d, 1H), 8.99 (s, 1H), 12.1
(br, NH). Step 4: : .
N- (2, 6-Di chl oropyridin-4-yl)-1-[3-(3-acetyl phenyl ) phen
yl1-1,4-dihydro [1,
8l napht hyri di n- 4- one- 3- c3poXEHESe. Fol | owi ng t he
procedure of Step 5 of Exanple 1, but substituting
N-(2,6 15, . _
G - 5-v1yphe

N-i sopr opyl
1- (3- bronophenyl ) -1, 4-di hgr o[@, 8] g&Rht hyri di n- 4- one- 3
. - carboxam de, the
N- (2, 6-Di chl oropyri

N<( qu.paetyl phenyl ) phen
yl']1-1,4- dihydro[1, iH- 4- one- 3- car boxam de
conmpound was obt ai ne N olid. "H NWR (CDC13) 8
2.65 (s, 3H), 7.47 (d, 1H), 7.50-7.60 (m 2H), 7.70
(m 2H), 20 7.82 (d, 2 .98 (d, 1H), 8.20 (s, 1H)),
"8.55 (s, 2H) 8.75 (brs, 8.92 (dd, 1H), 9.14 (s,
1H), 12.08 (br, NH). -48&W 4{0483
PCT/ US2003/ 036806 EXAMPL
N- 1 sopropyl -1 -f3-(4-n-propyl phk nhe
4-di hydrof 1 8l napht hyri di n- 4- oné- 3- ¢b
CH3 NNCH3 H NNJ5 CH3 Followi ng the procedure of
Step 5 of Exanple 1, but substituting 4-n-

propyl phenyl boroni ¢ acid for 3-acetyl phenyl boronic
aci d t heollowihgthepipeedo ofidsepadbfiitameplas, ut substituting 5-

indolylboronic acid for 3-acetylphenylboronic acid the title compound was obtained as an off- .

white solid. )

TH NMR ((DMSO-dg) 6 1.20 (d, 6H), 4.10 (m, 1H), 6.47 (s, 1H), 7.38 (brs, 1H),
7.46-7.52 (m, 3H), 7.59-7.66 (m, 2H), 7.87-7.93 (m, 3H), 8.72-8.81 (m, 3H), 9.67 (br, NH), 11.2
(br, NH).
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white solid. 10 1H NWVR (Acetone-d6) S 0.93 (t, 3H),

1.24 (d, 6H), 1.65 (m 2H), 2.62 (t, 2H), 4.18 (m
wakho4/078331 (d, 2H), 7.58-7.61 (m 2H), 7.68-7.FCI/{/1003/036806

3H), 7.87 (d, 1H), 7.95 (s, 1H), 8.72 (m 1H), 8.78

(dd, 1H), 8.92 (s, 1H), 9.66 (br, NH). -49 WO

2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 4

N- | sopropyl - 1- 13- (4- acet vyl

phenyl Yy phenyl | -1, 4-di hydror1,

8l napht hyri di n- 4- one- 3-carboxamde ‘OO0 CH3 NCH3 H N

N O 5 CH3 Follow ng theEgr0éBEEPe of Step 5 of

Exarrpl e 1, but substituting 4 acetyl phenyl boronic acid

the .t

: .‘ ﬁ Hpn#-on%r%arboxannde

(d 6H) > 61 (s 3Hj, 4.17 (m 114) 7.59 (m 1H) .
7.70 (d, 1H), 7.76 (t, 1H), 7.92 (d, 2H), 7.97 (d,
1H), 8.07-8.10 (m 3H), 8.G32 (@rs, ong, 8.78 (dd,

1H), 8.92 (s, 1H), 9. N 50cM0 2004/ 048377
PCT/ US2003/ 036806 opyP-1- f
- 3-(2- et hyl phenyl)p enyI|I -1 | :Eédﬁdrld

CHa

Step 1: N-tert-Butyl-1-(3-bromophenvl)-1.4-dihydrol 1.8 naphthyridin-4-one-3-carboxamide

Following the procedure of Example 1, Step 4, but substituting tert-butylamine
fof isopropylamine the N-tert-Butyl-1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-
carboxamide was obtained as a yellow solid.

'H NMR (Acetone-dg) § 1.44 (s, 9H), 7.58-7.62 (m, 2H), 7.70 (dd, 1H), 7.78 (dd,
1H), 7.93 (br s, 1H), 8.72 (m, 1H), 8.77 (dd, 1H), 8.81 (s, 1H), 9.73 (br, NH).

Step 2: N-tert-Butyl-1-[3-(4-acetylphenyl)phenvl]-1.,4-dihvdro[1,8]naphthyridin-4-one-3-

carboxamide

Following the procedure of Step 5 of Example 1, but substituting N-tert butyl-1-
(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from step 1 for N-
isopropyl 1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide and 4-
acetylphenylboronic acid for 3-acetylphenylboronic acid the N-tert-Butyl-1-[3-(4-
acetylphenyl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide compound was
obtained in 93% yield as a white solid.

"H NMR (Acetone-ds ) & 1.45 (s, 9H), 2.61 (s, 3H), 7.59 (m, 1H), 7.69-7.72 (m,
1H), 7.77 (t, 1H), 7.92-7.99 (m, 3H), 8.07-8.11 (m, 3H), 8.72 (m, 1H), 8.78 (dd, 1H), 8.91 (s,
1H), 9.79 (br, NH).
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15

O 0CH3 HCH3 NNCOCH3 5 Follow ng the procedure of
Step 5 of Exanple 1, but substituting 2-
woreaonpkgshenyl boroni ¢ acid for 3-acetyl phenyl borGniU82003/036806
acid the title conmpound was obtained as a solid. 10
1H NMR (Acetone-d6) 5.1.24 (d, 6H), 2.35 (s, 311),
4.17 (m 1H), 7.27-7.34 (m 4H), 7.56-7.60 (m 2H),
7.65 (m 2H), 7.70 (t, 1H), 8.74 (m 1H), 8.78 (dd,
1H), 8.92 (s, 1H), 9.64 (br, NH). -51 WO 2004/ 048377
PCT/ US2003/ 036806 EXAMPLE 6
N- | sopropyl - N-net hyl -1 -[ 3- (4- acetyl phenyl ) phenyl | -1

4-di hydro[ 1 8l napht hyri d%gA4 -3- carboxamde 5 0 0

CH3 NCH3 CH3 NN b--- MPW Step 1:

N-1 sopropyl - N-met hyl -1 - (3- bronophenyl ) - 14- di hydro[ 1
N-(2-PROREBY L Eh 2 - 2118-Beridin-3-y)phenyl]-1 4-dihydrol 1 8 Inaphthyridin-4-one-3-

carboxamide

o O /IN
YU N
H
SNTON cl
N
=

Following the procedure of Step 4 of Example 2 but substituting [1,1’-bis
(diphenylphosphino)ferrocene]dichloropalladium(II) for trans-
dibromobis(triphenylphosphine)palladium () and pyridine-3-boronic acid 1,3-propanediol
cyclic ester for 3-acetylphenylboronic acid the title compound was obtained as a glassy solid.

'H NMR (Acetone-ds ) § 7.48 (m, 1H), 7.68 (m, 1H), 7.77-7.82 (m, 2H), 7.98 (m,
1H), 8.12-8.17 (m, 2H), 8.61 (m, 1H), 8.62 (s, 2H), 8.80 (m, 1H), 8.88 (dd, 1K), 8.99 (brs, 1H),
9.06 (s, 1H), 12.2 (br, NH).
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20

car boxam de 10 Fol | owi ng the procedure of Exanple 1,

Step 4, but substituting N-isopropyl-N nethylam ne
WO 0004i0$83pT opyl ami ne t he PCT/US2003/036806
N- I sopropyl - N-net hyl -1 - (3- bronophenyl ) -1, 4-
di hydro[ 1, 8] napht hyri di n- 4- one- 3- car boxani de was
obtained in as a yellow solid. 1H NVR (Acet one-d6)
(Appears as two rotamers of the amide) S 1.18 (m 6H),
2.85 (s, 3H, 4.05 (m 0.5H), 4.84 (m 0.5H),
7.49-7.64 (m- 3H), 7.72 (d 7.86 (s, 1H), 8.14
15 (s, 1H), 8.65 (d, 2H).E %ﬁé@’sz
N-1 sopr opyl - N- met hyl -1 -[3-(4- acetyl _phenyl) phenyl | -

[ h

box hr? 1pqLed-

9”0"____ “_ P 1RE

@@é;&lng@;ﬁmdtﬁ-ﬂm&ﬂg@vﬂmhﬁn&o o
nmet hyl -1 - (3- br omophenyl ) -1, 4- di.hydr o[ 1, 8] napht hyri di n-
4- one- 3- car boxam de fromstep 1 for N-isopropyl
1- (3-bronmophenyl ) -1, 4~di hydr o 8] napht hyri di n-4-one-3
- car boxam de and 4- boronic acid for
3-acetyl phenyl b j

yl'p y 5 ( CH,

N- | sopr opyl - o
acetylphenyl)p - di hydr o[ 1, 8] napht hyri di n- 4-on
npdpnd was obtained as a white

e- 3-car boxam de
solid. -52 WD 2004/ 048377 PCT/ US2003/ 036806 1H NWVR

(CDC13) (Appears as rotomers of the amide) 6 1.23
.00 (m 0.511), 4.92 (m
1

(m 6H), 2.62 (s,
0.511), 7.38-7.55 (m>~?2 A63-7.77 (m 511), 8.03

(d, 2H), 8.14 (s, 0.5H), (s, 0.511), 8.65 (m
111), 8.75-8.80 (m 111). EXAMN o
N-1sopropyl -1 -r3-(pyridin-3-yl)phenyll-14-dihydror

1, 8l napht hyri di n- 4- one- 3- car boxa CH3 N CH3 \
I H o CHj

Step 1: 4-tert-Butyloxycarbonyl-1-(3-bromophenvyl)piperazine

To a suspension of 1-(4-bromophenyl)piperazine hydrochloride (103.15g,
371.59mmol) in acetonitrile (1.5 L) at 0°C under a nitrogen atmosphere v/as added a catalytic
amount of 4-dimethylaminopyridine (4.54g, 37.159mmol) followed by triethylamine (155mL,
1114.77mmol) and di-tert-butyl dicarbonate (121.65g, 557.385mmol, dissolved in a minimum
amount of acetonitrile) and the resulting reaction mixture was warmed to room temperature and
stirred for 5.5 hours. The reaction mixture was filtered, ethyl acetate was added and the organic
phase was washed with 10 % aqueous citric acid, water (2X) and brine, then dried and
evaporated to afford the crude 4-tert-Butyloxycarbonyl-1-(3-bromophenyl)piperazine product
which was used as such in the next step.

Step 2: 3-(4-tert-Butyloxycarbonylpiperazin-1-yl)phenylboronic acid

To the 4-tert-Butyloxycarbonyl-1-(3-bromophenyl)piperazine from Step 1
(118.30g, 346.9mmol) in tetrahydrofuran /toluene (1/1, 1.5 L) at <78°C under nitrogen was
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25

i NNN 10 Followi ng the procedure of Step 5 of
Exanpl e 1, but substituting pyridine-3- boronic acid
wa 2@4pss3panedi ol cyclic ester for 3-acetyl phenp¢bhosmN3/€36806
acid and [1,1' -bis
( di phenyl phosphi no) f errocene] di chl oropal | adi un(11) for
trans-- di bronobi s(tri phenyl phosphi ne) pal | adi um (I1)
the title conmpound was obtained as a beige solid. 15
1H NMR (Acetone d6) S 124 (d 611) 4 17 (m 111),
7.48 {n]_l : 0O (m 1 1H, 7.78 (t,
addedin-bytyllithigm hépp)L 398 @a §ropmsr:) andshwwlﬁflg mﬂwn mixture
was sﬁﬁ)@@ al n780(1:ﬂ))r 2@ nﬁ@utésm Trii Q;%gﬂ)%yl %ogzﬁe (%dlmllmﬁﬁ 308m88 was added

dropvzl@@ancbmsswtlwcwawm erﬁfer? bours Aqueous saturated

ammd)‘hlhﬁlam[dilml(éf(b(}ﬂﬁ wated (dH)Oiﬂ)}dn)irih&]ny\Ialenl oPIEgP Oy 2(ifil) were added
81lnapht hyr.i di one- 3-C

and the RO a5 AT B 5 RG 5 R B BUATGR f 4By apbroximately
ZOOHEX@HWhﬁh Staghte raixost ibecimaiguishiand alpydcippracniocmed)i he amixture was

o S A P00 3605 DRSS QU B, e
suspeﬁiﬂwﬁ Gvaf dfiltefid) theztohd)w(asrwa&hd)i wigh leptns, and idyied o afford mestltle boronic

acid. 1

Step 3: N-Isopropyl-1-{3-[ 4-( 4-teﬁbutvloxvcarbonvlpiperazin—1-Vl)phenvl] -phenyl }-1.4-
dihydro[1.81naphthyridin-4-one-3-carboxamide
Following the procedure of Step 5 of Example 1 but substituting [1,1°-bis

(diphenylphosphino)ferrocene]dichloropalladium(Il) for zrans-
dibromobis(triphenylphosphine)palladium (II) and the boronic acid from Step 2 above for 3-
acetylphenylboronic acid the 4-tert-Butyloxycarbonyl-1-(3-bromophenyl)piperazine compound
was obtained as a solid.

'"H NMR (CDCl; ) § 1.30 (d, 6H), 1.49 (s, 9H), 3.18 (m, 4H), 3.58 (m, 4H), 4.29
(m, 1H), 6.98 (d, 2H), 7.32 (d, 1H), 7.45 (m, 1H), 7.53 (d, 2H), 7.55-7.62 (m, ZH), 7.72 (d, 1H),
8.70 (m, 1H), 8.82 (d, 1H), 9.07 (s, 1H), 9.68 (br, NH).

EXAMPLE 12

N-Isopropyl-1-[3-(quinolin-3-yDphenyl]-1.4-dihydrof1 ,8]naphthvﬂdin-4;one-carboxamjde

O CHs
N~ “CH,
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15

7.46-7.52 (m 3H), 7.59-7.66 (m 2H), 7.87-7.93 (m
3H), 8.72-8.81 (m 3H), 9.67 (br, NH), 11.2 (br, NH).

WO 2eb4332004/ 048377 PCT/ US2003/ 036806 EXAMPLEPOI/US2003/036806
N-tert-Butyl -I|-F3-(4-acetyl phenyl ) phenyl | -1, 4-di hydr of
‘1, 8l napht hyri di n-4-one- 3-carboxamde 0 0 CH3 CH3 H
CH3 NNO 5 CH3 Step 1. |
N-tert-Butyl-I|-(3-bronmophenyl)-1, 4-di hydr of
1, 81napht hyri di n- 4- one- 3- car boxam de Fol | owi ng the
procedure of Exanple 1, Step 4, but substituting
tert-butylam ne for isopropylamne the

N-tert- MWlhhTK%prééﬂﬁW&ﬁ"t&’ So@Eﬂmﬁmedb@t{shb&lmﬁ@%mhy
rij di n 4- one-

qumg]éqxq Qronigp I 3racety o@gyroglciac@theg LLle ggﬁenpogﬁc’ds\gag; ebéﬁmed as a solid.
(m 2H) JHRMR (COd1;)BH).29 @, 680) (429 (m,1HY), 74995, B, B61 (t, 1H), 7.70-

7782(%2 SH% 78?6@ m;%HNt 1 . 15 @{)?ﬁ A, ;8.8 (@, 1, 9.1065

1H),hEns| )Iﬂh@r@ﬂ(bs INH)-. di hydr of 1, 81napht hyri di n- 4- one- 3-
‘15 carboxam de Foll owi ng the procedure of Step 5 of
Exanpl e 1, but substituting N-tert butyl-I-

(3- bronophenyl ) - 1, 4- di hy dPepMP8Fnkbht hyri di n- 4- one- 3- ¢
ar boxam de from step 1 for N isopropyl

) E ﬁ%],l %Eap%% Id$ E—:oiné A Poxamide

3- acetyl phenyl boronlc aC|d the N-tert- Butyl-l-[3 (4 20
acetyl phenyl ) phenyl ] - 1, 4-di hydr o[ 1, 8] napht hyri di n- 4-on
e- 3- car boxam de Corrpound vas O CHs

X N~ CH
| | H s

Following the procedure of Step 5 of Example 1, but substituting 5-
pyrimidineboronic acid for 3-acetylboronic acid the title compound was obtained as a solid.

'H NMR (CDCls) & 1.28 (d, 6H), 4.27 (m, 1H), 7.48 (dd, 1H), 7.52 (m, 1H), 7.65
(s, 1H), 7.74 (m, 2H), 8.68 (m, 1H), 8.72 (d, 1H), 8.98 (s, 2H) 9.03 (s, 1H), 9.22 (s, 1H), 9.62
(br, NH).
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obtained in 93%yield as a white solid. 1H NWMR
(Acetone-d6) S 1.45 (s, 9H), 2.61 (s, 3H), 7.59 (m
wdabk)o4/0#8360-7. 72 (m 1H), 7.77 (t, 1H), 7.92- 7PORULIN3/036806
3H), 8.07-8.11 (m 3H), 872 (m 1H), 8.78 (dd, 1H),
8.91 (s, 111), 9.79 (br, NH). -55 WD 2004/ 048377
PCT/ US2003/ 036806 EXAMPLE 10
N- (2, 6-Di chl oropyridin-4-yl)-1-]3- (pyrldln 3-yl ) phenyl
| -14-di hydro [ 1 8l naphthyridi n-4-one-3- 5 car boxan:c de
OO0l N ?HC NNRCOCN the procedure o
Step 4 of Exanple 2 but sﬁfggwmpﬁg [1,1'-bis 10
(di phenyl phosphl no)ferrocene] di chl or opal | adi um(l ) for
j o€ e)pal d .

for 3-acetyl phenyl boronl c acid the title corrpound was
obtai ned as a glassy solid. 1H NVR (Acetone-d5) S 7.48
(m 1H), 7.68 (m 1H), 7.7797.89 (m 2H, 7.98 (m
1H), 8.12-8.17 (m 2H),_ 8. 6{ é@kb/éaGZ (s, 2H),
-8.80(m 11-1), 8.88 (brs, 1H), 15
9.06 (s, 1H, 12.2 (4 56 WD 2004/ 048377

PCT/ US2003/ 036806 , N- 1 sopropyl -1-{3-F

4- (4-tertbutyl oxycarbonyl pi perazi n-1-yl ) phenyl | - phen
ly 1-14-

Step 1: N-Cyclopropyl-1-(3-bromophenyl)-1.4-dihydro[1,81naphthyridin-4-one-3-carboxamide
Following the procedure of Example 1, Step 4, but substituting cyclopropylamine
for isopropylamine the N-Cyclopropyl-1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-
3-carboxamide was obtained as a fluffy white solid.
"H NMR (Acetone-ds) 8 0.59 (m, 2H), 0.80 (m, 2h), 2.96 (m, 1H), 7.59-7.68 (m,
2H),7.72 (dd, 1H), 7.82 (dd, 1H), 7.97 (s, 1H), 8.72-8.81 (m, 2H), 8.89 (s, 1H), 9.70 (br, NH).

Step 2: N-Cyclopropyl-1-[3-(pyridin-3-yD)phenvl]-1.4- dlhvdro[l 8naphthyridin-4-one-3-
carboxamide

Following the procedure of Example 7 but substituting N—cyclopropyl-l—(S-
bromophenyl)-1,4-dihydro[1,8Jnaphthyridin-4-one-3-carboxamide from step 1 for N-isopropyl-
1-(3-bromophenyl)-1,4-dihydro[1,8naphthyridin-4-one-3-carboxamide, the N-Cyclopropyl-1-
[3-(pyridin-3-yl)phenyl]-1 ,4—dihydro[1,8]naphthyridin;4—one-3 -carboxamide compound was
obtained as a cream-coloured solid.

'H NMR (DMSO-d ¢) §0.57 (fn, 2H), 0.78 (m, 2H), 2.91 (m, 1H), 7.52 (m, 1H),
7.63-7.69 (m, 2H), 7.74 (t, 1H), 7.97 (d, 1H), 8.07 (brs, 1H), 8.17 (d, 1H), 8.61 (m, 1H), 8.73
(dd; 1H), 8.79 (m, 1H), 8.85 (s, 1H), 8.99 (brs, 1H), 9.74 (br, NH).
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10

15

di hydrof 1, 81lnaphthyri di n-4-one-3-carboxamde 5 0 0
CH3 (JCHB HNNNNO OCH3 H3C CH3 Step 1:
wa2a0e/0883But t e car bonyl -1 - ( 3- bronnphenyl)plperaz@nesﬂbymm&m
suspensi on of 1-(4-bronophenyl)piperazine - C
hydrochl ori de (103. 15g, 10 371.59nmol) in acetonitrile
(1.5 L) at OC under a nitrogen atnosphere was added a
catal ytic anount of 4-dinethylam nopyridine (4.54q,
37.159mmol ) followed by triethylamne (155nm., 11
14. 77mol ) and di-tent-butyl dicarbonate (121.65g,
557.385mmol, dissolved i & REm?m anmount -of
acetonitrile) and the resulting reactjon mxture was
mawmdtoroomtemmrﬂure.nd 5hori
N-Isamapyldal3-{Sgmethylihigpwiding-yl)nhenylls din-4-one-3-
Cmb@@ﬂﬁ&gand the organic 15 phase mas mashed Mﬁth 10 %
aqueous citric acid, water (2X) and brine, then dried
and evaporated to afford t he crude

4-tert-Butyl oxycarbonyl -1 < ro enyl ) pi perazi ne
product which was used sugh ?ﬁ??he next step. Step
2: 3-(4-tert-But lo

ar bonyl pi i-per azi n- bo oniénétid 20 To the
4-tert-Butyl oxycar - (B- br onophenyl ) pi per azi ne
fromStep 1 (118.30 34%. 9ol ) in tetrahydrofuran
/toluene (1/1, 1.5 L) at _k78C under nitrogen was -57
WO 2004/ 048377 PCT/ US2063/ 06806 added n-butyllithium
(2.5M . 160, 398. 9mmmol DpW g€ aqg the resulting
reaction mxture X" "CHjs

FolloWing the procedure of Step 5 of Example 1 but substituting 5-
methylthiopyridine-3-boronic acid for 3-acetylphenylboronic acid and [1,1’-bis
(diphenylphosphino)ferrocene]dichloropalladium(II) for trans-
dibromobis(triphenylphosphine)palladium (II) the title compound was obtained as a solid.

'"H NMR (CDCl; ) § 1.33 (d, 6H) 2.60 (s, 3H), 4.33 (m, 1H), 7.48-7.54 (m, 2H),
7.66 (m, 1H), 7.73 (t, 1H), 7.78-7.81 (m, 2H), 8.55 (s, 1H), 8.66 (s, 1H), 8.74 (m, 1H), 8.87 (d,
1H), 9.09 (s, 1H), 9.69 (br, NH).
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was stirred at -78C for 20 m nutes. Triisopropyl

borate (96.1nL, 416.3mmvl) was added dropw se and the
w0 e@anissn’ was warned to OC and stirred for 2 hpCF/ES2003/036806

Aqueous saturated amoni um chloride (A00NL):,~Wat-er - e e s

(100m.) and 1 equival ent of H3PO4 (20nL) were added 5

and the m xture was stirred for 15 mnutes and then

concentrated to a volunme of approximately 200nmL (at

whi ch stage the m xture becanme bluish and a

precipitate formed). The mixture was slowy diluted

wi th heptane (800m) andEXdeMPBEUSti ng suspension was

stirred overnight. The suspension was flltered t he

olid wa hed th heptane a dri ffor
Mwwgﬂgpﬂmh@nyﬁ 1.4- (Iil Vdro 1, naphthvndln 4-one-3-

carbdMahs@pr opyl - 1-{ 3- 14- (4- tertbut | ox cay .
rbonylpi perazi n-1-y1) phenyl | - phenyl 1- 1, 4- di hydro
11, 8l napht hyri di n- 4- one- 3- car boxam de Fol | ow ng t he
procedure of Step 5 of E§3HD|8 1 but substituting
[1,1'-bis -

(di phenyl phosphi no) f
trans 15 di br onobi
and the boronic acig f
acet yl phenyl boroni ¢ &tid '
4-tert-Butyl oxycarbonyl.-1t(3-bronophenyl) pi perazi ne
conmpound was obt ai ned solid. 1H NMR (CDC13) S
1.30 (d, 6H), 1.49 (s, 3.18 (m 4H), 3.58 (m
4H), 4.29 (m 1H), 6. : 7.32 (d, 1H), 7.45
(m 1H), 7.53 (d, 2H), 7. 55-7.
1H), 20 8.70 (m 1H), 8.82 (d, )
9.68 (br, NH) EXAMPLE 12 N—Isopropyl-l-f
3-(quinolin-3 yI)phenyII-l 4- dlhydrof 1

8l napht hyri di n- 4- one- car boxa ~
N N P F())/Ho“gmg the procedure of Stepni ofe Example 19 but subst1tg1tmg EHS
hydroxymethylphenyl boronic acid for pyridine-3-boronic acid 1,3-propanediol cyclic ester the

iC pal | adi um(R) for
phi ne) pal | adi um (11)
above for 3-

ep
he

title compound was obtained as a solid.

"H NMR (CDCl5 ) § 0.71 (m, 2H), 0.89 (m, 2H), 1.88 (t, 1H), 3.03 (m 1H), 4.78
(d, 2H), 7.43 (d, 1H), 7.46-7.52 (m, 3H), 7.61-7.69 (m, 4H), 7.80 (d, 1H), 8.73 (m, 1H), 8.83
(dd, 1H), 9.10 (s, 1H), 9.82 (br, NH).
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10

N -58 WD 2004/048377 PCT/ US2003/ 036806 Follow ng the

procedure of Step 5 of Exanple 1, but substituting 3
wa@ionokssnebor oni ¢ aci d for 3-acetyl phenyl bor onPCT/8820d3/036806

~the title conpound was obtained as a solid. 'H NWR

(CDC13) S 1.29 (d, 6H), 4.29 (m 1H), 7.49 (m 2H),

7.61 (t, 1H, 7.70- 5 7.78 (m 3H), 7.86-7.92 (m 2H),

8.14 (d, 1H), 8.36 (s, 1H., 8.71 (m 111), 8.84 (dd,

1H), 9.10 (s, 1H), 9.19 (s, 1H), 9.67 (br, NH).

EXAMPLE 13 10 N-Isopropyyl - pyrimdin-5-y)
phenyl | -1 4-di hydro(1 8l m&% )o[fi n- 4- one- car boxamni de

NIi, CHH H NNNI~ N Followng the procedure of :
Ste 50f Exan Iel but substltum 5 15
N-Cyslg -',p, A A-slphenyliyl A dibydrol T&B@M&%ona&carboxamde

title corrpound was obtained as a solid. 1H NMR (CDC13)
6 1.28 (d, 6H), 4.27 (m 1H), 7.48 (dd, 1H), 7.52 (m -
1H), 7.65 (s, 1H), 7.74 (p 2Hp, 8.68 (m 1H), 8.72
(d, 1H), 8.98 (s, 2H) 9.03 H) , 2 (s, 1H), 9.62
(br, NH). -59 WO 200 003/ 036806
EXAMPLE 14 N- Cycl opr Ipyl -|11- [fﬂ (pyridin-3-yl)phenyl|-I
4-di hydrof 1 8l naphth N - one- 3- car boxam de cc5T

Following the procedure of Step 5 of Example 1 but substituting N-cyclopropyl-
1-(3-bromophenyl)-1,4-dihydro[1,8Inaphthyridin-4-one-3-carboxamide for N-isopropyl-1-(3-
bromophenyl)-l,4-dihydro[1,8]naphthyridin-4-one-3-éarboxan1ide and 4-pyridineboronic acid
for 3-acetylphenylboronic acid the title compound was obtained as a white solid.

T"H NMR (DMSO-dg ) § 0.57 (m, 2H), 0.77 (m, 2H), 2.90 (m, 1H), 7.64 (m, 1H),

7.72-7.89 (m, 4H), 8.03 (d, 1H), 8.13 (s, 1H), 8.66-8.78 (m, 4H), 8.84 (s, 1H), 9.72 (br, NH).
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10

NNN 5 Step 1: N-Cycl opropyl -I-(3-bronophenyl)-1

4-di hydro[ 1 8l napht hyri di n-4-one-3 car boxam de
wo-elokowd3ny t he procedure of Exanple 1, Step 4, POTNUS2003/036806

substituting cycl opropyl am ne for isopropylantne-the- s

N- Cycl opr opyl - I'- ( 3- br omophenyl ) - 1, 4- di hydr o[ 1, 8] napht h

yridin-4-one- 10 3-carboxam de was obtained as a

fluffy white solid. 1H NMR (‘Acetone-d6) 6 0.59 (m

2H), 0.80 (m 2h), 2.96 (m 1H) 7.59-7.68 (m 211),

7.72 (dd, 1H), 7.82 (dd, g% 97 (s 1H), 8.72-8.81

(m 2H), 8.89 (s, 1H), 9.F M}’ Step 2:

N-Cycl opropyl -1 -[3 (pyri di n- yI)phenyI [ -14-di hydro[l

ht 3

nlal\{\fhngd hf -one-3-

4 S o)
__Mmdtopropyl 1 (3 brormphenyl)
1, 4-di hydro[ 1, 8] napht hyri di n- 4- one- 3- car boxamni de from
step’l for N-isopropyl - »
1- (3- bronophenyl ) -1, 4- d|(51ydr8[1 8] napht hyri di n- 4- one- 3
- car boxam de, the N-C,ycl propyl -1

[3-(pyridin-3-yl)p [ 1, 8] napht hyri di n-
4- one- 3- car boxam m%i/&zo obt ai ned as a
( Od6) 6 0.57 (m

cream col oured solN
2H), 0.78 (m 2H), 291 '¥m 1H), 7.52 (m 111),
7.63-7.69 (m 2H), 7.74 1H), 7.97 (d, 1H), 8.07
(brs, 1H), 8.17 (d, 1 61 (m 1H), 8.73 (dd, 1H),
8.79 (m 1H), 8.85 (s, .99 (brs, 1H), 9.74 (br,
NH). -60 WD 2004/ 048377 ¥ 093/ 036806 EXAMPLE 15
N-I sopropyl -1-f3-(5-neth ly
t hi opyri di n- 3- ~1) phenyl | -1, 4-
4-one- 3- carboxam de 5

y gt | @Hganht hyri di n-

Following the procedure of Step 2 of Example 14 but substituting 4-
ethylthiobenzeneboronic acid for pyridine-3-boronic acid 1,3-propanediol cyclic ester the title
compound was obtained as a solid.

"H NMR (CDCl5 ) 8 0.72 (m, 2H) 0.90 (m, 2H), 1.48 (t, 3H), 3.03 (m, 3H), 7.42
(d, 3H), 7.50 (m, 1H), 7.57 (d, 2H), 7.64 (s, 1H), 7.68 (t, 1H), 7.78 (d, 1H), 8.75 (m, 1H), 8.85
(d, 1H), 9.10 (s, 1H), 9.83 (br, NH).

-64 -



OOCH3 NCH3 H NNS/CH3 NFollowng the
procedure of Step 5 of Exanple 1 but substituting 5-
woreaohphgsht opyri di ne- 3-boronic acid for PCT/US2003/036806
3-acetyl phenyl boronic acid and [1,1'-bis 10
(di phenyl phosphi no) f errocene] di chl oropal | adi un(11) for
trans di bronmobi s(tri phenyl phosphi ne)pal | adium (11) the
title conpound was obtained as a-solid. 1H NVR (CDC 3
) 8 1.33 (d, 6H 2.60 (s, 3H), 4.33 (m 1H), 7.48-7.54
(m 2H), 7.66 (m 1H), 7.73 (t, 1H), 7.78-7.81 (m
2H), 8.55 (s, 1H), 8.66 (BXAMBLE®?74 (m 1H), 8.87
(d, 1H), 9.09 (s, ‘1H, 9.69 (br, NH). 15 -61 W
: 2004/ 048377 PCT/ US2003/ 036806 @EXAMPLE 16
N-Cclopropmlpk-b3{d-thieryBphenyhl- hd-dihydro[1.8naphthyridin-4-one-3-carboxamide
roxynet hyl phenyl ) phenyl | - 1, 4- di hydr of
1, 81napht hyri di n- 4-one-3- carboxanide 5 OO J H NN
H

O O
X NA
|l H

\ N
5 S

Following the procedure of Step 2 of Example 14 but substituting 3-
thiopheneboronic acid for pyridine-3-boronic acid i,3-propanediol cyclic ester the title
compound was obtained as a white solid.

10 "H NMR (Acetone-d ) § 0.60 (m, 2H), 0.79 (m, 2H), 2.96 (m, 1H), 7.57-7.72
(m, 5H), 7.92-7.98 (m, 2H), 8.05 (s, 1H), 8.74 (s, 1H), 8.78 (d, 1H), 8.93 (s, 1H), 9.74 (br, NH).
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20

Fol  owi ng the procedure of Step 2 of Exanple 14 but
substituting 4- hydroxynet hyl phenyl boronic acid for
W@oo4misser 3- boroni ¢ acid 1, 3- propanedi ol cycl i BCEES®03/036806
the 10 title conmpound was obtai ned as ra soltd.«ws i NVR & .0
(CbC13 ) 8 0.71 (m 2H), 0.89 (m 2H), 1.88 (t, 1H), :
3.03 (m 1H), 4.78 (d, 2H), 7.43 (d, 1H), 7.46-7.52
(m 3H), 7.61-7.69 (m 4H), 7.80 (d, 1H), 8.73 (m
1H), 8.83 (dd, 1H), 9.10 (s, 1H), 9.82 (br, NH. -62
WD 2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 17
N- Cycl opropyl -1-[ 3- (pyri dEXAMBLE genyl | -1, 4-di hydro [
1 8] napht hyri di n- 4- one- 3- car boxam de O ON NNJS5
Follomnno the procedure of Step 5 of le 1 but
cloprapyld -sulfarpovipheay phenvl] 1 ,4- dlhydro[l 8 naphthvnd1n-4 -one-3-

carbbxé rormphenyl) 1, 4-di hydro[
1, 8] napht hyri di n- 4- one- 3- car boxam de for

N-isopropyl -1-(3- bronophenyl) -1, 4-di hydr o[

1, 8] napht hyri di n- 4- one- 3- car bgxam de and
4-pyri di neboronic acid 1 3-acet yl phenyl boroni c
acid the title conpo al as a white solid.
"H NVR ((DMSO- d6) 6[;0. 0.77 (m 2H), 2.90
(m 1H), 7.64 (m 14y, _lz. 78- 7é§(m 4H), 8.03 (d,
1H), 8.13 (s, 1H), 8.M6-8N7/8 (m 4H), 8.84 (s, 1H)
9.72 (br, NH). -63 WD 20Q04/048377 PCT/ US2003/ 036806
EXAMPLE 18 N- Cycl opr opyl 3-(4-eth

| phenyl ) phenyl | -1 4-di hyg 8l napht hyri di n- 4- one- 3-
car boxam de

Step 1: 4-Sulfamoylbenzeneboronic acid pinacol ester

A mixture of 4-bromobenzenesulfonamide, diboron pinacol ester (1.1eq),
potassium acetate (3.5eq) and 1,1°-bis (diphenylphosphino)ferrocene]dichloropalladium(II)
(0.05eq) im N,N-dimethylformamide (4ml/mmol) was heated at 85°C for 18 hours. After
quenching with saturated aqueous ammonium chloride solution the mixture was partitioned
between ethyl acetate and water and the product from the organic phase was chromatographed on
silica gel eluting with a 1:1 mixture of ethyl acetate and hexane to afford the 4-
Sulfamoylbenzeneboronic acid pinacol ester as a solid.

Step 2: N-Cyclopropyl-1-[3-(4-sulfamoylphenyl)phenvl]-1.4-dihydro{ 1.8 Inaphthyridin-4-one-3-
carboxamide

A mixture of N-cyclopropyl-1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-
one-3-carboxamide, boronate from Step 1 (1.2eq), palladium acetate (0.1eq), triphenylphosphine
(0.35eq) and 2M aqueous sodium carbonate (3.5eq) in n-propanol (10ml/mmol) was stirred at
85°C for 1 hour. After cooling, the mixture was quenched with saturated aqueous ammonium
chloride solution and partitioned between ethyl acetate and water, and the product from the
organic phase was chromatographed on silica gel eluting with a 1:5:4 mixture of ethanol, ethyl
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500N H NNSCH3 Follow ng the procedure of Step
2 of Exanple 14 but substituting 4-
wetdwlosssrobenzeneboroni c acid for pyridi ne-3- bBEDOBZN03/036806
acid 1, 3-propanediol cyclic ester the title 10
conmpound was obtained as a solid. 1H NVR (CDC13 ) 8
©0.72 (m 2H), 0.90 (m 2H),1.48 (t, 3H), 3.03 (m 3H,
7.42 (d, 3H), 7.50 (m 1H), 7.57 (d, 2H), 7.64 (s,
1H) 7 68 (t, 1H), 7.78 (d, 1H), 8.75 (m 111); -8.85
9.10 (s, 1 9.83 (br, NH. -64 WO
acetafsgipd oo SR odp 0 ardbe BbE R EL4 4+ sulfamoylphenyl)phenyl]-
1,4- dNry@%C[ll @%ra B Igynhmtzﬁoﬁe’isichﬂb@nmh;)d@h@ﬂéxbhndlaéa shifay dr of

Rl A eLaneteny AP St 1R .66 o,

5 S Fo
NH,)bwi64 $ub $H) 174 (g 131), 7.80 ¢p hEhe@H-B.00 cﬁmaﬁHai & Hr (m, 1H), 8.76 (m, 1H),

8.81 f’%éﬁ]% n$9§(sgg%lgound Iqu 3- propanedi ol cyclic ester

bta| ned as a white solid. 10
1H NMR (Acet one-d 6) 80.60 (m 2H), 0.79 (m 2H),

2.96 (m 1H), 7.57-7.72 EXAMPLE 21

N-Isopropyl-1-13-(3-ethoxyphenyl)phenvyl}-1.4-dihvdrof 1,8 Inaphthyridin-4-one-3-carboxamide

O O
X N
| H
N

N

OVCH

Step 1: Ethyl 1-[3-(3-ethoxyphenylphenyl]-1.4-dihydrof1.8naphthyridin-4-one-3-carboxylate
Following the procedure of Step 5 of Example 1, but substituting ethyl 1-(3-

CHa

bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylate from Step 2 of Example 1 for
N-isopropyl-1-(3-bromophenyl)-1,4-dihydro[ 1,8 Inaphthyridin-4-one-3-carboxamide, and 3-
ethoxybenzeneboronic acid for 3-acetylbenzeneboronic acid, the Ethyl 1-[3-(3-
ethoxyphenyl)phenyl]-1,4-dihydro[1,8naphthyridin-4-one-3-carboxylate compound was
obtained as a solid.

Step 2: 1-[3-(3-Ethoxyphenylphenyl]-1,4-dihvydro[ 1,8 Inaphthvridin-4-one-3-carboxylic acid
Following the procedure of Step 3 of Example 1 but substituting ethyl 1-[3-(3-

ethoxyphenyl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylate from step 1 for ethyl 1-
(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylate the 1-[3-(3-
Ethoxyphenyl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylic acid compound was
obtained and used without purification in the next step.
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(m 5H), 7.92-7.98 (m 2H), 8.05 (s, 1H), 8.74 (s,
1H), 8.78 (d, 1H), 8.93 (s, 1H), 9.74 (br, NH). -65
WMOZKDMM)48377 PCT/ US2003/ 036806 EXAMPLE 20 PETIUS2003/036806
ycl opropyl -1 -13-(4- sulfanDyIphenyI)phenyII-
4-di hydrof 1 8l napht hyridi n-4-one-3- carboxamde 5 OO
N JH NNS=O O NH Step 1.
4- Sul f amoyl benzenebor oni ¢ aci d pi nacol ester A mxture
of 4-bronobenzenesul f onam de, di boron pinacol ester
" (1.1eq), 10 potassium acetate (3.5eq) and 1,1'-bis
(di phenyl phosphi no) f errocene] di chl oropal | adi un(1[)
Step I ONQ&@@OpyilN -1 -18-elhoedphh Flihenyl-d & -dif pdeo MBInhphteEidin-4-one-3-
b heat.ed at 85C for 18 hours. After quenching with
M%at ed aqueous ammoni um chl ori de solution the
m xt ur & masuea tli B+ (Grethtbxyplenybehengt [hl#-digetel t Slmaphthyridin-4- -one-
3-car &%(?T%é}{i; Tlrpglpﬁteg "Z%QH ?ﬁm{nﬁ%motnlaﬁ (pf{qg ?rme&a%/rlﬂﬁﬁrm gmllmmol) was
reﬂuxml i@rtﬂrSénmuteémym e\é?@étséﬁde Hmefhév@w& ‘ﬂléﬁoé‘fefddfl the sameqyolgne of

tetrahg%f@my@%ﬁmh@ (RA) FafeddddRbABOhix@HE Was A8r8d HYbbE-

tempeﬂgt&g%{)béﬁ B?)‘W Aftte%qttegc]%lag f”éWD%ﬂ”ﬁﬁE‘i]w %Beﬁﬂ%w{qomum chloride solution,
the reéxlﬁimg'liy‘lﬁtt@l[ebvz&paﬁﬂhhh& betshictn éth@h@e&te gy e ahdlthehroduct from the

onganll SRR S sgmatoeaghi ahaiuse £ uine i W b s chlorde
to afforditiaki N-IAQper)ylohé3-:€3-cﬁnpjgmbanyldjﬂ1€nﬂd)-rlmaérﬂmdrbfb&ﬂm@h;byridm -4-one-3-

Acarbogag[magggmpm{d Adidpyacetate (0.1eq), triphenyl phosphine

'HNMR (CDC13 ) 8 1.29 (d, 6H), 1.42 (t, 3H), 4.08 (q, 2H), 4.28 (m, 1H), 6.91
(d, 1H), 7.12 (s, 1H), 7.18 (d, 1H), 7.34 (t, 1H), 7.40 (d, 1H), 7.46 (m, 1H), 7.60-7.65 (m, 2H),
7.75 (d, 1H), 8.71 (brs, 1H), 8.82 (dd, 1H), 9.08 (s, 1H), 9,70 (br, NH).

EXAMPLE 22

N-Isopropyvl-1-[3-(4-methylthiophenvDphenvl]-1.4-dihydro[1,8Inaphthyridin-4-one-3-
carboxamide

henvyl]-1,4-dihydro[1.8]naphthyridin-4-one-3-

carboxylate
-68 -
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(0. 35eqg) and 2M aqueous sodi um carbonate (3.5eq) in

n- propanol (10m /mmol) was stirred at 85C for 1 hour.
W@\Rdaoe/04830D1 | ng, the m xture was quenched w th Bel/usED®B6806

aqueous anmmonium chloride solution and partitioned

bet ween ethyl acetate and water, and the product from

the organi c phase was chromat ographed on silica gel

eluting with a 1:5:4 m xture of ethanol, ethyl -66 WO

2004/ 048377 PCT/ U82003/ 036806 acetate and net hyl ene

chloride to afford th

N- Cycl (ﬁﬂllgmlpgq c[pgzcegru@mfﬁm?fpﬁ,wlg b,mwl}stltutmg ethyl 1-(3-

bromépitkndhyAlamlydsoBl SpRpAR ﬁdh@lléﬂorﬂe DReb3xed aﬂébﬂm@@ﬂe € of example 1 for

N’ISOEF‘B%?gQg??‘?THgPl%% )CLLA é]é\yﬁh%ﬁ %ﬁbaeh g d ne 3 Eﬁg?ngfg‘]d% med 4-

meth{ltRioteiyeneBortid avid fotrB- ac@ty&ﬁnt&nebddd)uc aZ1c9 ?he&itﬁﬂ 1-B-@-

methgl%gph(seg%ﬁal‘fg‘g?l]é%qih?%r})’?l,&Rﬂp&@&%%@%%@grggxyléli'ébcompound was

obtaiféd asomobigy| - | - f 3- ( 3- et hoxyphenyl ) phenyl | - 1, 4- di hydr of
1, 81napht hyri di n- 4-one- 3-carboxamde 10 H c¢c5iH3 NN

OCH3 Step 1: Et hyI
Step 3= ﬂ"-{?’i(‘ gt ..LEA hieh

di n- 4- QR ﬂi@?ﬁ‘dﬁeéﬁ& of Ecdpl Py Eb@hxﬂﬂlel mnoa@dmman@éthyl 1-[3-(4-

R T LT

ethyl Ax@Habmoplicoyl)St, @-ﬂllﬁldn:f[l E}qmpbﬂhgndlnfébone-’.’) -carboxylate the 1-[3-(4-

o TS QSRR S o B Bt e

obtaingsd @ o wlid3- acetyl benzeneboronl c acid, the Ethyl
1-[3-(3-
et hoxyphen I

carboxarmde

Following the procedure of Step 3 of Example 21 but substituting 1-[3-(4-
methylthiophenyl)phenyl]-1,4-dihydro[ 1,8]naphthyridin-4-one-3-carboxylic acid for 1-[3-(3-
ethoxyphenyl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylic acid the N-Isopropyl-1-
[3-(4—methy1thiophenyl)phenyl]~1,4—dihydro[1,8]naphthyridin—4-one-3-carboxamide compound
was obtained as a white solid. '

"H NMR (Acetone-d ) & 1.24 (d, 6H), 2.52 (s, 3H), 4.18 (m, 1H), 7.37 (d, 2H),
7.58-7.62 (m, 2H), 7.69-7.73 (m, 3H), 7.87 (d, 1H), 7.96 (s, 1H), 8.72 (m, 1H), 8.78 (dd, 1H),
8.91 (s, 1H), 9.65 (br, NH).
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20 Step 2: 1-F3-(3-Ethoxyphenyl)phenyll -1, 4-di hydr of

I, 8] napht hyri di n-4-one-3-carbox lic acid Follow ng
wo b@4pusscedure of Step 3 of Exanple 1 but subspCT/usion3j036806

et hyl 1-[3-(3- . .

et hoxyphenyl ) phenyl ] -1, 4-di hydr o[ 1, 8] napht hyri di n- 4-on

e- 3-carboxylate fromstep 1 for ethyl 1- ‘ ‘

(3-bronmophenyl) -1, 4-di hydr o[ 1, 8] napht hyri di n-4-one- 3-¢c

arboxylate the 1-[3-(3 25

Ehhoxyphenyl ) phenyl ] - 1, 4-di hydr o[ 1, 8] napht hyri di n- 4- on

e- 3-carboxyl'i ¢ aci d con‘p‘@ﬁg«Ni/‘\~/%e%£3 obt ai ned and used

wi thout purification in the next step. -67 WO

-4.one-3-

carbofdrhidd- one- 3- car boxam de A m xture of
1-T3- (3- et hoxyphenyl ) phenyl ] - 1, 4-di hydr o[ 1, 8] napht hyr i
di n-4-one- 5 3-carboxylic acid from Step 2 and t hi onyl
chloride (4eq) in tet rahésdr o#:ra I(llom / mmol ) was
refluxed for 45 m nutes, |jthe evar%o?at ed. The residue
was di ssolved int t et rahydr of ur an,
i sopropyl am ne (5 nd ¢He nixture was
stirred at room t 18 hours. After

solution, the resultinglp xture was partitioned

bet ween ethyl acetate & arl@d the product from
the 10 organi c phase wa aphed on silica gel
eluting with 10% et her | e cBHaride to
afford the N-1sopropyl -

1-[ 3- (3- et hoxyphenyl ) phenyl ] - I54~ dr@wdr o[ 1, 8] napht hyri

di n- 4- one- 3- carboxam de conpound as a solid. 1H NWR

(CDC13) S 1.29 (d, 6H), 1.42 (t, 3H), 4.08 (g, 2H,

4.28 (m 1H), 6.91 (d, 1H), 7.12 (s, 1H), 7.18 (d,

1H), 7.8#iftire dft9 ;brdmd’ (otdrokicetophamnenglibatan pinacol ester (1.25eq),

potasgipggé%té%’sﬁ%ﬁ'%a}n%gl8é—bisg(’dypféﬁ’dﬁg?sgléi‘d%gcra?mf\le&gfﬁr‘zh%&o LEdiZuén(II)
(0.05pg)1is dpNedipethylfpgngmidgé i ¢ml/gamol) was s irred at 80°C for 3 hours and cooled
dowrf3 hi ephesy b9 RIesprbpyili-G-stombsghalyd. BAaapatdly Biiphthyridinet-one-3-
carboxamide from Example 1, Step 4 (0.75eq) in N,N-dimethylformamide (7ml/mmol), [1,1°-
" bis(diphenylphosphino)ferrocene]dichloropalladium(II) (0.05eq) and 2M aqueous sodium
carbonate (8.5eq) were added and the resulting mixture was stirred at 80°C for 2.5 hours. The
| cooled mixture was partitioned between ethyl acetate and water and the product from the organic
phase was chromatographed on silica gel eluting with 60% ethyl acetate in hexane to afford the
title compound as a light yellow solid.

' NMR (Acetone-d ¢ ) 8 1.24 (d, 6H), 2.75 (s, 3H), 4.19 (m, 1H), 7.06 (d, 1H),
7.59-7.63 (m, 2H), 7.72 (t, 1H), 7.92 (d, 1H), 7.97 (d, 1H), 8.02 (s, 1H), 8.33 (s, 1H), 8.73 (m,
1H), 8.78 (dd, 1H), 8.90 (s, 1H), 9.65 (br, NH).
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NJ I3 I ophenyT ) phe y. .A-.]'y" DT ”ﬁﬂl;d"14°ne3'
ﬂb—?—’—‘é@é@% car boxyl at e corrpound was obt ai ned as a solid.

20 carboxamde ~ 0 CH3 \ ( HCH3 i NNCH3 Step 1
Et hyl

wda2¢03/0§8s7met hyl t hi ophenyl ) phenyl | -1, 4- di hydr o[ PCBURZ0S036806
hyri di n-4-one-3- 25 carboxylate -68 WO 2004/ 048377 :
PCT/ US2003/ 036806 Fol |l owi ng the procedure of Step 5
of Exanple 1, but substituting ethyl 1-(3 bronophenyl)
1, 4-di hydro[ 1, 8] napht hyri di n- 4- one- 3- car boxyl ate from
step 2 of exanple 1 for
N-i sopropyl -1 -(3-bronmophe -0i hydr o[ 1, 8] napht hyr
i di n-4-one- 3-car boxam de, @Q&&W%Lézq'
nethylthlobenzeneboronlc acid for

Step 2: 1-[3-(4-nethylthiophenyl)phenyl| -

4- di hydro[ 1, 8] napht hyri di n- 4- one- 3- carboxylic acid
Fol | ow ng the procedur epof @jep GHef Exanple 1 but
substituting ethyl 1-[3}(4

nmet hyl t hi ophenyl) [
4- one- 3- car boxyl
1- (3- bronophenyl)

gl 8] napht hyri di n-
or “ethyl

néthylthiophenyl)phen 1, 4-di hydro[ 1, 8] napht hyri di n-
4- one- 3- car boxylic ac s obtained as a

solid. 15 Step 3: P
N- 1 sopropyl -1-[ 3-(4-net hyl t nyl@pheﬁ:ﬁd -

4-di hydr o[ 1, 81napht hyri di n- 4 one- 3- car boxam de
Fol | owi ng the procedure of Sté&b 3 of Exanple 21 but
substituting 1-[3-(4-

Following the procedure of Example 23 but substituting N-isopropyl-1-(3-
bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide for 5’-bromo-2’-
hydroxyacetophenone and ethyl 5-bromonicotinate for N-isopropyl-1-(3-bromophenyl)-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide the title compound was obtained as a beige
solid.

"H NMR (CDCls) 8 1.29 (d, 6H), 1.40 (t, 3H), 4.28 (m, 1H), 4.42 (q, 2H), 7.45-
7.51 (m, 2H), 7.68 (s, 1H), 7.71 (t, 1H), 7.80 (d, 1H), 8.49 (s, 1H), 8.59 (m, 1H), 8.82 (d, 1H),
9.03 (s, 1H), 9.07 (s, 1H), 9.23 (s, 1H), 9.64 (br, NH).
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met hyl t hi ophenyl ) phenyl ] -1, 4-di hydr o[ 1, 8] napht hyri di n-
4- one- 3-carboxylic acid for 1-[3-(3-

werdaxygshenyl ) phenyl ] - 1, 4- di hydr o[ 1, 8] napht hyr PdI/ns2008686806
e-3-carboxylic acid the N-1sopropyl-1 20
[ 3- (4- et hyl t hi ophenyl ) phenyl] -1, 4-di hydro[ 1, 8]naphthy
ri di n-4-one-3-carboxam de corrpound was obtai ned as a
white solid. 1H NVR (‘Acetone-d 6) S 1.24 (d, 6H), 2.52
(s, 3H, 4.18 (m 1H), 7.37 (d, 2H) 7.58-7.62 (m
2H), 7.69-7.73 (m 3H), 7. 87 ;3: 7.96 (s, 1H),
8.72 (m 1H), 8.78 (dd, (s 1H), 9.65 (br,
NH). 25 -69 WD 2004/ 048377 PCT/ US2003/ 036806 EXAMPLE

23
N-Isoprgpy

dlhvdﬁirnaniabhlmmdimmhéna;’mearﬁexmﬂboxam de 5 O p CHy H CH3
Np CH3 OHA mxture of
- bromo- 2" - hydr oxyacet ophenone, di boron pi nacol ester
(1 25eq), potassium aceghate Sen@r pand [1,1'-bis
(di phenyl phosphi no)ferro ene dltég\?? opal | adi unm(11) 10
I

(0.05eqg) in N, Ndi <ém/m’ml)was
stirred at 80C for 0 3 down. A
sol ution of P

NI sopropyl -1 -(3- brd\lmph nyl)-1, 4-di hydro[ 1, 8] napht hyr
i di n-4-one-3- carboxam d&e_from Exanple 1, Step 4

(0.75eq) in N, N-di nethnamdﬂg?n&“yml), [1,1 -

Step 1: 3-Bromo-5-(1-hydroxy-1-methylethyl)pyridine

To a solution of ethyl 5-bromonicotinate (1.02g, 4.4mmol) in diethyl ether (15ml)
at —30°C was added a 3M solution of methyl magnesium bromide (4ml, 12mmol)in ether. The
resulting slurry was then refluxed for 2 hours then cooled and quenched with an excess of 0.5M

aqueous monobasic sodium phosphate and partitioned between ether and water. The product
from the organic phase was chromatographed on silica gel eluting with a 2: 1:2 mixture of ether,
pentane and ammonia-saturated methylene chloride to afford the 3-Bromo-5-(1-hydroxy-1-

methylethyl)pyridine compound as a yellow oil.

Step 2: N-Isopropyl-1-{3-[5-(1-hydroxy-1-methylethyl)pyridin-3-yllphenyl}-1.4-
dihvdro[1,81naphthyridin-4-one-3-carboxamide.
Following the procedure of Example 24, but substituting the 3-bromo-5-(1-

hydroxy-1-methylethyl)pyridine from Step 1 for ethyl 5-bromonicotinate, the title compound
was obtained as a yellow foam.

" NMR (CDCls) & 1.28 (d, 6H), 1.62 (s, 6H), 2.52 (brs, 1H), 4.25 (m, 1H), 7.41-
7.48 (m, 2H), 7.60-7.68 (m, 2H), 7.75 (d, 1H), 8.05 (s, 1H), 8.67-8.71 (m, 3H), 8.80 (dd, 1H),
9.03 (s, 1H), 9.66 (br, NH).

-72 -



10

15

20

25

bi s(di phenyl phosphi no) f errocene] di chl oropal | adi un(11)

(0. 05eq) and 2M aqueous sodi um carbonate (8.5eq) were
w@odwed4s3nd t he resulting m xture was stirred aPCBOR003036806

2.5 hours. The 15 cool ed m xture was partitioned

bet ween ethyl acetate and water and the product from

the organic phase was chromatographed on silica gel-

eluting with 60% ethyl acetate in hexane to afford the

title conpound as a |ight yeIIom;solld 1H NVR

(Acetone-d 6 ) 81.24 (d, 4.19

1H), 7.06 (d, 1H), 7(5913%@?%52 7 72 (t1 1I(—|)m

Zgz(d 1I(—|) 797(d éH) 802(s 1H) 833(3
AS . 90 :( %

3carE$§AJh‘HﬂeE 24 N-Isopropyl -f 3- (5 car boet hoxyp

ridin-3- }1)pheny||-| 4- d| hydr ol |

ﬁllrllla(p)ht gygi ((jjll—lg -one-3- carboxamde 5 O OCH3 H CH3
! N Fol | o n he ocedure of Exanple

23 but substituting N-IU géyl@i:h brormphenyln.)p ’

1 4-di hydro[ 1, 8] n car boxam de for

-brono-2' 10 hygrox aceq one~ard et hyl

5 br onmoni coti nate~{ 0

N-i sopropyl -1 -(3- br'ﬂrmp

di hydr o[ 1, 8] napht hyri di

conpound was obt ai ned

nyl)-1, 4-
bei ge solid.

CHa

Step 1: 5-Bromo-2-(2-methylpropyl)pyridine

To a solution of 2,5-dibromopyridine (4.5g, 19mmol) in tetrahydrofuran (50ml)
was added [1,1’-bis (diphenylphosphino)ferrocenejdichloronickel (I) (103mg, 0.19mmol) and
the resulting mixture was cooled to —10°C. A 2M solution of isobutylmagnesium bromide in
ether (12.4ml, 24.7mmol) was added slowly and the mixture was stirred at —10 to 10°C for 3.5

hours. After quenching with saturated aqueous ammonium chloride solution, the mixture was

partitioned between ether and water and the product from the organic phase was
chromatographed on silica gel eluting with 10% ether in pentane to afford the 5-Bromo-2-(2-
methylpropyl)pyridine compound as a volatile oil.

Step 2: N-Isopropyl-1-{3-[6-(2-methylpropyl)pyridin-3-yllphenyl }-1.4-
dihydrol1.,81naphthyridin-4-one-3-carboxamide

Following the procedure of Example 24 but substituting 5-bromo-2-(2-
methylpropyl)pyridine from Step 1 for ethyl 5-bromonicotinate the N-Isopropyl-1-{3-[6-(2-
methylpropyl)pyridin-3-ylJphenyl}-1,4-dihydro[1 ,8]naphthyridin-4-one-3-carboxamide .

compound was obtained as a white solid.
"1 NMR (CDCl5) § 0.92 (d, 6H), 1.28 (d, 6H), 2.10 (m, 1H), 2.69 (d, 2H), 4.28
(m, 1H), 7.19 (d, 1H), 7.40-7.47 (m, 2H), 7.60 (s, 1H), 7.64 (¢, LH), 7.73 (d, 1H), 7.79 (dd, 1H),
8.68 (m, 1H), 8.77-8.83 (m, 2H), 9.05 (s, 1H), 9.66 (br, NH).
C-T3-



1H NVR (CDC13) 61.29 (d, 6H), 1.40 (t, 3H), 4.28 (m
1H), 4.42 (q, 2H), 7.45- 7.51 (in, 2H), 7.68 (s, 1H),
w(@2004/0§¢377 1H), 7.80 (d, 1H), 8.49 (s, 1H), 8. 5BCT/IH2003/036806

1H), 8.82 (d, 1H), 15 9.03 (s, 1H), 9.07 (s, 1H, -

9.23 (s, 111), 9.64 (br, NH). -71 WD 2004/ 048377

PCT/ US2003/ 036806 EXAMPLE 25 N-1sopropyl -1 -f

3-[5-(1- hydroxy-I|-nethyl et hyl)pyridin-3-yl Il phenyl 1-1, 4

- di hydro 11 8l napht hyri di n-4-one-3-carboxanide 5 O O

CH3 N)-" CH3 H NNG617TH3C CH3 OH N Step 1. 3-Bro

no-5- (1- hydroxy-1-nethyl ethyl)pyridine To a solution

of ethyl 5-brononicoti natgx ANpPB®7 4. 4ol ) in di et hyl

ether (15nl) 10 at -30C was added a 3M sol uti on of

met hyl magnesi um brom de (4nl, 12mmol)in ether. The
N-Isdpepilli1i 39 Sty ipyridas3-tyhehenvelf 1 axido dfald . 8Pnaphthiys dinkenne-3-

cool.ed and quenched with an excess of 0.5M aqueous
5 cabqamide

10

15

20

si ¢ sodi um phosphate and partitioned between
ether and water. The product fromthe organi c phase
was chromat ographed on silica gel eluting wth a 2:1:2
m xture of ether, pentaf® arffd an@bhi a- sat urat ed
nmet hyl ene chloride tg affijprd J he
3- Brono-5-(1- hydro
conpound. as a Yyel

Xy “CH;

\

Step 1: 3-Acetyl-5-bromopyridine
To a solution of ethyl 5-bromonicotinate (3.9g, 16.9mmol) in ether (50ml) at 0°C
was added a 3M solution of methylmagnesium bromide (16.9ml, 50.8mmol). The resulting

thick slurry was warmed slowly to room temperature and after 1.5 hours it was poured slowly
into an excess of 1M aqueous monobasic sodium phosphate. The mixture was partitioned
between ether and water and the product from the organic phase was chromatographed on silica
gel, eluting with a 1:1:2 mixture of ether, pentane and ammonia-saturated methylene chloride to
afford the 3-acetyl-5-bromopyridine compound. This preparation also afforded 3-bromo-5-(1-
hydroxy-1-methylethyl)pyridine described in Example 25.

Step 2: N-Isopropyl-1-[3-(5-acetylpyridin-3-yl)phenyl]-1.4-dihydro[1,8naphthyridin-4-one-3-

carboxamide

Following the procedure of Example 23 but substituting 3-acetyl-5-
bromopyridine from Step 1 for ethyl 5-bromonicotinate the N-isopropyl-1-[3-(5-acetylpyridin-3-
yl)phenyl]-1,4-dihydro[1,8naphthyridin-4-one-3-carboxamide compouna was obtained as a
white solid.
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Step 2: N-Isopropyl-1-{3-[5-(1-hydroxy-Il-nmeth |lyy

et hyl ) pyridin-3-yl | phenyl 1-1, 4- di hydrof 1
w@bkovapigshyri di n- 4- one- 3- car boxam de. Fol | owi ngP¢T®S2003/036806

procedure of Exanple 24, but substituting the

3-brono-5-(1- 20 hydroxy-|-nethyl ethyl)pyridine from

Step 1 for ethyl 5-brononicotinate, the title conpound

was obtained as a yellow foam 1H NVR (CDC13) 8 1.28

(d, 61-1), 1.62 (s, 6H), 2.52 (brs, 1H), 4.25 (m 1H),

8 60- 7. 68 , L,
6. 05 (LI NME (@6 8128 (@GR (6 28, 448 (e L), 748 (9g, 15, 7.51
o gy RIS, PG 5020 15.505

2H) 9 B (s6 1102 93t Gr. N bpy! ) pyri di n- 3-yI | phenyl }- 1
4-di hydro[ 1 8l napht hyri di n-4-one- 3-carboxamde 5 N H

CH3 NN\ I \ CH3 N &fﬁkﬁﬁEZ%'

5- Br ono- 2- ( 2- net hyl pr opy € To a solution of

2, 5- dlbronDpyrldlne (4. Sg, | 9nmol ) in tetrahydrofuran
J ] () :

dro[1.8]naphth ridin-4-one-3-

ngig@@gg 0. 19nnDI) and the resultlng m xture was
cooled to -10C. A 2M sol ution of isobutyl magnesi um
bromde in ether (12.4nl, 24.7mmol) was added slowy
and the mxture was stirregl atg-10cHy 10C for 3.5

hours. After quenching wth sa urgﬂs agqueous anmoni um
chloride sol ution, CHs

Step 1: 5-Bromo-2-methylpyridine
Following the procedure of Step 1 of Example 26 but substltutmg
methylmagnesium chloride for isobutylmagnesium bromide the 5-bromo-2-methylpyridine

compound was obtained as a solid.

Step 2: N-Isopropyl-1-[3-(6-methylpyridin-3-yl)phenyl]-1.4-dihydro[1 .8Inaphthyridin-4-one-3-
carboxamide '

Following the procedure of Example 24 but substituting 5-bromo-2-
methylpyridine from Step 1 for ethyl 5-bromonicotinate the N-Isopropyl-1-[3-(6-methylpyridin-
3-y1)phenyl]-1,4-dihydrd[1,8]naphthyridin-4-one—3-carboxamide compound was obtained as a
solid. |

'H NMR (CDCls) 8 1.32 (d, 6H), 2.63 (m, 3H), 4.30 (m, 1H), 7.25 (d, 1H), 7.45-
7.51 (m, 2H), 7.63 (s, 1H), 7.69 (t, 1H), 7.77 (d, 1H), 7.82 (dd, 1H), 8.72 (m, 1H), 8.78 (s, 1H),
8.85 (d, 1H), 9.08 (s, 1H), 9.68 (br, N).
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partitioned between ether and water and the product

fromthe organi c phase was 15 chromat ographed on
w@R00uo#83gel eluting with 10% et her in pentane POI/af1003/a86806

the 5-Brono-2-(2- nethyl propyl)pyridine conpound as a

volatile oil. Step 2: N Isopropyl-1-{3-[6-(2-neth

| ypropyl ) pyridin-3-yl | phenyl}-1,4- dihydro [ 1 81

napht hyri di n- 4- one- 3-c¢ ar boxanm de 20 Fol |l owi ng the

procedure of Exanple 24 but 'substituting

5- brono- 2-(2- nethyl propyl )pyridine fromStep 1 for

et hyl 5-brononicotinate the N-Isopropyl-1-{3-[6-(2-

nmet hyl propyl ) pyri di n-3-y

-1, 4-di hydr o[ 1, 8] napht hyr1 di n- 4- one-'3- car boxam de -

conpound was obtained as a white solid. 1H NVR (CDC13)
in-4-one-3-

L. 4. m , . , , (.40-7.47 (m
carbonamidy 60 (s, 1H), 7.64 (t, 111), 7.73 (d, 1H), 7.79
(dd, 1H), 8.68 (m 1H), 8.77-8.83 (m 211), 9.05 (s,
111), 9.66 (br, NH). -73 WD 2004/ 048377

PCT/ US2003/ 036806 EXAMPLE®7 NdI sopropyl -1 - f

fde (r) O CH3 j I H
CH3 NNp &CH3 NjSte : tyl -5-bronopyri di ne
10 To a solution of etRyl “yybro icotinate (3.9g,
16.9mmol) in ether (50mM) gt 0C

Step 1: 5-Bromo-1-oxidopyrimidine

To 5-bromopyrimidine (2.05g, 12.9mmol) in methylene chloride (25ml) was
added m-chloroperoxybenzoic acid (ca 70% pure, 3.17g, 12.9mmol) and the resulting mixture
was stirred at room temperature for 5 days. Calcium hydroxide (1g) was added and after 10
minutes the mixture was filtered through celite. The product from evaporation of the filtrate was
chromatographed on silica gel eluting with ethyl acetate to afford the 5-bromo-1-

oxidopyrimidine compound as a white solid.

Step 2: N-Cyclopropyl-1-[3-(1-oxidopyrimidinyl-5-yDphenyl]-1.4-dihydro[1,8Inaphthyridin-4-

one-3-carboxamide

Following the procedure of Example 24 but substituting 5-bromo-1-
oxidopyrimidine from Step 1 for ethyl 5-bromonicotinate and N-cyclopropyl-1-(3-
bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide for N-isopropyl-1-(3-
bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide, the N-Cyclopropyl-1-[3-(1-
oxidopyrimidinyl-5-yl)phenyl]-1,4-dihydro[ 1,8]naphthyridin-4-one-3-carboxamide compound

was obtained as a white solid.
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was added a 3M sol ution of methyl magnesi um brom de
(16.9nmL, 50.8mmol). The resulting thick slurry was
wormmesst oWy to room tenperature and after 1pPS&I/NS2003036806
it was poured slowy into an excess of 1M aqueous
nonobasi ¢ sodi um phosphate. The m xture was :
partitioned between ether and water and the pr oduct
fromthe organi c phase was chromat ographed on silica
15 gel, eluting with a 1:1:2 m xture of ether, pentane

O Gt $0 AELUSNE I 968 0. 34D 55 m, 11,
7.58 (ﬁygﬁ?ﬁaésl @M, 3@1€{Efﬁlﬁ¢@7§t hEgN®46 ¢, 1H), 8.60 (s, 1H), 8.68 (brs‘ 1H),

Ayl eth
8.81 (dd, 11§}, 982(?35}1 002 &, R 5! (Qel\ﬂ%scrl bed in Exanpl e

N- 1 sopr opyl 1- F3- (5-acetyl pyridi n-3-yl)phenyl | -
~4-di hydrof | 8l napht hyri di-g-4+ - 20 car boxarri de
Fol | owi ng the procedure %g@gl?r%?é 23 but substituting
3-acetyl -5- bromopyridine fromStep 1 for ethyl
e e1.- ox1dopvr1d1n 3-yllphenyl }-1.4-dihydro[1,8Inaphthyridin-
-( B-acetyl pyridi n-3-
_Mﬁ@m&mﬁ_ﬂl 4- di hydr o[ 1, 8] napht hyri di n- 4- one- 3- car box
am de conpound was obtained as a white solid. -74 WO
2004/ 048377 PCT/ US2003/ 036806 1H NMR (CDC13) S 1.29
(d, 6H), 2.69 (s, 3H), 428 (@n 1H), 7.48 (dd, 1H),
7.51 (d, 1H), 7.69 (s, 1H 2 (t, 1H, 7.80 (d,
1H), 8.42 (s, 1H), H%SZ(d 1H), 9.05
(s, 2H) 9.17 (s, EXAVPLE 28 N
| sopropyl 1 [3
(6- et hyl pyridi n- 3- ~li|) phgnyl | -1, 4-di hvdrof 1
8l napht hyri di n- 4- one- 3- '
N N

Step 1: 5-Bromo-2-(1-hydroxy-1-methylethyl) pyridine

To a suspension of 2,5-dibromopyridine in toluene (12ml/mmol) cooled to —7 8°C
was added n-butyllithium 2.5M in hexanes (1.05eq) and the resulting mixture was stirred in the
cold for 2.5 hours. Acetone (2eq) was added and stirring was continued for 1.5h. After
quenching with saturated aqueous ammonium chloride solution, the mixture was warmed to
room temperature and partitioned between ethyl acetate and water. The product from the
organic phase was chromatographed on silica gel eluting with 20% ethyl acetate in hexane to
afford the 5-Bromo-2-(1-hydroxy-1-methylethyl) pyridine compound as a syrup.

Step 2: 5-Bromo-2-(1-hydroxy-1-methylethyl) pyridine N-oxide
To a solution of 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine from Step 1 in
methylene chloride (5ml/mmol) at room temperature was added m-chloroperoxybenzoic acid

70% (1.1eq) and the resulting mixture was stirred at room temperature for 18 hours. An excess

-T77-
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.of cal¢iemMydeaxpdeopgd added and

10 NCH3 Step 1: 5-Brono-2-nethylp riy dine Follow ng

the procedure of Step 1 of Exanple 26 but substituting
woredohpissagnesi um chl ori de for isobutyl nagnesi ur€bUS2003€36806

t he 5-brono-2-net hyl pyridine 15 conpound was obt ai ned

as a solid. Step 2: N lIsopropyl 1 [3

(6- et hyl pyridi n-3-yl ) phenyl 1- 14-di hvdrof 1

8l napht hyri di n- 4- one- 3- carboxam de Fol |l owi ng t he

procedure of Exanple 24 but substituting 5-bronp-2 20

met hyl pyridine fromStep 1 for ethyl 5-brononicotinate

@p terStrpn Ry Itljlqjmﬁc.ture was filtered through a bed of

cehtg’ ’Yﬁé Bh@@ ¥odud ff'onq 'e%[‘zﬁl{o% o@lﬂ@ﬂ%%és@h?oxﬁate‘éﬁﬁk/%ﬁ Blica gel

de COTTpOUﬂ was obt ai ned as solid
elutl{lg:g@il@o%setj}ylgaget(a@ 111 anezm ghq %brq;pg 2-(A- hgéroecahl qlpﬁhylethyl) pyridine
N-oxfd&orgbunlias obtadied aé.aSlhifesolidH) , 7. 63 (s, 1H), 7.69
(t, 19, 7.77 (d, 1H, 7.82 (dd, 1H, 8.72 (m 1H,
8.78 (s, 1H, 25 8.85 (d, 1H), 9.08 (s, 1H), 9.68
Step(3orl-(INbfomophén WO 201kl dd[ 8 B IapBGifidERO08¢- 33683 amide

EXAMPLE \,

phenyl | F?{IQOM&&]% dé}g{}é?i%%lg?f]&égﬁ% %}Fszér!nﬁl%ﬁl B q{ﬂgsjt HgglgﬂS)% aqueous
amn@amm)hmrp@@le Kpr 1wpr@1@yhnunmth«j -(3- omophenyl) 1,4-dihydro[1,8]naphthyridin-
4-one-3-carboxamide compound was obtained as a solid. A

Step 4: 1-{3-[6-(1-hydroxy-1-methylethy])-1-oxidopvyridin-3-yl]phenyl}-1.4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide

Following the procedure of Example 24 but substituting 5-bromo-2-(1-hydroxy-
1-methylethyl) pyridine N-oxide from Step 2 above for ethyl 5-bromonicotinate and 1-(3-
bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide for N-isopropyl-1-(3-
bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide, the 1-{3-[6-(1-hydroxy-1-
methylethyl)-1-oxidopyridin-3-yl]phenyl }-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide
compound was obtained as a solid.

"H NMR (CDCl3 ) § 1.76 (s, 6H), 5.83 (br, 1H, NH). 7.50 (d, 1H), 7.55 (m, 1H),
7.57-7.62 (m, 2H), 7.65 (m, 2H), 7.72-7.78 (m, 2H), 8.55 (s, 1H, OH), 8.75 (m, 1H), 8.90 (dd,
1H), 9.08 (s, 1H), 9.52 (br, 1H, NH).
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Step 1: 5-Bronp-I|-oxidop3rindine 10 To
5- bronopyri mdine (2.05g, 12.9mmol) in methyl ene
wa@hbdoarusie7 (25ml) was added m chl or oper oxybenzp¢T/USI0E1036806
(ca 70%pure, 3.17g, 12.9mml) and the resulting
mxture was stirred at roomtenperature for 5 days.
Cal ci um hydroxi de (1g) was added and after 10 m nutes
the m xture was filtered through celite. The product
fromevaporation of the filtrate was chromatographed
on silica gel eluting mnggﬁikﬁﬁé gcetate to afford the
5-brono-1 15 oxi dopyrim conpound as a white
solid. Step 2:
N-IsoN-Br gﬁﬁggﬁr@&@' it dip =37 phie A SARRYIA L 1”1 Eth MtoT 2.3 ¥lah RRGANL4-dne-3-
_ ; of maptiyT T Ur M-2- -car boxam de
carbokadnldewi ng t he procedure of Exanple 24 but substituting
5-brono-1- 20 oxidopyri mdine fromStep 1 for ethyl
5- brononi coti nate and N—cyclopropyl-l-(B-
br omophenyl ) - O O
1, 4-di hydr o[ 1, 8] napht hyr 1jdi
N-isopropyl-1-(3 b dro[ 1,
8] napht hyri di n- 4- ojpe- 31 car oxanqde P%
N- Cycl opropyl -1-[3
oxi dopyri m di nyl - S-J%)ph.
i di n-4-one- 3-car boxam dg
white solid. -76 WD 20
NMR (CDC13 ) S 0.66 (m
111), 7.48 7.58 (d, 1H), 7.
7.77 (t, 1H), 8.46 (s, 1H), 8 , 8.68 (brs,
1H), 8.81 (dd, 1H), 8.98 (s, i 02Ns, 1H), 9.72
(br, NH). 5 EXAMPLE 30 1-{ 3 f6 (1 dydroxy 1
met hyl et hvl ) -1-oxid yridin-3-yl | pheny
ﬁiglhydro(1,81naphthyridin- 4- one- 3-carboxanmide 0 O

Step 1: N-Isopropyl-1-[3-(4.4.5.5 ~tetramethyl-1,3.2-dioxaborolan-2-yl)phenyl|-1.4-
dihydro[1.8]naphthyridin-4-one-3-carboxamide

A mixture of N-isopropyl-1-(3-bromophenyl)-1,4-dihydro[1 ,8Inaphthyridin-4-
one-3-carboxamide from Step 4 of Example 1, diboron pinacol ester (1.1eq), potassium acetate
(3.5eq) and [1,1’-bis (diphenylphosphino)ferrocene]dichloropalladium(ll) (0.05eq) in N,N-
dimethylformamide (Sml/mmol) was stirred at 85°C for 18 hours. A further amount of diboron
pinacol ester (0.4eq) and palladium catalyst (0.05eq) were added and heatihg and stirring were
continued for a further 24 hours. After cooling, the mixture was partitioned between ethyl
acetate and water, and the crude product from the organic phase was chromatographed on silica
gel eluting with a 1:1 mixture of ethyl acetate and hexane. The product was then stirred in
hexane at room temperature for several hours and filtered to afford the N-Isopropyl-1-[3-
(4,4,5,5,-tetramethyl-1,3 ,2-dioxaborolan-2-yl)phenyl]-1 ,A-dihydro[1,8]naphthyridin-4-one-3-

carboxamide compound as a white solid.

- Qﬁf car boxamni de for

nyl ] -1, 4-di hydro[ 1, 8] napht hyr
conpound was obtained as a
48377 PCT/ US2003/ 036806 'H
84 (m 211), 2.97 (m
7.71 (d, 1H),

Step 2: 3-(4-Bromophenyl)pyridine
A mixture of pyridine-3-boronic acid 1,3-propanediol cyclic ester, 4-
bromoiodobenzene (1.1eq), [1,1°-bis (diphenylphosphino)ferrocene]dichloropalladium(]l)
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i de was added after m nutes.t
asedidr 1besé¢g>@empw@wna>fs@aceaﬂdl@écrrppaéladmﬁe (e

NNOH CH3 0 10 CH3 Step 1:

5- Brono- 2- (1- hydroxy-I -nethyl ethvl) pyridine To a
waeepemsion of 2, 5-di bronopyridine in toluene PCT/US2003/036806

(12m/ mol ) cooled to -78C was added n-butyllithium

2.5Min hexanes (1.05eq) and the resulting m xture was

stirred in the 15 cold for 2.5 hours. Acetone (2eq)

was added and stirring was continued for 1.5h. After

guenchi ng wi th saturated agueous anmmoni um chl ori de

solution, the m xture was warnmed to room tenperature

(0.05HasEANiaghese dodjamaghonater(yeq)dn &t Mtdimatiylfpemasnide {3ral/mmol) was
stlnegrq‘?@y‘ré fdr a%hh BAfte aﬁuhqn A8 SatWPfe AL OSRL AU R BEEn RN de

ica gel elutin % et hyl acet te in hexaneto
solutggry, fegnixfige Bvaspéw%%ect laetwy%n %Ryﬂ aeetier g ATy pyd the crude product
fromRKé b@aﬂ@ Mﬂ'ﬁﬂxr(ﬁﬁat@gﬁﬁhéﬂbn Alic e@@luﬁn with a 1:9 mixture of ethyl

scctaf, g P £HA61 U9 B oRE He? ﬁ&a%givp%éﬂ?gbﬁ%eﬁ S

pyr|d| ne from Step 1 in nethylene chloride (5rr1/nm3|)
Yol Abfithyridin-4-one-

w t rbomtenperature for 18 hours An excess
- 77 VO 20044048816 v W@aﬁ%@t@ﬁﬁ@@ ~brBfno ﬁérﬁlﬂ) gdme from Step 2

and 2M aqueous
soduﬁﬁ Qﬁxlb@haté (56@]1) ﬁi’lﬁmﬂﬁﬁétﬂﬂfcﬁfnahﬁ@e (fmrﬂlxmmbla Wi Stirred at 85°C for 1 hour.
Aftea%(g)? g gtél%gwgsn%@tl?r}?g b%?ween eti“lI 1 arcl,gta%M atng WSan{ eIthe )érude product
from3hé Drgamc@hééb- Wascthooryatbgraphdd/dresihiyd gel pintingivwith a N3 owik tige of ethyl
acetdt® gp@ﬁﬁ@ﬁyygﬂé cRBLAL REFAT ult Nﬁ.&&p‘foﬁ}@-lli—fjj'-[45(pyridin—3-yl)phenyl]phenyl }-

1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide compound as a solid.

"H NMR (CDCls ) 8 1.30 (d, 6H), 4.25 (m, 1H), 7.35 (m, 1H), 7.39-7.48 (m, 2H),
7.60-7.75 (m, 6H), 7.80 (d, 1H), 7.90 (d, 1H), 8.58 (d, 1H), 8.70 (m, 1H), 8.82 (d, 1H), 8.88 (s,
1H), 9.08 (s, 1H), 9.68 (br, NH).

EXAMPLE 32

N-Cvyclopropyl-1-[3-(5-methylsulfonylpyridin-3-yl)]phenyl]-1.4-dihydro[1,8Inaphthyridin-4-

one-3-carboxamide

O O /
N N
I H
N~ °N

O\/EHS
570
»
N
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Step 3:
1- (3- bronophenyl) -1, 4-di hydr o[ 1, 8l napht hyri di n- 4- one- 3
WO canlogssami de Fol | owi ng the procedure of Step BCDUS2003/036806
Exanpl e 1 but substituting 28% aqueous anmoni um
hydr oxi de for isopropylam ne the
1- (3- bronophenyl) -1, 4-di hydr o[ 1, 8] napht hyri di n-
4- one- 3- car boxam de conmpound was obtained as a solid.
10 Step 4: 1 (3 f6- (1 -hydroxy-I-neth
3-

lan. -yDphenyl}-1.4-

‘ c‘hhvchllI Rimmigh\trhm momeédmarleaomhuwarrpl e 24 but subst ituting

5-bro
from g?F(ﬁIo%‘% %g@ é)??%d&rerfﬁts@%fgﬁiﬁ% %hpﬁ%b%ﬁghgﬁ -cyclopropyl-
1-(3- m:oqmg)ph@gll) 1,4-dihydro(1, 8]naphthynd1n 4-one- 3-carboxamlde from step 1 of example

14 foP N:ﬁepﬂa ?yi 3-@704@&1&5/3@ @Phlﬁ}&@ﬁ@]ﬂéﬁh‘tﬂrﬂnﬁzl%g'33ca?l§’6xkﬂnnde the

N- C}%i(q%g]% AR 3 SRt 3, dioxaborolan-2-ylphenyl]-14-
chhy(ﬁ])[lfmh&my@lﬁlﬂbn@@ecﬁb@@hb@é(@iﬁlﬁﬁmdtﬁh@ obtained as a white solid.
1-{3-[6-(1- hydroxy-1I -
met hyl et hyl ) - 1- oxi dopyri di n- 3-yl ] phenyl }-1, 4-di hydro]
Step 2; S} citidilswlfén i@near boxam de conpound was

g?ggi }geﬁo §§'_1ﬁb1%&§olpgt}dl g@%‘g 4 olég!s 1%th§l§ﬂé;n (7@@3)' at -78°C was
added ndpt ll@gm(l AOM i hexangg 8(6ml, P mmpl)7@d7the73:sw(1 g Ppjxture was stirred

in th8e A 1613 héU'!; ]Qfﬁeth}a d?s@lﬁd'g (1]1@)71181 \%2\0% dyas ahh&d arfh 818 mixture was
wamég%lﬁa ’ %Sth EWBEecglietNeqrg § mﬂo iteg 3ch the crude product

from(epafpdratld’iréf thd b)ﬂgbﬁﬁ phhsahmwldﬂiccﬂteﬁ*aldydwﬁifam[ (80ml), methanol (20ml),

oxonﬁ({]f‘gg I%E Xﬁéu%h satulra(i)enqe aqueogsasro Rty 1car%onate to ai%_r% a sll\lgﬁ%li IEbasic
medium. After stirring for 4 hours at room temperature, an excess of 1M aqueous sodium

metabisulfite was added, the organic solvents were evaporated, and the residue was partitioned
between ethyl acetate and water. The crude product from the organic phase was stirred in a

- small volume of ethyl acetate and filtered to afford the 3-Bromo-5-methylsulfonylpyridine

compound as a solid.

Step 3: N-Cyclopropyl-1-[3-(5-methylsulfonylpyridin-3-y)lphenyl]-1.4- .
dihvdrof1,8naphthyridin-4-one-3-carboxamide

Following the procedure of Step 3 of Example 31 but substituting 3-bromo-5-
methylsulfonylpyridine from Step 2 above for 3-(4-bromophenyl)pyridine, and N-cyclopropyl-1-
[3-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,4-dihydro[ 1,8]naphthyridin-4-one-3-
carboxamide from Step 1 for N-isopropyl-1-[3-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide, the N-Cyclopropyl-1-[3-(5-
methylsulfonylpyridin-3-yl)]phenyl]-1,4-dihydro[ 1,8 naphthyridin-4-one-3-carboxamide
compound was obtained as a solid.

'H NMR (CDCl3) § 0.71 (m, 2H), 0.90 (m, 2H), 3.03 (m, 1H), 3.21 (s, 3H), 7.53
(m, 1H), 7.60 (d, 1H), 7.74 (s, 1H), 7.80 (t, 1H), 7.86 (d, 1H), 8.45 (m, 1H), 8.74 (m, 1H), 8.86
(d, 1H), 9.09 (s, 1H), 9.20 (d, 2H), 9.78 (br, NH).
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NN Step 1: N lIsopropyl-1-[3-(4 4 5 5-tetranethyl-1 3
2-di oxabor ol an- 2-yl ) phenyl | -1,4- dihydro [ 1
W@ 20vapk3myri di n- 4- one- 3- car boxanmi de 10 A m xt uPET/082003/036806
N-i sopropyl - 1- (3- bronmophenyl ) -1, 4- di hydr o[ 1, 8] napht hyr
i di n-4- one-3-carboxam de from Step 4 of Exanple 1
di boron pi nacol ester (1.leq), potassium acetate
(3.5eq) and [1,1' -bis
(di phenyl phosphi no) f errocene] di chl or opal | adi un( H)
(0.05eq) in N,N dinethylformamde (5nl/ mol) was
stirred at 85C for 18 hoBfAMRLE®St her anpunt of
di boron pinacol ester (0.4eq) and palladi um catal yst
(0. 05eq) ver e added and h d, stirri
eI QT a1 1 1 S LFOD A idi N e ' .'.!;
dlhydfbpqtgqﬁ@mmdﬁamdnymxaﬁﬁmen et hyl acetate and
wat er, and the crude product fromthe organic phase
was chronatbgraphed on silica gel eluting with a 1:1
m xture of ethyl acetate apd hexane. The product was
then stirred in hexane at tenpggature for
several hours and fil ﬁ he
N- | sopropyl -1 -[ 3- H
(4,4,5,5,-tetramet hykg i oxabor ol an- 2-yl ) phenyl ] -
1, 4- d|hydro[ 1, 8] napht Nyri & n- 4- one-3- 20 carboxan de
conmpound as a white solid. Step 2: 3-(4-Bronmophenyl)p

rimA mixture of pyriding por onDc  aci d
4- fhronoi odobenzene
AN
0

1, 3-propanedi ol cyclic ed
(1.1leq), [1,1 -bis ‘
(di phenyl phosphi no) f errocene] di hIopaI l adi un(11)
-79 WD 2004/ 048377 PCT/ US2003/ 036¢06 (0.05eq) and 2M
aqueous sodi um car bonat e (Sﬁﬁ%i'n
N, N- di et hyl f or mani de ( 2nmi/ é CHytirred at 85C
for 4 hours. After quenching wi t hOsht ur at ed aqueous
amoni um chl oride solution, the m xture was
partitioned between ethyl acetate and water, and the
crude product fromthe organi c phase was

Y04 3 natki ca gel eluting with a 1:9

m xtur eTQfa safuhxh oﬁzs%%h&%&ll@dlﬂuéﬂs‘ai@(@héw FoHabAY Bt 188:2446(1990))
3-(4-Bro &HX di ne g npound %da ol i.d.
(2.0g) in tetrahydro uran (y10 ) was added excess etherea azomethane and the resulting

mixture was stirred at room temperature for 1 hour. The mixture was evaporated and the product

chromatographed on silica gel eluting with a 1:3 mixture of ethyl acetate and hexane to afford

the Methyl 2-bromoisonicotinate ester as a colorless liquid.

Step 2: 2-Bromo-4-(1-hydroxy-1-methylethyl)pyridine
Following the procedure of Step 1 of Example 25, but substituting methyl 2-
bromoisonicotinate from Step 1 for ethyl 5-bromonicotinate, the 2-Bromo-4-(1-hydroxy-1-

methylethyl)pyridine compound was obtained as a white solid.

Step 3: 2-Bromo-4-(1-hydroxy-1-methylethyl)pyridine-N-oxide

Following the procedure of Step 2 of Example 30 but substituting 2-bromo-4-(1-
hydroxy-1-methylethyl)pyridine from Step 2 for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine
the 2-Bromo-4-(1-hydroxy-1-methylethyl)pyridine-N-oxide compound was obtained as a white

solid.
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Step 3: N-1sopropyl -
3-F4-(pyridin-3-yl)phenyl | phenyl
wo 2d0444837hydr ol | , 8l napht hyri di n- 4- one- 3- car bOREIUS®03036806
m xture of the boronate from Step 1,
?1(if b[)ormphenyl )pyridine fromStep 2 10 (1.5eq),
i's
(di phenyl phosphi.no) f errocene] di chl oropal | adi un(I1)
(0. 05eq) and 2M aqueous sodi um carbonate (5eq) in
N, N- di et hyl f ormam de (7nil/ mmol) was stirred at 85C
for 1 hour. After coollng the mxture was
Step gaiN-Ctyclopiex ' ‘ 2 idj

dlhchro Dijéjl‘ﬁgDht]iflJrﬂiIPl h%eoj c{il' 6)&119@@56 vvas Chromat ogr aphed “on

ture
acet ate dhﬂvmgth%rgw@umf&tq:m% of Exagflplg r3a, l@tﬁéubstltutlng 2-bromo-4-(1-

Ahydrc!)\k}J ?g&‘i%érf[gf }{rfﬁhﬂflﬁfd%)'cge: fgclblﬂssep\/'} Td?@%hﬂopﬁﬁféﬁiylsu%nylpyndme the
N-Cisbamseii- ol Gy SR P SO o Y ey L4

d1hy&ro?158]€1 htﬂﬂ’ﬁdml &fe-1-arbdtdmidd c@BpaurdiBy {smbtaihdd as a beige solid.

(d 1H) %(’?mﬂﬁ)&&égg&m@% {)499 &, . {“4% (s, BER2.90 (m, 18D,

5.35%,Q8, OEH) 1|4*¥ (m9 188 7t (m, NEH), 72@ (EXANRISE 13, 2H), 8.30 (d, 1H), 8.72

(dd, M% bll n- ggzl(;é ﬁﬁ) ? 1] 4 d| hydr ol I 8l napht hyri di

n- 4- one 3- carboxamde OOH NNOCH3 S=0O b- 25 N

-80 WD 2004/ 048377 PCT/ US20QMMI36806 Step 1:

N- Cycl opropyl -1-13-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabo

rol an- 2-yl ) phenyl | -1, 4-
N-Cvyclopropyl-1-{3-[5-(1-hydroxy-1-methylethyl)pyridin-2-yllphenyl} 1.4-

dihvdro[1.8]naphthyridin-4-one-3-carboxamide

X N
D
N~ N
N
l N
_ OH
Hd CHs

Step 1: 2-Bromo-5-(1-hydroxy-1-methylethyDpyridine

A solution of 2,5-dibromopyridine in diethyl ether (Sml/mmol) was cooled to —
78°C, and n-butyllithium 2.5M in hexanes (1.05eq) was added slowly. After Zh in the cold,
acetone (1.3eq) was added and stirring was continued for 1 hour. The resulting mixture was
quenched with saturated aqueous ammonium chloride solution, warmed to room temperature,

and partitioned between ether and water. The crude product from the organic phase was
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di hydrof I, 8] napht hyri di n- 4-one- 3- car boxam de

Foll owi ng the procedure of Step 1 of Exanple 31 but
wa@adpsoug3nt i ng N-cycl opropyl - PCT/US2003/036806

1- (3- bronophenyl ) -1, 4-di hydr o[ 1, 8] napht hyri di n- 4- one- 3.

-carboxam de fromstep 1.of exanple 5 14 for

N-i sopropyl -1 -(3-bronophenyl ) -1, 4-di hydro[ 1, 8] napht hyr

i di n-4-one-3-carboxani de the N-Cyclopropyl- |

-[3-(4,4,5,5, -tetramsthyl 1, 3, 2-di oxaborol an- 2- yl)phen

tntu%@hﬁgéhdf di h g%i@peght f{)réln tQSP omos‘f-g{jg)zﬁoxy
metl@}eB{)@)mn&nﬁebimpbmd dsangollidyri di ne 10 To

3, 5-di bronmopyri di ne (2.96g, 12.5mmol) in diethyl ether
(70ml) at -78C was added n- butylllthl um 1. 6M|n

iyl @igﬂ@ﬁx b0 40 CoblfaHe 3 hours. Dimethyl
was added and the Xt ur
nas  waFoRawing theapradsrpel Sem of Eﬁﬁ@deéar ‘PlﬂttSPBWé‘éFmg 2-bromio-5-(1-

hydreva‘l\@ﬁé'ﬂh |then }@ﬁﬁiné/\ﬁi‘&lﬁrSte Tpfdrggbgﬁﬁﬁdﬁnﬁﬂ%ﬁ%nylbyﬁﬁhe the N-
Cyolpgepainy s -i?—&fiﬁéreéwﬁnr%etg BRI ZoM e one

dihy b7 3 Inapieth @idinghorssd -uirdbednide vempsursiodisbtdinebaseosvditle

to affor I r

4 hour o AR SEACIS G TF R R0, 215,y B 15 @11, om),
3.04$d il 7 46T éBu(mulZHD t7e7 k/@,slfé)daéfa (dt1H®), 6084, dPBo|8\ﬂér(§slH) 8.20 (d,

0 h [ PR i tioned

1H)W2\?\Seng\r?{e3fﬁ%%gac7e a?g)a%dﬁsitlgl?a) 8r\%gjrcr ude product

fromthe organic phase was stirred in a small vol une

of ethyl acetate and fil texXaNMHIE 3 ford the

3- Bronp- 5- net hyl sul f onyl pyri di ne 20 conpound as a

solid. Step 3: NCy
N-Cydpgropylt [ 3-13(1-hyvdrek Wi methflethyl pyridiaidnd Bhehylt diden |y
: ' .of hyridi n-4. - one- 3- car boxam de
dih na tH &8431165% @%Hh ep 3 of Exanple 31 but
substituting 3-brono-5 25 net hyl sul fonyl pyridine from
Step 2 above for 3-(4-bronophenyl)pyridine, and
N- cycl opr opyl - o O
[3-(4,4,5,5,-tetranethyl -
[]-1,4-di hydro[ 1,
fromStep 1 for
N—|sopropyl-l-[3 (44N yl -1, 3, 2- di oxaboro

- di or ol an- 2-yl ) pheny
[ tr 4- one-3- car boxam de

1, 8] napht hyri di n- 4- one- t he
N- Cycl opropyl -1 -] 3-(5- OH
‘ CHj

Step 1: 4-Bromo-2-(1-hvdroxy-1-methylethyl)pyridine

Following the sequence described in Steps 1-2 of Example 33, but substituting 4-
bromopicolinic acid (Aust. J. Chem. 24:390(1971)) for 2-bromoisonicotinic acid in Step 1, the 4-
Bromo-2-(1-hydroxy-1-methylethyl)pyridine compound was obtained as a white solid.
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20

met hyl sul f onyl pyri di n-3-yl )] phenyl] -1,4-dihydro [ 1,

8] napht hyridin-4-one-3-c arbox ami de 30 conmpound was
wWo@bdioaiosssd’ as a solid. "H NVR (CDC13) b 0.71 (nPCR1$2003/036806

0.90 (m 2H), 3.03 (m 1H), 3.21 (s, 3H), 7.53 (m

1H), 7.60 (d, 1H, 7.74 (s, 1H, 7.80 (t, 1H), 7.86

(d, 1H, 8.45 (m 1H), 8.74 (m 11-1), 8.86 (d, 1H),

9.09 (s, 1H, 9.20 (d, 2H), 9.78 (br, NH). -81 WD

2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 33

dihvdigi 1,3 nashtdyridit -Ayohe -carboxamide

81 napht-hyr i di n=4- one-:3- : |
i i T
hydraxys bimethydethypyzidinednen St Lior Sriremact-mefhokeHrndpyidipe, the N-
Cyclf%gm1)-§§mgg-€§gg%r§%§lh)metﬁ§le %I)Qﬁ%dihﬂ;}tlﬁﬁléﬂﬁ%df,@f ur an

. @ e t. | d . .
dihydrobl b RB§Prii Ac- ne bRTE oo RPO N OF DL ool
1 hour . 'FRRIBMEE-dWeS0.6Y aRORH), O sand 2H) el $8 ¢l GED, 2.91 (m, 1H),

chr g e n . shli [._eluti i t ¥
527 AP E0o] St PdiDal d22r oRhes bty HEF 57105 5D 858 @ 18D,
8.73 1, 221)D8.84nG, 48] £ T3 (ralNE) ester as .a col orl ess

liquid, 15 Step 2: 2-Bronp-4-(1-hvdroxv-l-neth

[leth~l)p rimdine Follow ng the procedure of Step 1

of Exanple 25, but subst iEFQgM?é%% hyl 2-

Synthesis of N-Cyclopropyl-1-{ 3-[3-(1-hydroxy-1-methylethyl)-1-oxidopyridin-4-yliphenyl } -
1.4-dihydro[1,8]naphthyridin-4-one-3-carboxamide

Step 1: 4-Bromo-2-(1-hydroxy-1-methylethyl)pyridine N-oxide
Following the procedure of Step 2 of Example 30, but substituting 4-bromo-2-(1-

hydroxy-1-methylethyl)pyridine from Step 1 of Example 35 for 5-bromo-2-(1-hydroxy-1-
methylethyl) pyridine, the 4-Bromo-2-(1-hydroxy-1-methylethyl)pyridine N-oxide compound

was obtained as a white solid.
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br onoi soni cotinate from Step 1 for ethyl

5- brononi coti nate, the 2-Bronop-4-(1-hydroxy-I-
woredohpissrhyl ) pyri di ne conpound was obt ai ned asPET/Mbi#E036806

solid. 20 Step 3: 2-Bronp-4-(1-hvdroxv-l-neth |y

et hyl ) pyri di ne- N-oxi de Fol |l owi ng the procedure of Step

2 of. Exanple 30 but substituting 2-brono-4-(1-

hydr oxy- 1- met hyl et hyl ) pyridine from Step 2 for

5- br ono- 2- (1- hydr oxy- | - net hyl et hyl ) - pyrldlne t he
Ste4 1_hydr oxy- | - met hyI et hyl) pyri dldn Xéll-%]phenvl} L4

d1hvﬁ@g81|ﬂéﬂﬁﬁ‘7ncﬁﬁ:ﬁ/ éi%@g&b@ﬁiﬁ@@ st ep 4:
CcloO
et ! PO e e gfprte YT SRERY PR 12 i sty 4rbromo-2-(1-

hydrSXy-mamﬂnhﬁymy]dpynddﬁdaNe}x%s:framt&w@ahfdéi-lﬁa)kﬂoeﬂ\ﬁrrmgl}ﬂshéfonylpyndme the

N-CRIGHERH G P BRRy SRRy oy it E e I
dihydrobh8 Bepliph@ridinr-Gebi-oarbosamide hyﬂns@ulrddﬁgsl qbyainett asea baigpesolid.

N- Cycl Om@%XEMSO d)8057 (m 2H) 0.78 (m, 2H) 162 (s 6H) 2.90 (m, 1H),

699,§§,|1P§,% 6§T7h%%[41—9 YOS Y oS X I9Ry b A 48RS 1)
873&1m@xhtm)r8.e'3ros AIreTSsaNbxani de Comoound was
obt ai ned as a beige solid. 1H NVR (DM5SO-d6) 6 0.57 (m
2H), 0.79 (m 2H), 1.45 (s, 6H), 2.90 (m 1H), 5.35
(s, 1H, OH), 7.48 (m 1HEXAMRLE3 1H), 7.72 (m 3H),
8.11 (m 2H), 8.30 (d, 1H), 8.72 10 (dd, 1H), 8.78
(m 1H), 8 82 (s 1M, 9.72 (br, N EXAI\/PLE 34
F&n(ﬁ—lsonronvlstdfqnvl yidinn%yl) jphepyl bl 8

om?;%aﬁﬂokﬂhﬁgw | 1,4- 15 di hydrof 1
8T naphthyri di n- 4- one- 3-carboxanide OO H N N

oo‘i
X N
| H
s
N~ N
CH,

S\\)\CH
O

hyridin-4-

O//

Step 1: 5-Bromo-2-isopropylthiopyridine

To a mixture of 2,5-dibromopyridine (2.07g, 8.73mmol) and 2-propanethiol
(0.97ml, 10.4mmol) in N,N-dimethylformamide (20ml) at 0°C was added bortionwise sodium
hydride 60% dispersed in oil (450mg, 11.3mmol). The resulting mixture was stirred at room
temperature for 1 hour, then partitioned between ether and water. The crude product from the
organic phase was chromatographed on silica gel eluting with 10% ethyl acetate in hexane to

afford the 5-Bromo-2-isopropylthiopyridine compound as a solid.
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25

N OH H3C CH3 Step 1: 2-Bronp-5-(1-h day-1-nmeth |y
ethyl)pyri dine 20 A solution of 2,5-dibronopyridine
WO poodiogg3ny|l et her (5nl/ mmol) was cool ed to - 7BC/US2003/036806
n-butyllithium2.5Min hexanes (1.05eq) was added
slowy. After 2h in the cold, acetone (1.3eq) was
added and stirring was continued for 1 hour. The
resulting mxture was quenched wi th saturated aqueous
amoni um chl ori de sol ution, warnmed to room
tenperature, and partitioned between ether and water.
The crude product fromthe organi c phase was -83 WO
StepmoﬂBﬁﬂﬁ&ZZscﬁﬁﬁéMﬁﬁ%Qﬁﬂiﬁ% triturated with 1:1

et her - ane nd fil.tered to aff
2- Br orm l"ﬁ 85)}3 POy '&SR%IPB lﬁly%};ﬁlﬁlll r%nél Séé) ] 82 03§ 8.75mmol)
in teHsh;airtsfotanc(SOIﬁi)epdmetMnﬁ‘.y (‘25@} gy C-was{added oxone (15 8g, 25.8mmol) and
I
B
temREtsPRE h@utré Eb@mﬁwwq@ﬂ@w@@ aquegpiadiugy bicgihonate and
partlﬁHﬁ’&f bt Wbd\Ghd-BEQRTBma V&(ale‘r The crude product from the organic phase was

ch roglag}rggq)%_ %Oﬂé’clﬁ? :gg [ q%‘ﬁ%%/‘% S{)%»eeﬁéyrl %;Enq{gtteﬁﬁ)hexane to afford the 5-Bromo-2-
isopfap9lsaemyyriding compound as a white solid.

3-15-(1-hydroxy-I|-nethyl ethyl)pyridin-2-yl]phenyl
}-1,4- di hydr o[ 1 8] napht hyr| di n- 4- one- 3- car boxani de

NPT syl 3 1sulf idineB-yINphiR1[-CAC13) 6
dlhvﬁm?ilsirﬁbht%%dm% 819: § %b%kﬂmld% 68 (s, 61, L 85 (s 1H,

7 79 (d Foﬂwmg-,theggroquue gﬂ_{;tep 8. or_{rbxeglplel% butgsubglttlgng 5-bromo-2-
1sop lsuﬁoﬂﬁp}(r[ﬂlnelﬁl))m ﬂepﬁ@ £6t- BFrol®-5-2tdthyl i fbaylp§ridihé])the N-
CYC]NPE‘:SPé’ -2—6? 6%@oproixy§hﬁgnxlquglﬁé-yl)]phenyl] 1,4-dihydro[1,8naphthyridin-4-
one-B@aybdxanidelvongionyd Wway vbtdinad 4s gkbdlphen 111- 1, 4-

'"H NMR (CDCls) § 0.70 (m, 2H), 0.89 (m, 2H), 1.39 (d, 6H), 3.00 (m, 1H), 3.82
(m, 1H), 7.51 (m, 1H), 7.60 (d, 1H), 7.72 (s, 1H), 7.80 (t, 1H), 7.83 (d, 1H), 8.15-8.24 (m, 2H),
8.72 (m, 1H), 8.86 (dd, 1H), 9.03 (s, 1H), 9.10 (s, 1H), 9.77 (br, NH).

EXAMPLE 38

N-Cvclopropyl-1-{3-(6-methoxypvridin-3-yDphenvl]-1.4-dihydro[ 1,8 naphthyridin-4-one-3-
carboxamide

O O |
X N
| H
v
N~ N
|\
N~ o CHs
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20

di hydr of 1, 81 napht hyri di n-4-one-3-carboxamde OON J
H NNHICOH CH3 iN20 Step 1:
wd2Ba08372- ( 1- hydr oxy- | - net hyl et hyl ) p ni ne Fol POTMISZY03/036806
the sequence described in Steps 1-2 of Exanple 33, but
substituting 4- bronopicolinic acid (Aust. J. Chem
24:390(1971)) for 2-bronoisonicotinic acid in Step 1,
the 4- Bronp-2-(1-hydroxy-I|-nethylethyl)pyridine
conmpound was obtained as a white solid. 25 -84 WO
2004/ 048377 PCT/ US2003/ 036806 Step 2:
N- Cycl opropyl - 1-{3-f 3-(1- hydroxy-| - met hyl et hyl ) pyridin
Step 14 5yBioptvePyiethokydyridindy dr of 1 8l napht hy

Step 3 o7 esiuiph 855Gl dtt ol aoRbRIERILS: ()
dimethytfoorymitlertBmbyw astadyied mythavol(@. 56mbhar@t1é\|d potaggnm tert butoxide
(32. 3&1 FMG ?eslﬁﬁ%&%éﬁt{léé ?fily tﬁﬁ‘é'd Q'r@fm térﬁﬁe [i%{uﬁe for 18 hours The resulting

dr ox din-4
slurry yag pmﬁ; q:q with gaturated aqueous ammomum chlonde sO ut10n and partitioned

betw Bt l%é{at%]aﬂamtté?y i€ ichrdd pRARCBi6 RO Y d@h@@rmund
chroqlﬁtioggaggx aA gne gﬂgg\% gl e g&;}xg vsﬂ}aﬁ%i ggm}(gg_é\' I\/F%tg ang exz)ingto aff(B)rd the 5-

Bronfo-2-fndiSoxyphtidiGkyompound-ag afiGil(m 2H), 7.72 7.79 (m
oH), 8.01 (m 1H), 8.10 (s, 1H), 8.58 (d, 1H),

‘ Step 2: N-Cyclopropyl-1-[3-(6-methoxypyridin-3-yl)phenyl]-1.4-dihydro[1.8Inaphthyridin-4-

one-3-carboxamide

Following the procedure of Step 3 of Example 32, but substituting 5-bromo-2-
methoxypyridine from Step 1-for 3-bromo-5-methylsulfonylpyridine, the N-cyclopropyl-1-[3-(6-
methoxypyridin-3-yl)phenyl]-1,4-dihydro[1,8Inaphthyridin-4-one-3-carboxamide compound
was obtained as a solid.

"H NMR (CDCls) § 0.71 (m, 2H), 0.89 (m, 2H), 3.00 (m, 1H), 4.00 (s, 3H), 6.85
(d, 1H), 7.44 (d, 1H), 7.50 (m, 1H), 7.62 (s, 1H), 7.68 (t, 1H), 7.73 (d, 1H), 7.83 (dd, 1H), 8.44
(s, 1H), 8.73 (m, 1H), 8.85 (dd, 1H), 9.10 (s, 1H), 9.82 (br, NH).
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8.73-8.79 (m 2H), 8.84 (s, 1H), 9.73 (br, NH. 10
EXAMPLE 36 Synt hesis of

wWOR@yohs3pT opyl - 1- { 3-f 3- (1- hydroxy-1-meth PCT/US2003/036806

| Yet hyl ) - 1- oxi dopyri di n-4-yl | phenyl }- 14-di hydrof 1
8l napht hyri di n- 4- one- 3-carboxanmde 15 OO H N N H3C
OH CH3 O Step 1:
4- Br onp- 2- (1- hydr oxy- | - net hyl et hyl ) p3ri di ne N-oxi de
Fol l owi ng the procedure of Step 2 of Exanple 30, but
substituting 4-brono-2-(1z
hydr oxy- 1 - nmet hyl et hyl) pyfi?(@i%alg ]??8m Step 1 of Exanple
35 for 5- bronD 2-(1- hydroxy | - methylethyl) pyridine,
h [ L&l r&lﬁyﬁr]hﬁjdh'ﬁ?vndmA one-3-

a wnite solrd. -

carbo\;(\ﬁnﬂﬁOM 048377 PCT/ USZOOS/ 036806 Step 2:

N-Q/CI opropyl -1-{3-f3-(1- hydroxy-|-neth

| Yet hyl ) - 1- oxi dopyri di n-4-yl | phenyl }-1, 4- di hydrof 1,
8l napht hyri di n- 4- one- 3- capboxayyi de Follomnng t he
procedure of Step 3 of Exgnpl g} 32, substituting
4- brono- 2- (1- hydro ri di ne- N-oxi de
fromStep 1 for 3 t hyl gul f onyl pyri di ne, the
5 N-Cycl opropyl -
3-[3-(1-hydroxy- I-me yI eNnyl ) - 1- oxi dopyri di n-4-yl ] phe
nyl }-1,4

N
s
"N~ CHjg

Following the procedure of Step 3 of Example 32, but substituting 5-bromo-2-

methylpyridine from Step 1 of Example 28 for 3-bromo-5-methylsulfonylpyridine, the title

compound was obtained as a solid.

'H NMR (CDCls) § 0.72 (m, 2H), 0.90 (m, 2H), 2.65 (s, 3H), 3.03 (m, 1H), 7.28

(d, 1H), 7.45-7.53 (m, 2H), 7.66 (s, 1H), 7.72 (t, 1H), 7.80 (d, 1H), 7.84 (dd, 1H), 8.73 (m, 1H),
8.80 (s, 1H), 8.86 (dd, 1H), 9.11 (s, 1H), 9.82 (br, NH).

{
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20

di hydr o[ 1, 8] napht hyri di n- 4- one- 3- car boxam de conpound
was obtained as a beige solid. 1H NVR (DMSO-d6) 6 0.57

W@ pgo42483770. 78 (m 2H), 1.62 (s, 6H), 2.90 (mPAFPS2003/036806
6.99 (s, 1H, OH), 7.65-7.84 (m 4H), 7.94 (s, 1H), ,
8.03 (dd, 1H), 8.15 (s, 1H), 8.38 (d, 1H), 8.73-8.78
(m 2H), 8.83 (s, 1H), 9.73 (br, NH). .10 EXAMPLE 37
N-C

propel -1 -f3-(6-isopropyl sul fonyl pyridin-3-yl)I phenyl | -
|, 4-di hydrof 1, 8l napht hyridi n-4- one- 3-carboxam de 15
OON H NNCH3 NS OBAMREGEA0 1.
5-Bronp-2-isoprop Iy thiop. n To a mixture of
N-CEIa g2 DRe b&ioo G Bt SR ALARG 1 4.

dihvtoN , @lnaphth yiti diordrous Eéax(baﬂirﬂi)ie ;at 0C was added

portionw se sodium hydride 60% di spersed in oil
(450ng, 11.3mmol). The resulting mxture was stirred
at room tenperature fob 1 ur, then partitioned
bet ween et her and waterj] Theyjcrud roduct fromthe
or gani ¢ phase was he/dag silica gel
eluting with 10%jeth ateNi n hexane to afford
the 5-Brono-2-isgpropyl thijopyri'dine conpound as a

: 4837 PCT/ US2003/ 036806 Step 2:
5- Brono- 2-i sopropyl sul fényl p i dine

Step 1: 5-Bromo-2-(2,2 2-trifluoroethoxv)pyridine

Following the procedure of Step 1 of Example 38, but substituting 2,2,2-
trifluoroethanol for methanol, with heating at 70°C for 18 hours, the 5-Bromo-2-(2,2,2-

trifluoroethoxy)pyridine compound was obtained as an oil.

Step 2: N-Cyclopropyl-1-{3-[6-(2,2,2-trifluoroethoxv)pyridin-3-ylIphenyl }-1.4-
dihvdrof1,8naphthyridin-4-one-3-carboxamide

Following the procedure of Step 3 of Example 32, but substituting 5-bromo-2-
(2,2,2-trifluoroethoxy)pyridine from Step 1 for 3-bromo-5-methylsulfonylpyridine, the N-
Cycloprop};l- 1-{3-[6-(2,2,2-trifluoroethoxy)pyridin-3-yl}phenyl }-1,4-dihydro[ 1,8 lnaphthyridin-
4-one-3-carboxamide compound was obtained as a solid.

'HNMR (CDCl3) 6 0.72 (m, 2H), 0.90 (m, 2H), 3.03 (m, 1H), 4.85 (g, 2H), 7.00
(d, 1H), 7.43-7.53 (m, 2H), 7.62 (s, 1H), 7.69-7.78 (m, 2H), 7.92 (dd, 1H), 8.42 (s, 1H), 8.73 (m,
1H), 8.85 (dd, 1H), 9.10 (s, 1H), 9.80 (br, NH).

-90 -
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To a solution of 5-brono-2-isopropylthiopyridine from
Step 1 (2.03g, 8.75mml) in tetrahydrofuran (50m)
wae@4oegshanol (25ml) at 0C was added oxone ( 15P@QUS2003/036806
25.8mmol ) and 5 then saturated aqueous sodi um
‘bi carbonate (25ml). The resulting m xture was stirred
at roomtenperature for 6 hours. The m xture was
guenched wi th aqueous sodi um bi carbonat e and
partitioned between ethyl acetate and water. The crude
product from the organi s chromat ographed on
silica gel eluting vvith%ig&?%iﬁ acetate in hexane to
afford the 5-Brono-2- i sopr opyI suI fonyl pyridi ne
{

arboi@ ) Iy 1=1 4 di hydro [

1, 81 napht hyri di n- 4- one- 3- car boxam de Fol | owi ng the
procedure of Step 3 of Exanple 32, but substituting

5- br onp- 2- i sopropyl sul fogyl pypi di ng from Step 2 for
ohyl

N 15

fjenhy! pyridin-3-yl)]phe
i di H-4- one- 3-car boxam de .
olid. 1H NWR (CDC13) S

1.39 (d, 6H), 3.00 (m
w_1H), 7.60 (d, 1H), 7.72
d, 1H), 8.15-8.24 (m
B)S (s, 1H), 9.10

3- br ono- 5- net hyl sul f onyl pyri di
Cycl opropyl -1 - 3-(6-4
nyl]-1, 4-di hydro[ 1,
conmpound was obtain
0.70 (m 2H), 0.89 (
1H), 3.82 (m 1H),
(s, 1H), 7.80 (t, 1H),
2H), 8.72 (m 1H), 8.86
(s, 111), 9.77 (br, NH).
N- Cycl opropyl -1- [3 - (6-metho
| -1,4-dihydro [ 1, 81 n aphthyr
carboxamde 25 OOH NN

[ d|n 3 yI)phenyI
di n-4-one-3 -

Following the procedure of Step 3 of Example 32, but substituting 3,5-

dibromopyridine for 3-bromo-5-methylsulfonylpyridine, the title compound was obtained as a

white solid.
IH NMR (DMSO-dg) 8 0.58 (m, 2H), 0.79 (m, 2H), 2.90 (m, 1H), 7 .65 (m, 1H),

7.71-7.77 (m, 2H), 8.03 (d, 1H), 8.14 (s, 1H), 8.49 (s, 1H), 8.74 (brs, 1H), 8.79 (brs, 1H), 8.86
(s, 1H), 9.01 (s, 1H), 9.73 (br, NH).
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carbcbxaﬁudd:y opr opyl 1- [3 (6 met hoxypyrl d| n- 3 yI)phenyI | -

N O'CH3 -87 WD 2004/048377 PCT/ US2003/ 036806 Step 1:
5- Brono- 2- net hoxyp rim To a sol ution of
wQ2BHaug3ronopyri di ne (6.95g, 29nmol) in N, N PCT/US2003/036806
di met hyl f ormam de (5m ) was added net hanol (3.56ml)
and 1M potassiumtert-butoxide 5 (32.3nml) and the
resulting mxture was stirred at roomtenperature for
18 hours. The resulting slurry was quenched with
sat urat ed. aqueous ammoni um chl ori de sol uti on and
partitioned between eth and water. The
crude product fromthe o%@?&gﬁ@% e was
chrorratographed on silica gel eluting vvlth al:9

ap thvndm 4-one-3-

4-di hydrof 1 8l napht hyridi n-4- one-3-carboxam de
Fol l owi ng the procedure of Step 3 of Exanple 32, but
substituting 5-brono-2Hxnethoxypyridine fromStep 1
for 3-brono-5- nethylsul onyjlpyri d\ne, the

N-cycl opropyl - N
met hoxypyr i di n- 3|y|) hen% ] - 144- di hydro[ 1, 8] napht hyrid
I n-4-one- 3-carbo ég ound was obtained as a
solid. 1H NWMR ( CDCI3) 0.7 (m 2H), 0.89 (m 2H)
3.00 (m 1H), 4.00 (s,.R8H, 6.85 (d, 1H), 7.44 (d,
1H, 7.50 (m 1H), 7. ' 7.68 (t, 1H), 7.73
(d, 1H), 7.83 (dd, 1H , 1H), 8.73 (m 1H),
8.85 (dd, 1H), 9.10 (s,”1H) .82 (br, NH). 20 -88 WD
2004/ 048377 PCT/ US2003/ 036806 :

Step 1: 2-Benzvloxy-5-bromopyridine

A mixture of 2,5-dibromopyridine, benzyl alcohol (1.3eq), potassium hydroxide
pellets (2.4eq) and dibenzo-18-crown-6 (0.05eq) in toluene (4ml/mmol) was refluxed with
azeotropic removal of water for 3 hours. After evaporation of the toluene, the resulting mixture
was partitioned between chloroform and water. The crude product from the organic phase was
recrystallized from ether-hexane to afford the 2-Benzyloxy-5-bromopyridine compound as a
solid.

Step 2: N-Cvclopropyl-1-[3-(6-benzyloxypvridin-3-y)phenyl]-1.4-dihydro[1 ,8]nanhthyridin—4— '
one-3-carboxamide

Following the procedure of Step 3 of Example 32, but substituting 2-benzyloxy-
5-bromopyridine from Step 1 for 3-bromo-5-methylsulfonylpyridine, the N-Cyclopropyl-1-[3-(6-
benzyloxypyridin-3-yl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide compound
was obtained as a white solid.

'"H NMR (DMSO-d) § 0.57 (m, 2H), 0.79 (m, 2H), 2.91 (m, 1H), 5.42 (s, 2H)
7.00 (d, 1H), 7.32-7.48 (m, 5H), 7.61-7.72 (m, 3H), 7.90 (d, 1H), 7.99 (s, 1H), 8.14 (d, 1H), 8.59
(s, 1H), 8.73-8.84 (m, 3H), 9.73 (br, NH).

-92-



N Cycl opropyl -1-13-(6-nethyly din-3-yl)phenyll-I
4-di hydrof | 8l napht hyri di n-4-one-3- carboxamde 5 OO
WOR0o04887N N CH3 Fol | owi ng the procedure of StREI/BSI03/036806
Exanpl e 32, but substituting 5-brono-2- net hyI pyr.i di ne
from Step 1 of Exanple 28 for
3- brono- 5-met hyl sul fonyl pyridine, the title 10 :
conmpound was obtained as a solid. 1H NWVR (CDC13) S
0.72 (m 2H), 0.90 (m 2H), 2.65 (s, 3H, 3.03 (m
1H), 7.28 (d, 1H), 7.45-7.53 (m 2H), 7.66 (s, 1H),
7.72 (t, 1H), 7.80 (d, 1H), 7.84 (dd, 1H), 8.73 (m
1H), 8.80 (s, 1H), 8.86EXAMMPLEN3 9.11 (s, 1H), 9.82
(br, NH). -89 WD 2004/048377 PCT/ US2003/ 036806
' EXAMPLE 40 N- Cycl opropyl -1 -
N-Cy3idpfopy2 otdicyclon 3

NG i rl.4-
5 d1hva?6[:1}¥8‘ﬂr\|8}1&[d}\\lzhgr§1}@ﬁgmé}%dx@h@dé one- 3-car boxam de 500

Step 1: 5-Bromo-2-dicyclopropyl(hydroxy)methylpyridine N-oxide
10 Following the procedure of Steps 1 and 2 of Example 30, but substituting

dicyclopropyl ketone for acetone in Step 1, the 5-Bromo-2-
dicyclopropyl(hydroxy)methylpyridine N-oxide compound was obtained as a solid.

Step 2: N-Cyclopropyl-1-{3-[6-dicyclopropyl( hydroxy)methyl-1-oxidopyridin-3-yliphenyl }-
15  1.4-dihydro[1,8naphthyridin-4-one-3-carboxamide
Following the procedure of Step 3 of Example 32, but substituting 5-bromo-2-

dicyclopropyl(hydroxy)methylpyridine N-oxide from Step 1 for 3-bromo-3-
methylsulfonylpyridine, the N—Cyclopropyl-l-{3-[6—dicyclopropyl(hydroxy)methyl-1-
oxidopyridin—S-yl]phenyl}-1,4-dihydro[1,8]naphthyridin-4—one—3-carboxamide compound was
20  obtained as a white solid.
' NMR (CDCls) § 0.52 (m, 4H), 0.70 (m, 4H), 0.76 (m, 2H), 0.89 (m, 2H), 1.35
(m, 2H), 3.02 (m, 1H), 7.52 (m, 1H), 7.58 (m, 1H), 7.62 (dd, 1H), 7.68 (s, 1H), 7.73-7.80 (m,
3H), 8.15 (br, 1H, OH), 8.49 (s, LH), 8.72 (m, 1H), 8.85 (dd, 1H), 9.09 (s, 1H), 9.78 (br, NH).
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Step 1: 5-Bronp-2-(2,2,2-trifluoroethoxy)R riyr_dine
Foll owi ng the procedure of Step 1 of Exanple 38, but
wG@mgig3at i ng 2,2,2- 10 trifluoroethanol for netchasmo3/036806
with heating at 70C for 18 hours, the
5-Bronp-2-(2,2,2- trifluoroethoxy)pyridine conmpound
was obtained as an oil. Step 2: N Cyclopropyl-I-{
3-[6-(2,2,2-trifluoroethoxy)pyridin-3-yllphen 1
di hydro[ 1, 81naphthyri di n-4-one- 3-carboxam de 15
Fol | owi ng the procedure f Exanple 32, but
substituting 5-brono-2- %Ximéd'g ~
(2,2,2-trifluoroethoxy)pyridine fromStep 1 for

N-C}clBBI%'EVI P ﬁ‘fs 'aua,lotge YOl DSt -okfiEp Nidin-2-y1Iphenyl }-1.4-

g -DGyP SRIOR&INASy r | di n- 3- yl | phenyl

} 1, 4- d| hydro[ 1, 8] napht hyr| di n- 4-one- 3-carboxam de
conmpound was obtained as a solid. 1H NWVR (CDC13) S
0.72 (m 2H), 0.90 (m 2Hp, 3P3 ( 1H), 4.85 (q,

2H), 7.00 20 (d, 1H), 7.43-7)53 ( 2H), 7.62 (s,
111), 7.69-7.78 (m . 1), 8.42 (s, 1H),
8.73 (m 1H), 8.8 (s, 1H), 9.80 (br,
NH) . -90 WD 2004/ 04 US2003/ 036806 EXAI\/PLE 41
N Cycl opropyl 1:f3 ( pyri di n- 3- x) nhenyl | -

4-di hydr of | 8l napht hyri dis4- on%-_s- car boxam de 500
H NNBr b-- N~ N

Step 1: 2-Bromo-5-(1-hydroxy-1-methylethyl)pyridine N-oxide

Following the procedure of Step 2 of Example 30, but substituting 2-bromo-5-(1-
hydroxy-1-methylethyl)pyridine from Step 1 of Example 34 for 5-bromo-2-(1-hydroxy-1-
methylethyl) pyridine, the 2-Bromo-5-(1-hydroxy-1-methylethyl)pyridine N-oxide compound
was obtained as a white solid.

Step 2: N—Cvcloprovvl—l -{3-I5-(1-hydroxy-1-methylethyl)-1-oxidopyridin-2-yllphenyl }-1.4-
dihvydro]1,8Inaphthyridin-4-one-3-carboxamide

Following the procedure of Step 3 of Example 32, but substituting 2-bromo-5-(1-
hydroxy-1-methylethyl)pyridine N-oxide from Step 1 for 3-bromo-5-methylsulfonylpyridine, the
N-Cyclopropyl-1-{3-[5-(1-hydroxy-1-methylethyl)-1-oxidopyridin-2-yl]phenyl}-1,4-

_dihydro[1,8]naphthyridin-4-one-3-carboxamide compound was obtained as a solid.

'H NMR (CDCls) & 0.69 (m, 2H), 0.88 (m, 2H), 1.63 (s, 6H), 2.20 (s, 1H, OH),
2.98 (m, 1H), 7.38-7.49 (m, 3H), 7.52 (d, 1H), 7.70 (t, 1H), 7.98-8.04 (m, 2H), 8.50 (s, 1H), 8.69
(m, 1H), 8.80 (dd, 1H), 9.08 (s, 1H), 9.75 (br, NH).
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Fol l owi ng the procedure of Step 3 of Exanple 32, but
substituting 3,5- dibronopyridine for
w@20mom375- net hyl sul fonyl pyridine, the title cPopPUSIN3/036806
was obtained as a 10 white solid. 1H NVR (DVBSO-d6) b
0.58 (m 2H), 0.79 (m 2H), 2.90 (m 1H), 7.65 (m
1H, 7.71-7.77 (m 2H), 8.03 (d, 1H), 8.14 (s, 1H)
8.49 (s, 114), 8.74 (brs, 1H), 8.79 (brs, 1H), 8.86
(s, 11-1), 9.01 (s, 11-1), 9.73 (br, NH). -91 WO
2004/ 048377 PCT/U82003/03@§8§ﬂ?§§@yPLE 42
N-Cycl opropyl -1 -[ 3-(6-benzy oxgﬁyr|din-3-y1)pheny||-1
4-di hydro[ 1 8l napht hyri di n-4-one-3- carboxam de 5
N-CeclbgibpyiN - R\B%Q-h%@nv—l-m&hagﬂman@ RBP4 ne A
dih e €1 5:_ | br onopyri di ne, benzyl  al conol
€ 10 pellets (2.4eq) and
di benzo- 18- cr own- 6 (0.05eq) in toluene (4nl/ mmol) was
refluxed with azeotropic renoval of water for 3
hours. After evaporation @f t@e toluene, the resulting
cﬁ@p

- mxture was partitioned rof orm and wat er.
The crude product fro gani'cC phase was’
recrystallized fro ether-H xangl to afford the
- 2- Benzyl oxy- 5- brono 'w conpound as a solid. 15
Step 2:

N- Cycl opropyl -1 -] 3-(6- b
4-di hydro[1 8l napht hyri

| oxypyri di n-3-yl)phenyl | -1

- one- 3-car boxamn de

HyC

Following the procedure of Step 3 of Example 32, but substituting 5-bromo-2-(1-
hydroxy-1-methylethyl) pyridine from Step 1 of Example 30 for 3-bromo-5-
methylsulfonylpyridine, the title compound was obtained as a solid. '

"H NMR (CDCls) 8 0.72 (m, 2H), 090 (m, 2H), 1.62 (s, 6H), 3.02 (m, 1H), 4.85
(s, 1H, OH), 7.48-7.53 (m, 3H), 7.68 (s, 1H), 7.73 (t, 1H), 7.80 (d, 1H), 7.95 (dd, 1H), 8.72 (m
1H), 8.81 (s, 1H), 8.86 (dd, 1H), 9.10 (s, 1H), 9.78 (br, NH).

el
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Fol l owi ng the procedure of Step 3 of Exanple 32, but
substituting 2-benzyl oxy- 5-bronopyridine fromStep 1
wo 200484837 DD- 5- net hyl sul f onyl pyri di ne, the PCT/US2003/036806
N- Cycl opropyl -1-[3-(6- 20
benzyl oxypyri di n-3-yl ) phenyl ] -1, 4-di hydr o[ 1, 8] napht hyr
i di n-4-one- 3-carboxam de conpound was obtained as a
white solid. 1H NWMR (DVM5O-d6) S 0.57 (m 2H), 0.79 (m
2H), 2.912 (m 1H), 5.42 (s, 2H) 7.00 (d, 1H),
7.32-7.48 (m S5H), 7.61-7XAMPuEa6). 7.90 (d, 1H),
7.99 (s, 1H, 8.14 (d, 1H, 8.59 (s, 1H), 8.73-8.84
(m 3H), 9.73 (br, NH). -92 WO 2004/ 048377
N-Isemmuszeaex(mw@@y-@iétn«meﬁwfb%vﬁh@d wwmyﬂ} 1.4-
d Y et hyl -1 - oxi dopyr di n- 3-y
apht hyri
di n- 4- one- 3 carboxamde OOH NN/ .1 11?2 Step
1: 5-Brono-2-dicycl opropyl (hydrox )y nethYlpyridi ne
N- oxi de 10 Fol l owi ng the (proc@dure of Steps 1 and 2 of
Exanpl e 30, but substjtutjing ]|di cycl opéf_)‘pyl ket one for
acetone in Step 1, 5- B =RF
di cycl opropyl (hydr y)/ thyl pyerl neCN-OX| de conpound
was obtai ned as.a soOINT.
Cycl opropyl -1-{3-[6-di cyc opropyl (hydr.oxy) net hyl -1 - oxi
dopyri di n- 3-yl | phenyl | - 2 di hydro[ 1
8l napht hyri di n- 4- one- 3- pxam de Fol | ow ng the
procedure of Step 3 of Bxar but substituting
5-brono-2- dicycl opropyl (hydr pt r@hpyrl di ne
N-oxide from Step 1 for 3-bron

Following the procedure of Step 5 of Example 1, but substituting 3-
aminophenylboronic acid for 3-acetyl phenylboronic acid and 5-bromo-2-(1-hydroxy-1-
methylethyl)pyridine from Step 1 of Example 30 for N-isopropyl-1-(3-bromophenyl)-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide, the 5-(3-Aminophenyl)- 2-(1-hydroxy-1-
methylethyl) pyridine compound was obtained as a solid.

Step 2: _1-{3-[6-(1-Hydroxy-1-methylethylpyridin-3-yllphenyl }-1 4-dihydro[1.8Inaphthvridin-

4-one-3-carboxvlic acid

Following the procedures of Steps 1-3 of Example 1, but substituting 5-(3-

aminophenyl)- 2-(1-hydroxy-1-methylethyl)pyridine for 3-bromoaniline from Step 1 in the First
Step, the 1-{ 3-[6-(1-Hydroxy-1-methylethyl)pyridin-3-yl]phenyl }-1,4-dihydro[ 1,8 Jnaphthyridin-

4-one-3-carboxylic acid compound was obtained as a solid.

Step 3: N-Isobutyl-1-{3-[6-(1-hydroxy-1-methylethyDpyridin-3-yllphenyl }-1.4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide

Following the procedure of Step 4 of Example 1, but substituting the acid from

Step 2 for 1-(3-bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylic acid, and
- -96-



met hyl sul f onyl pyri di ne, the N Cycl opropyl -1-{
3-[6-di cycl opropyl (hydr oxy) net hyl -
w@xoodogsari di n- 3-yl ] phenyl PCT/US2003/036806

}-1, 4-di hydro[ 1, 8] napht hyri di n- 4- one- 3- car boxam de

compound was 20 obtained as a white solid. 1H NWR

(CDC13) b 0.52 (m 4H), 0.70 (m 4H), 0.76 (m 2H),

0.89 (m 2H), 1.35 (m 2H), 3.02 (m 1H), 7.52 (m

1H), 7.58 (m 1H), 7.62 (dd, 1H), 7.68 (s, 1H),

1sobugy131§1ng fgloiségﬁ)p}g%ﬁine &el@l&)@ﬁtyl 11'{’3 [@-‘Ol»hlyar(ﬁ(%/ l(ﬁaethgy@thyl)pyndm-?’-

yllphml 1“9 hygsoblBlarpy n#@@ﬁ@sﬁ@bew@éee@nm@&w@wed as a
crean?\lg@){,fdﬁcg@[lapyl 1-{ 3-f 5-(1- hydroxly_- I .

-ne - OXI | - e = -

di hydr gl #?55#83@ )-’gllggg(?b@ﬁ)arﬁ'%%(n%’ 153 £6 ¢ 2H),

4.66 (s, HI, OH)\ 160 Nﬁ IH}W 6B 1EH37.76 TP (m, 2H), 7.95 (d, 1H), 8.05 (s, 1H), 8.16

o RIS e BOR A, TN GEPY SR g 88 oK

substituting 2-brono-5-(1- 10

hydr oxy- 1| - met hyl et hyl ) pygixinipr Erqgm Step 1 of Exanpl e

34 for 5-brono-2-(1-hydroxy-I- nethylethyl) pyridine,

t he 2-Brono-5-(1-hydroxy-I|-nethylethyl)pyridine
N-Cyb&dmﬁe-lc{@nmomd% mstlgb@av-n@@btlaﬁetaymrﬁc&nsoupﬁen@mm-

l.oprop {3f5 1-h
Yoht
= pyri di n-2-yl | phen

O j
N
H

| y}- 1a‘ 4-

X
Z
N
Br ' X
_ CHj
N
HO CHs

Step 1: 1-(3,5-Dibromophenyl)-1.4-dihydro[1.8Inaphthyridin-4-one-3-carboxylic acid
Following the procedures of Steps 1-3 of Example 1, but substituting 3,5-

dibromoaniline for 3-bromoaniline in Step 1, the 1-(3,5-Dibromophenyl)-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxylic acid compound was obtained as a beige solid.

Step 2: N-Cyclopropyl-1-(3,5-dibromophenyl)-1.4-dihvdro[1.8]naphthyridin-4-one-3-

carboxamide

Following the procedure of Step 4 of Example 1, but substituting the 1-(3,5-
Dibromophenyl)-1,4-dihydro[1,8naphthyridin-4-one-3-carboxylic acid from Step 1 for 1-(3-
bromophenyl)-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxylic acid, and cyclopropylamine for
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30

15 di hydrof 1, 8l napht hyri di n-4-one- 3-car boxam de
Foll ow ng the procedure of Step 3 of Exanple 32, but
WG mgig3at i ng 2- br ono- 5- (1- PCT/US2003/036806
~hydr oxy-1-nmet hyl et hyl ) pyri di ne N-oxide from Step 1 for
3- br ono- 5- nethylsulfonylpyrldlne t he
N- Cycl opr opyl - '
3-[5-(1- hydroxy I-nethylethyl) 1- OX|dopyr|d|n 2-yl ] phe
nyl } 1, 4-

o AL S L3S 185 09050 Rg 5D R0 AR ARt onc
-carEH)a,lmde e@nponnd2y)s oblainRl s soBH) , 2.20 (s, 1H OH),
2.98 (m 1H), 7.38-7.49 (m 3H) 7.52 (d, 1H), 7.70

7.98-8. 04 1 8. 69
Stevgl-h?(lg?l etg G H%br, NH) . (En94

VO 2004&94&% Zné?&%ré%’rb%ﬁﬁ&ﬁne ﬁXAl\éBh&(ihﬂ/nnnol) at -78°C, was

I OX | et h

adde p%} lgt%;qq? éﬁ% ml]aexaac?s.{gaq])éxpd the regul ing rmlexre was. st)rged in the cold for

2.5 hduS1 maﬂ@hhﬂelqbi wns dd@ﬂearﬁi—thanbmtxxmwabewﬁmﬁd t®O-BD°CG-hnd\beshme a

browgfgl#gl PR gﬁtg_% dnglrl? -—{7| < g%g)(%%ﬁ-%% lﬁtﬂgﬁtﬁﬁ) @ag Edded along wifh
etherH{uit/oxyol L - Avfsetsrirangin the peldifal niurthenhous: ibutylisr chisideld eq) was
adde§ anf 2k néxﬁfr@% @aﬂxgedﬁ%trﬁ&lnst%?é}ﬁﬁ(ﬁ@éﬂd GirRR8 fol DRoulr.t TRe mixture

mpound_was obtained as a So
was @epghe@m/lt};zﬁ)tura@g @qysaus apgmonjurg shiogide ngbltlorgargﬂzpa(rgwor@pbbetween

ethyl4c&hte and water. The crude product from the organic phase was chromatographed on

silica gel eluting with a 1:9 mixture of ethyl acetate and hexane to afford the 2-(1-Hydroxy-1-
methylethyl)-5-tributylstannylpyridine compound as a colorless liquid.

Step 4: N-Cyclopropyl-1-{5-bromo-3-[6-(1-hvdroxy-1-methvlethyDpyridin-3-yllphenyl }-1.4-
dihvdro[1,8naphthyridin-4-one-3-carboxamide

A mixture of N-cyclopropyl-1-(3,5-dibromophenyl)-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide from Step 2, 2-(1-hydroxy-1-methylethyl)-5-
tributylstannylpyridine from Step 3 (1.4eq), 1,1°-bis
(diphenylphosphino)ferrocene]dichloropalladium(I) (0.05eq), and cuprous 1od1de (0.05eq) in
N,N-dimethylformamide (15ml/mmol) was stirred at 85°C for 5 hours. After cooling the
resulting mixture was partitioned between ethyl acetate and water. The crude product from the
organic phase was chromatographed on silica gel eluting with a 1:6:3 mixture of ethanol, ethyl
acetate and methylene chloride to afford the N-Cyclopropyl-1-{5-bromo-3-[6-(1-hydroxy-1-
methylethyl)pyridin-3-yl]phenyl }-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide compound
as a solid.

'H NMR (CDCl5) § 0.72 (m, 2H), 0.90 (m, 2H), 1.62 (s, 6H), 3.02 (m, 1H), 4.76
(s, 1H, OH), 7.50-7.56 (m, 2H), 7.62 (s, 1H), 7.69 (s, 1H), 7.90-7.96 (m, 2H), 8.74 (m, 1H), 8.79
(s, 1H), 8.86 (dd, 1H), 9.07 (s, 1H), 9.74 (br, NH).
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(s, 1H, OH), 7.48-7.53 (m 3H), 7.68 (s, 1H), 7.73 (t,
1H), 7.80 (d, 1H), 7.95 (dd, 1H), 8.72 (m 111), 8.81
W@ 20040488y7 8.86 (dd, 111), 9.10 (s, 1H), 9.78 Par/USIBE/036806

-95 WD 2004/ 048377 PCT/ US2003/ 036806 EXAVPLE 46

N- I sobut vl -1-{3-f6-(1-hvdroxy-I-nmethylethyl)p

ridin-3-yll phen 11-14- di hydrof

|, 8l napht hyri di n- 4- one-3-carboxamde 5 ONCH3 NNH

CH3 OH NH3C CH3 Step 1: 5-(3-Am nophenyl) -

2- (1- hvdroxy-| - net hyl et hyl ridine Follow ng the

procedure of Step 5 of Eﬂ@%@§é41§4%ut substituting 3

10 am nophenyl boroni ¢ acid for 3-acetyl phenyl boronic

acid and 5-bronp-2-(1-hydroxy-l- nethyle hyllpyridirie
N-Cydleprpryl 1- -&-togihylgthypyridin-2-ylIphenyl -1,4-

~ dihydol BoResRN ridin oL PoRBEERYidY - 1, 4- di hydr o[

1, 8] napht hyri di n-4-one- 3-carboxani de, the

5- (3- Ami nophenyl ) - 2-(1-hydroxy-I|- nmethyl ethyl)
pyri di ne conpound was obkﬁine as a solid. 15 Step 2:
1-{3-f6-(1-Hydroxy-1-net
henyl | -1 4-di hydr of |
4- one- 3- car boxylic ow t he procedures of
Steps 1-3 of Exanplle LA but’ subStituting 5-(3-

am nophenyl )- 2-(1- h)dr oX¥Y-1 - net hyl et hyl ) pyri di ne for.
3-bronpaniline fromStep L in the First Step, the 1-{
3-[6-(1-Hydroxy-I-nethy I)pyrHanug-yl]phenyl

}-1, 4- di hydr o[ 1, 8] napht i Hs

Step 1: 2-(1-Hydroxy-1-methylethyl)-6-tributylstannylpyridine
Following the procedure of Step 3 of Example 47, but substjtuting 2,6-

dibromopyridine for 2,5-dibromopyridine, the 2-(1-Hydroxy-1-methylethyl)-6-
tributylstannylpyridine compound was obtained. ’

Step 2: N-Cyclopropyl-1-{3-[6-(1-hydroxy-1-methylethyDpyridin-2-yllphenyl }-1.4-
dihvdro[1.81naphthyridin-4-one-3-carboxamide
Following the procedure of Step 4 of Example 47, but substituting 2-(1-hydroxy-

1-methylethyl)-6 tributylstannyl pyridine from Step 1 for 2-(1-hydroxy-1-methylethyl)-5-
tributylstannylpyridine, the N-Cyclopropyl-1-{3-[6-(1-hydroxy-1-methylethyl)pyridin-2-
yl]phenyl }-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide compound was obtained as a
solid.

'H NMR (CDCl3) § 0.72 (m, 2H), 0.90 (m, 2H), 1.61 (s, 6H), 3.04 (m, 1H), 5.13
(s, 1H, OH), 7.40 (d, 1H), 7.46-7.53 (m, 2H), 7.70-7.76 (m, 2H), 7.85 (t, 1H), 8.13 (s, 1H), 8.22
(d, 1H), 8.73 (m, 1H), 8.87 (d, 1H), 9,12 (s, 1H), 9.83 (br, NH).
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15

20 4-one-3-carboxylic acid conpound was obtai ned as a

solid. Step 3: N Isobutvl-I|-{3-f6-(l-hvdroxy-I-neth
wavedaoh/ohsze) yridin-3-yll phen |y 1-14- di hydrof PCT/US2003/036806

| ,.81napht hyri di n- 4- one- 3- car boxam de Fol | owi ng the

procedure of Step 4 of Exanple 1, but substituting the

acid from 25 Step 2 for

1- (3-bromophenyl ) -1, 4-di hydro[ 1, 8]naphthyr|d|n 4-one- 3

-carboxylic acid, and -96 WO 2004/ 048377

PCT/ US2003/ 036806 isobut§yan1ne for isopropyl am ne,

t he LE 49

N—Isobutyl 1- {3 [ 6- (1 hydroxy I-nEtherthyI)pyrldln 3-

N—Isoyg‘gél Dy d-[ 3 (d-meth L1 5 _- 'i b iyl c1.1%an20ne 3-

carbog®hidd. 1H NI\/R (Acetone d6) S O 98 (d, 6H) 1.53 (s,
~ 6H), 1.88 (m 1H), 3.26 (t, 2H), 5 4.66 (s, 1H OH),
7.60 (m 1H), 7.69 (d, 1H), 7.76-7. 79 (m 2H), 7.95
(d, 1H), 8.05 (s, 1H), Cfd 8 73 (m 1H),
8.79 (dd, 1H), 8.90 (s, IH), i 9.83 (br.
NH) . EXAMPLE 47 10 bronn 3-f6-(1-h
droxy-1|-nmethyl eth -3- fyl J-1, 4-

di hydr of 1, 8l naphttyr4 - one- 3 car boxanide O O N H
NNBr bri CH thbAlSStepl.

1- (3, 5- D bronmophenyl) - i hydr of
1,8Inaphthyridin-4-one @r boxylic acid

To a mixture of N-isopropyl-1-[3-(4-methylthiophenyl)phenyl]-1,4-
dihydro[1,8naphthyridin-4-one-3-carboxamide from Example 22 in tetrahydrofuran
(24ml/mmol), methanol (12ml/mmol), and water (12ml/mmol), was added oxone (2.24eq) and
the resulting mixture was stirred at room temperature for 2 hours. The mixture was quenched
with saturated aqueous sodium bicarbonate and partitioned between ethyl acetate and water.
The crude product from the organic phase was chromatographed on silica gel eluting with 30%
ether in methylene chloride to afford the title compound as a white solid.

"H NMR (Acetone-ds) 8 1.25 (d, 6H), 3.16 (s, 3H), 4.18 (m, 1H), 7.60 (m, 1H),
7.74 (d, 1H), 7.79 (t, 1H), 7.99 (d, 1H), 8.05 (s, 4H), 8.09 (s, 1H), 8.72 (m, 1H), 8.78 (dd, 1H),
8.93 (s, 1H), 9.64 (br, NH).
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Fol | owi ng the procedures of Steps 1-3 of Exanple 1,

but substituting 3,5- dibronoaniline for
wQ2momsani line in Step 1, the PCT/US2003/036806
1- (3, 5- D br onophenyl ) -1, 4-

di hydro[ 1, 8]naphthyr|d|n 4- one- 3- carboxylic acid
conpound was obtained as a beige solid. 20 Step 2: N-C
cl opropyl -1-(3, 5-di bronmophenyl ) -1, 4-di hydr oF

1, 81 napht hyri di n- 4- one- 3- car boxam de Fol |l ow ng the
procedure of Step 4 of Exanple 1, but substituting the
1-(3,5- Dibronophenyl)- EXAMPLE 50

1, 4- dlhydro[l 8] napht hyri di n- 4- one- 3-car boxylic acid
frlom Ste 1 1- (3 brom)phenl I) _

B amhlhmdm 4-one-

3. caﬂj’dﬁaﬁﬁﬂa opr opyl am ne for -97 WO 2004/ 048377
PCT/ US2003/ 036806 - i sopropyl am ne, the
N- Cycl opr opyl -1-(3, 5-di bronmophenyl ) - 1, 4- di hydro[ 1, 8] na
pht hyri di n-4- one- 3-carboxam de conpound was obt ai ned
as a solid. Step 3. 2-(1- y-1-ANeth
lyethyl)-5-tribut Is u To a suspension
of 2, 5-di bronopyri df | uefe (5ni/mmol) at - 78C,
was added n-butyl I4theum 2¢5M i hexanes (1 eq) and
the resulting mxturdN'wasNstirred in the cold for 2.5
hours. Acetone (leq) was added, and the nixture was
brown solution. After
-butyllithium (leq) was
added along with ether yONN After stirring in
the cold for a further hour, tlrlb yl®|n chl ori de
(1.1eq) was 10 added and the mM#ire mas warnmed to
room tenperature and stirred. for 2510u®lsla The mi xture
was quenched with saturated aqueous ammoni um chl ori de
solution and partitioned between ethyl acetate and
wat er. The crude product fromthe organi c phase was

StepCiRT ERSASNARBBNHIABpyRIihd Ca gel eluting with a 1:9
m xture of _ethyl _ac ate and, hex ne totgfford t he

2 ( 1- Hydy BIRYUSE Of Zer SPFRPRYFing H0A P Bromeasigh lcieakin NN-

dim@hyipsachi &s(2an1aomol) ves suhedmu IdomJIEmﬁéxa@lrélfor 20 minutes then cooled to

0°C. é% ?tﬁéq[%p\%l)lt}é?%é l\xsagesx; ?i?ecﬁ)rﬁmg%} wrglﬁ é‘%ﬁefi 19 af)ford the 5-Bromo-2-

methylthiopyridine compound as a solid.

cooling down to -78C

Step 2: N-Cyclopropyl-1-[3-(6-methylthiopyridin-3-yl)phenyl]-1.4-dihvdro[1.8naphthyridin-4-

one-3-carboxamide

Following the procedure of Step 3 of Example 32, but substituting 5-bromo-2-
methylthiopyridine from Step 1 for 3-bromo-5-methylsulfonylpyridine, the N-Cyclopropyl-1-[3-
(6-methylthiopyridin-3-yl)phenyl]-1,4-dihydro[ 1,8 Inaphthyridin-4-one-3-carboxamide

compound was obtained as a solid.

Step 3: N-Cyclopropyl-1-[3-(6-methvylsulfonylpyridin-3-yl)phenyl]-1.4-
dihydro[1,8naphthyridin-4-one-3-carboxamide

Following the procedure of Example 49, but substituting N—cyclopropyl 1-[3-(6-
methylthiopyridin-3-yl)phenyl]-1,4-dihydro[ 1,8 naphthyridin-4-one-3-carboxamide from Step 2
for N-isopropyl-1-[3-(4-methylthiophenyl)phenyl]-1,4-dihydro[ 1,8 naphthyridin-4-one-3-
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di hydrof 1, 8l napht hyri di n-4-one- 3-car boxam de A
m xture of N-cycl opropyl-1-(3,5-di bronophenyl)-1, 4-
walRtwaussfl, 8] napht hyri di n- 4- one- 3- car boxam de PCDISHIEMB6806
2, 2-(1-hydroxy-I-nethylethyl)-5- 20
tributyl stannyl pyridine fromStep 3 (1.4eq), 1,1 -bis
(di phenyl phosphi no) f errocene] di chl oropal | adi un(11)
(0.05eq), and cuprous iodide (0.05eq) in
N, N- di net hyl f ormam de (15m /nmol) was stirred at 85C
for 5 hours. After cooling the resulting mxture was

carbogamide; ﬂ@d‘é&?ys@pmhléﬁf{wm%éﬂaf@ymgd -gbphep-let-ude
dlhyd%@omﬁ& hftﬁmﬁ ﬂﬁ)ne-@r%ﬁﬁﬁnﬁa@%ﬁn d Gk @Rt RAraRReHEd.oN

p/t@%
| ut f et
ot hyl - 25 MR b CEAS o Gy PR ahr 235 28 G ABDeP 26,6 310, 7.48
(m, 1) Y5 aprepy? .61 18,7 08816 213, mydsqxxmlaﬂ) 8.68 (m, 1H), 8.81

1, 4-di hydro[ 1, 8 ht
aa, Tk Mottt B0 Gl GRS bound a8 colid
NVR (CDC13) 8 0.72 (m 2H), 0.90 (m 2H), 1.62 (s,
6H), 3.02 1H), 4.76 , 7.50-7.56
2E)|), 7.62 E;n 1E)|), 7. 69 P@WS%O-Z% (m 2I(—I)m
8.74 (m 1H), 8.79 30 (s, 1H), 8.86 (dd, 1H), 9.07
N-IsdpBopyt3-@- ﬁ&h&l‘@ﬁlforh%vmﬁ%—v%&%@ﬁi 9483/070[1.81naphthyridin-4-one-3-

PCT7USZ20037 036806 EXAVMPLE 48 N Cycl oprop
carboxamides_ 16- ( 1- h
day- I-nethylethyl)pyrldln 2-yl | phenyl 1- 1 4- di hydro 11
~, 8l napht hyri di n-4-one- 3- car boxani de 5 O OH NN HO
CH3

O O CHg
X N CH
I | H °
S
N N
Q M
- 5=0 .
»w
N

Following the procedure of Example 49, but substituting N-isopropyl-1-[3-(5-
methylthiopyridin-3-yl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from
Example 15 for N-isopropyl-1-[3-(4-methylthiophenyl)phenyl]-1,4-dihydro[1,8 jnaphthyridin-4-
one-3-carboxamide, the title compound was obtained as a solid.

'H NMR (CDCls) § 1.33 (d, 6H), 3.20 (s, 3H), 4.31 (m, 1H), 7.52 (m, 1H), 7.60
(d, 1H), 7.73 (s, 1H), 7.79 (t, 1H), 7.86 (d, 1H), 8.48 (m, 1H), 8.73 (m, 1H), 8.88 (d, 1H), 9.08
(s, 1H), 9.19 (d, 2H), 9.68 (br, NH).

-102 -



10

15

NNZ CH3 Step 1: 2- 1-Hydroxy-Il-neth

| yethyl)-6-tributyl stannylp riYidine Follow ng the
w@e@amasire of Step 3 of Exanple 47, but substiPCr/Usm03/036806

2,6- 10 di bronopyridine for 2,5-di bronopyridine, the

2-(1- Hydroxy-I-nmethyl ethyl)-6- tributylstannyl pyridine

conmpound was obtai ned. Step 2: ’

N- Cycl opropyl -1-{3-(6-(1-h dy roxy-l-meth |y

et hyl ) pyridin-2-yl | phenyl 1-1,4- dihydro | 1, 81

napht hyri di n- 4-one-3 -carboxam de 15 Fol | owi ng the

procedure of Step 4 of BEXEMMELEA2 put substituting

2- (1- hydroxy- 1-nethylethyl)-6 tributyl stannyl

N-Chl b mom i i S Rechylibenyiohenyl1-1.4-dihydrol 1.8 Tnaphthyridin-d-one-3-
carbbXdniigé yl st annyl pyri di ne, the N Cycl opropyl-1I-{
3-[6-(1-hydroxy- | -nethyl et hyl) pyri di n- 2-
yl ] phenyl } -1, 4-di hydr o[ 1, 8] napht hyri di n- 4- one- 3- car box
am de conpound was Obtaiqsd asya solid. 20 1H NWR
(CDC13) S 0.72 (m 2H), O0R90 (M 2K\, 1.61 (s, 6H)
3.04 (m 1H), 5.13 . (d, 1H),
7.46-7.53 (m 2H), [f.70(7.7 (m}im, 7.85 (t, 1H),
8.13 (s, 1H), 8.22 {(dg ; 8. (m 1H), 8.87 (d,
1H), 9,12 (s, 1H), 9.3 (Nr, NH). -99 WO 2004/ 048377
PCT/ US2003/ 036806 EXAMPLE 49 N-1sopropyl -
| -[3-(4-net hyl sul f onyl p)phenyl | -1 4-di hydro[ 1
8l napht hyri di n- 4- one- 3- hoxapjde 5 0 O CH3 N CH3
H

Following the procedure of Example 49, but substituting N-cyclopropyl-1-[3-(4-
ethylthiophenyl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from Example 18 4
for N-isopropyl-1-[3-(4-methylthiophenyl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-

" carboxamide, the title compound was obtained as a solid. \

'"H NMR (CDCl3) § 0.72 (m, 2H), 0.90 (m, 2H), 1.35 (t, 3H), 3.02 (m, 1H), 3.18
(q, 2H), 7.48-7.56 (m, 2H), 7.70 (s, 1H), 7.75 (t, 1H), 7.84 (m, 3H), 8.03 (d, 2H), 8.73 (m, 1H),
8.85 (dd, 1H), 9.10 (s, 1H), 9.80 (br, NH).
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NNSCH O OTo a mxture of
N-i sopropyl -1 -[3-(4-nmethylthi ophenyl) phenyl]-1, 4-
wal2dogaassfd, 8] napht hyri di n- 4- one- 3- car boxam de PEDIB2003/036806
Exanple 22 in tetrahydrofuran 10 (24ml/ mol ), nethano
(12m/ mol ), and water (12ml/mmol), was added oxone
(2.24eq) and the resulting m xture was stirred at
- roomtenperature for 2 hours. The mi'xture was quenched -
wi t h 'sat urat ed -agueous sodi um bi car bonat e ‘and
partitioned between ethyl__ace and water. The
crude product fromthe o#BQ%W@ﬁ%H%%e was
chromat ogr aphed on silica gel eIutlng with 30% ether

carbdg{ ,H) ' 4.18 (mlH) 5 60(m 11, 7.74 (d,
1H), 7.79 (t, 1H), 7.99 (d, 1H), 8.05 (s, 4H), 8.09
(s, 1H), 8.72 (m 1H), 8.78 (dd, 1H), 8.93 (s, 1H),
20

9.64 (br, NH). - 100 /048377 PCT/ US2003/ 036806

EXAMPLE 50 N-C cyl oprop
| sul fonyl pyridin-3

hydr o[ 1, 81napht hyr
i di n-4-one- 3-car Hoxa 'de|5 (@) N H

N NN/ CH3

To a solution of N-cyclopropyl-1-[3-(4-ethylthiophenyl)phenyl]-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide from Example 18, in a 1:1 mixture of methylene
chloride and methanol (9ml/mmol), was added at 0°C magnesium monoperoxyphthalate
hexahydrate (MMPP, 0.5molareq) and the resulting mixture was stirred in the cold for 2 hours.
The mixture was quenched with saturated aqueous sodium bicarbonate and partitioned between
methylene chloride and water. The crude product from the organic phase was chromatographed
on silica gel eluting with a 90:9:1 mixture of methylene chloride, ethanol and 28% aqueous
ammonium hydroxide to afford the title compound as a solid. :

'H NMR (CDCls) & 0.68 (m, 2H), 0.85 (i, 2H), 1.15 (m, 3H), 2.80 (m, 1H), 2.94
(m, 1H), 2.98 (m, 1H), 7.45-7.50 (m, 2H), 7.65-7.73 (m, 4H), 7.76-7.82 (m, 3H), 8.71 (m, 1H),
8.83 (dd, 1H), 9.06 (s, 1H), 9.78 (br, NH).
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Step 1: 5-Brono-2-neth,, lythiop_ '"dine A m xture of
2, 5-di bronopyri di ne and sodi um t hi onet hoxi de (1. 3eq)
WO 0003720 di et hyl f or mam de (2m | nmol ) was sSPCT/DBI03036806
roomtenperature for 20 m nutes then cooled to O0C
After diluting with cold water the precipitate was
filtered to afford the 5-Bronp-2- nethylthiopyridine
conmpound as a solid. Step 2:
N-Cycl opropyl -1-[3-(6-neth
'l thiopyridin-3-yl) phenyl | -1, 4-di hydro[ 1, 81napht hyri di
n-4- 15 one- 3- car boxani dEXAMPERI Mg t he procedure of
Step 3 of Exanple 32, but substituting 5-brono-2-
msthylthl op ridine from Ste :
N-Isen BRI QXA DI YD 1
carbdkaieb opr opy! - | - [ 3- |
-met hyl t hi opyri di n-3-yl ) phenyl ]-1, 4-di hydr o[
1, 8] napht hyri di n- 4- one- 3- car boxam de conpound was
obtained as a solid. 20 Step 3 .
N-Cycl opropyl - 1-[ 3- (6- net ~ylﬁ$di n- 3-yl ) phen, |
di hydro [.-1, S| napht ne éﬁr boxam de :
amt e 4973but
- [ 3-(6-

4-dihvdro[1.81naphthyridin-4-one-3-

Fol  owi ng the proc
substituting N-cycllgpr
msthylthl opyrldln 3- W) phk

I\I-isopropyl-l-[3-(4-net
ro[ 1, 8] napht hyri di n-4-o0
PCT/ US2003/ 036806 car boxaf
N- Cycl opropyl -1 -] 3-(6- rrethyls
[1-1,4- dihydro[1, 8] napht hyri dire=4-o€- 3- car boxani de
conmpound was obtained as a solid. I—bHNR (CDC13) 6
0.66 (m 2H), 0.84 (m 2H), 2.97 ( 3.26 (s,
3H), 7.48 (m 1H), 7.55 (d, 1H), 7.67 (s, 1H),
7.74-7.80 (m 2H), 8.14-8.19 (m 2H), 8.68 (m 1H),

8 81 SE&ﬁWBE‘%ﬁ o? Nglso r%pyl-mio’ (AP acetyl;ghenyg)'ﬁplény?_l 14? (br,

dihydro[l 8]naphthyridin-4-one-3-carboxamide from Example 4 in pyridine (11mi/mmol) at

iophenyl)phenyl]-1,4-dihyd
- 101 WO 2004/048377

OH
/| pyml di n- 3-yl ) pheny

room temperature was added hydroxylamine hydrochloride (2.1eq) and the resulting mixture
was stirred for 16 hours. The mixture was filtered through celite and the filtrate evaporated. The
residue was dissolved in ethyl acetate, washed with saturated aqueous sodium carbonate and
then water, dried and evaporated. The residue was stirred in a small volume of acetone and
filtered to afford the title compound as a solid.

"H NMR (CDCls) § 1.29 (d, 6H), 2.27 (s, 3H), 4.30 (m, 1H), 7.39 (d, 1H), 7.46
(m, 1H), 7.56 (d, 2H), 7.59-7.63 (m, 2H), 7.66 (d, 2H), 7.72 (d, 1H), 8.17 (s, 1H, OH), 8.69 (brs,
1H), 8.82 (d, 1H), 9.10 (s, 1H), 9.71 (br, NH).
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N- I sopropyl -1 -13-(5-net hyl sul fonyl | pyri di n- 3-
ri)phenyl | -1 4-di hydroll 8l naphthyridin-4-one-3- 10
wearboxsni de 0 0 CH3 N)", CH3 H N N O CH3 bp@r/uZr0837136806
N Follow ng the procedure of Exanple 49, but
substituting N-isopropyl-1-[3-(5- 15
met hyl t hi opyri di n-3-yl)phenyl]-1, 4-di hydro[ 1, 8]naphthy
ridi n-4-one-3-carboxam de from Exanple 15 for
N-isopropyl -1 -[3-(4-nethylthi ophenyl)phenyl]-1, 4-di hyd
ro[ 1, 8] napht hyri di n-4- one- 3-carboxam de, the title
conpound was obt ai ned as EXAMHLE 551H NUR (CDC13) b
1.33 (d 6H), 3.20 (s, 3H), 4.31 (m 1H), 7.52 (m
1FD 7. 33 (s1 1FD : 1

Carngggﬁdezo (5. 11 9.10 (d. 2. 9.68 (br. Ny - 102
" WD 2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 52

N- Cycl opropyl -1 -f3-(4-eth
| sul f onyl phenyl ) phenyl -1
8l napht hyri di n- 4- one- 3-

droé '
amyde35s OON H
N CH
b 3

To a solution of N-isopropyl-1-{3-[ 4-(4-tertbutyloxycarbonylpiperazin-1-
yDphenyl]-phenyl}-1,4-dihydro[1,8naphthyridin-4-one-3-carboxamide from Example 11 in
methylene chloride (10ml/mmol) was added trifluororacetic acid (6ml/mmol) and the resulting
mixture was stirred at room temperature for 2 hours, then warmed gently for 15 minutes. The
mixture was evaporated and the crude product was chromatographed on silica gel eluting with a
9:0.9:0.1 mixture of methylene chloride, methanol and 28% aqueous ammonium hydroxide to
afford the title compound as a solid.

"H NMR (CDCls) & 1.29 (d, 6H), 2.99 (m, 4H), 3.16 (m, 4H), 4.25 (m, 1H), 6.94
(d, 2H), 7.29 (d, 1H), 7.42 (m, 1H), 7.50 (d, 2H), 7.52-7.58 (m, 2H), 7.69 (d, 1H), 8.66 (m, 1H),
8.78 (dd, 1H), 9.04 (s, 1H), 9.69 (br, NH).
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N NOSL CH3 Follow ng the procedure of Exanple 49,
but substituting N-cyclopropyl-I-[3-(4
weetinlosdsrophenyl ) phenyl ] -1, 4- di hydr o[ 1, 8] napht PgT/U82003/836806
- one- 3- car boxani de from Exanple 18 10 for
N-i sopropyl -1 -[ 3-(4-net hyl t hi ophenyl ) phenyl] -1, 4-di hyd
ro[ 1, 8] napht hyri di n- 4- one- 3- carboxam de, the t|t| e
conmpound was obtained as a solid. 1H NVR (CDC13) b
0.72 (m 2H), 0.90 (m ZFD 1.35 (t, 3H), 3.02 (m
1H), 3.18 (q, 2H), 7.48-7.56 (m 2H), 7.70 (s, 1H)
7.75 (t, 1H), 7.84 (m 3 iﬁj 2H), 8.73 (m
1H), 8.85 (dd, 1H), 9.10 s, 9.80 (br, NH) 15

- 103 V\D 2004/ 048377 PCT/ U82003/ 036806 EXAMPLE
Ch Apgthylphenylyphgnyll-1.4-dihydro(1, 8]naphthvr1d1n 4-

One_gJ@r@éM@ﬂﬁnyl I -1, 4 d| hydrof 1, 81napht hyri di n- 4- one- 3-

carboxamde 5 OON H NNCH3 O To a solution of
N-cycl opropyl - 1'-[ 3- (4- et hyl t hi ophenyl ) phenyl ] -1, 4-

di hydro[ 1, 8] napht hyri di n-4- one- 3- car boxam de from

Exanple 18, in a 1:1 m xturepf netyl ene

Step 1: N-Cyclopropyl-1-[3-(4-bromomethylphenyDphenvlj-1.4-dihvdro[1.8]naphthyridin-4-

one-3-carboxamide

A mixture of N-cyclopropyl-1-[3-(4-hydroxymethylphenyl)phenyl]-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide from Example 16, carbon tetrabromide (2eq),
and diphos (0.6 molareq) in methylene chloride (15ml/mmol) was stirred at room temperature
for 3 hours. The mixture was concentrated at room temperature and chromatographed on silica
gel eluting with a 1:1 mixture of ethy! acetate and methylene chloride to afford the N-
Cyclopropyl-1-[3—(4-bromomethy1phenyl)phenyl]-1,4-dihydro[1',8]naphthyridjn-4-one-3-

carboxamide compound.

Step 2: N-Cyclopropvyl-1-[3-(4-methylsulfonylmethylphenyDphenvl]-1.4-dihydro
[1.8Inaphthvridin-4-one-3-carboxamide

To a solution of N-Cyclopropyl-1-[3-(4-bromomethylphenyl)phenyl]-1,4-
dihydro{1,8]naphthyridin-4-one-3-carboxamide from Step 1 in N,N-dimethylformamide
(20mi/mmol) was added methanesulfinic acid sodium salt (1.3eq) and the resulting mixture was
stirred at room temperature for 18 hours. To the mixture was added saturated aqueous
ammonium chloride solution and ethyl acetate, and the insoluble solid was filtered and washed
well with water, hexane, ether and ethyl acetate to afford the title compound as a solid.
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10 chl oride and nethanol (9m /mvol), was added at 0OC
magnesi um nonoper oxypht hal at e hexahydrate (M MPP,
wO2Bapissreq) and the resulting mxture was stiPCEUSI003/036806
the cold for 2 hours. The m xture was quenched wth
‘sat ur at ed aqueous sodi'um bi carbonate and partitioned
" between nethylene chloride and water. The crude
product fromthe organi c phase was chromat ographed on
silica gel eluting with a 90:9:1 m xture of nethyl ene

chloride, ethanol and 28% aqueous 15 ammoni um
hydr oxi & NMRACDSHD dHE (i 2k, AU AL) 282 (ss BH). 8.041Fn, 1H), 4.34
, 2MVRA6GX313) B1)07 88 (§m ,2*7%5-7973%%‘,,(4'111 28 (a, 4128 .68\ m, 1H), 8.85 (4,

s %2.80 ST 7 kR e N fﬁ) 6, 1H), 8.85
1H),?. 125718 93 (bo M), 7. 65-7.73 (m 4H), 7.76-7.82 (m

3H), 8.71 (m 1H), 8.83 (dd, 1H), 9.06 (s, 1H), 9.78

(br, NH). -104 WD 2004/ 048377, 2003/ 036806

'EXAMPLE 54 N-1sopropyl - 1- A%‘[-PEEHJS

4- (1- oxi mi doet hyl ) phenyl | phenyl | -1 4-di hydro f |
N-cRUQFRANTY Al Rty 806 3o SR X Iy Dadifdlort Mol ridin-a-
:“I\| o T0 a SOOI uttl orr Ol
one-Becprbopamidg| - | - [ 3- (4- acet yl phenyl ) phenyl ] -1, 4-

di hydr o[ 1, 8] napht hyri di n- 4- one- 3- car boxam de from

Exanple 4 in pyridine . (I Im/mol) at 10 room

tenperature was added hydr gyyl agi ne hgdrochloride

(2.1eq) and the resulting xt ufle stirred for 16
hours. The m xture i pf ugh celite and the
filtrate evaporated. |[The

o

To a solution of N-cyclopropyl-1-[3-(6-benzyloxypyridin-3-yl)phenyl]-1,4-
dihydro[l,8]naphthyridin-4—one—3—carboxamidé from Example 42 in 1,2-dichloroethane
(25ml/mmol) was added trifluoroacetic acid (1.5ml/mmol) and the resulting mixture was stirred
at 60°C for 18 hours. More trifluoroacetic acid was added (0.75ml/mmol) and heating was
continued for a further 24 hours. The cooled mixture was diluted with methylene chloride and
saturated aqueous sodium bicarbonate was added, resulting in precipitation of a solid which was
filtered. From the filtrate the organic phase was collected and evaporated to a solid which was
combined with the previous filtered solid. This mixture was chromatographed on silica gel
eluting with 10% methanol in methylene chloride to afford the title compound as a white fluffy
solid. |

"H NMR (DMSO-ds) § 0.57 (m, 2H), 0.78.(m, 2H), 2.90 (m, 1H), 6.45 (d, 1H),
7.52 (m, 1H), 7.61-7.65 (m, 2H), 7.78 (d, 1H), 7.85 (s, 1H), 7.89-7.93 (m, 2H), 8.74 (d, 1H),
8.78-8.81 (m, 2H), 9.73 (br, NH), other NH >11ppm.
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resi due was dissolved in ethyl acetate, washed with
saturated aqueous sodi um carbonate and then water,
waleioed4s3ntd evapor ated. The residue was stirredPCTUS2003/036806
smal | volune of acetone and filtered to afford the
title conpound as a solid. 15 1H NWR (CDC13) S 1.29
(d, 6H), 2.27 (s, 3H), 4.30 (m 1H), 7.39 (d, 1H)
7.46 (m 1H), 7.56 (d, 2H), 7.59-7.63 (m 2H); 7.66
(d, 2H), 7.72 (d, 114), 8.17 (s, 1H, OH, 8.69 (brs,
- 1H), 8.82 (d, 1H), 9.10 71 (br, NH). -105
WO 2004/ 048377 PCT/ Uszooéiééég%%ngXAI\/PLE 55

N-Isopropyl-l-{3 14-(4- p| perazin-1
I , 4

N —C)éi%

0
dxhydrbfll\%]ﬁhdldthvhjﬂfrﬂl M:@lmmm of N-isopr opyl 1-{3-]
4- (4-tertbutyl oxycarbonyl pi perazin-1
yl) phenyl ] - phenyl }-1, 4-di hydr o[ 1, 8] napht hyri di n- 4- one-
3- car boxam de fron1EnypIq)11 in 10 nethyl ene
chloride (10m /mol) S ded i fluororacetic acid
(6ém /mmol) and t i Xture was stirred at
room tenperaturg for| 2 ﬂ ursy then warnmed gently for
15 m nutes. The was evaporated and the crude
product was chro og phed on S|I|déseelo${ut|ng W th
de, nethanol

a 90901mxture met hyl ene g 9 ,
and 28% aqueous a agiard the
title conpound as a QQl 4,

Following the procedure of Step 4 of Example 47, but substituting N-
cyclopropyl-l—[3-(5-bromopyridin—3-yl)phenyl]-1,4-dihydro[1,8]naphthy1idin—4-one-3-
carboxamide from Example 41 for N-cyclopropyl-1-(3,5-dibromophenyl)-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide, the title compound was obtained as a white
solid.

' NMR (DMSO-ds) 8 0.58 (m, 2H), 0.79 (m, 2H), 2.91 (m, 1H), 5.30 (s, 1H,
OH), 7.65 (m, 1H), 7.71-7.79 (m, 3H), 8.12 (d, 1H), 8.23-8.26 (m, 2H), 8.49 (s, 1H), 8.75 (dd,
1H), 8.80 (m, 1H), 8.87 (s, 1H), 8.97 (m, 2H), 9.04 (s, 1H), 9.74 (br, NH).
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15 "H NWR (CDC13) 6 1.29 (d, 6H), 2.99 (m 4H), 3.16
(m 4H), 4.25 (m 1H), 6.94 (d, 2H), 7.29 (d, 1H

wQ@ 2eb2/08377 1H), 7.50 (d, 2H), 7.52-7.58 (m 2H)PCTUSH03/036806
(d, 1H), 8.66 (m 1H), 8.78 (dd, 1H), 9.04 (s, 111),
9.69 (br, NH). -106 WD 2004/ 048377 PCT/ US2003/ 036806
EXAMPLE 56 N- Cycl opropyl -1-[3-(4-nethyl sul fon
| met hyl phenyl ) phenyl | - 1, 4-di hydro[ 1, 81napht hyri di n- 4-
one- 3-carboxamde 5 OOH N NOCH =0 Step 1:
N- Cycl opr opyl - 1-[ 3- (4- bronnnetgxb henyl ) phenyl I -1, 4-d
hydr ol | , 81napht hyri di n- 4E boxam de 10 A
m xture of

Me 16 car bon tetrabr om de (2eq) and d| phos
(0.6 nolareq) in nmethylene chloride (15ml/ nmol) was
stirred at roomtenperature for 3 hours. The m xture

was concentrated at roon1QS
chr omat ogr aphed on silica el ut wtha 1:1

m xture of ethyl acet W chloride to
afford the N 15 | Hy ‘

Cycl opropyl -1 -[ 3- (4-r opmpet’hyl peenyl ) phenyl ]-1, 4-di hy
dro[ 1, 8] napht hyri di n- N ond¥3- " car boxam de conpound.
Step 2: N Cyclopropyl-1-r (4 nmet hyl sul fon |y

met hyl phenyl ) phenyl | - 1, 4¢4d
8l napht hyri di n- 4- one- 3- cg

&@tur and
gel

Following the procedure of Step 2 of Example 30, but substituting N-isopropyl-1-
[3-(pyridin-3-yl)phenyl]-1,4-dihydro[ 1,8 Jnaphthyridin-4-one-3-carboxamide from Example 7 for
5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title compound was obtained as a white
solid.

"H NMR (DMSO-dg) § 1.21 (d, 6H), 4.10 (m, 1H), 7.51 (t, 1H), 7.64 (m, 1H),
7.71-7.75 (m, 3H), 7.97 (m, 1H), 8.09 (s, 1H), 8.23 (d, 1H), 8.69-8.77 (m, 3H), 8.84 (s, 1H),
9.66 (br, NH).
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20 To a solution of
N- Cycl opropyl -1 -[ 3-(4-brononet hyl phenyl ) phenyl ] -1, 4-
wal2dwgaussf7 1, 8] napht hyri di n- 4- one- 3- car boxanm deP€T/082003/036806
Step 1 in N Ndinethylformni de (20nl/mvol) was added
met hanesul finic acid sodiumsalt (1.3eq) and the
resulting mxture was stirred at roomtenperature for -
18 hours. To the m xture was added saturated aqueous
amoni um chl ori de solution and ethyl acetate, and the
insoluble solid was filtered and washed 25 well w th
.wat er, hexane, ether and BXAMPLE &P ate to afford the
title conpound as a solid. -107 WO 2004/ 048377

PCT/ US2003/ 036806 1H NVR (CDC13) 8 0.72 (m 2H),
N-(2.gDiohdpropyridin-4-yl)-1 QMWVH;& 4ndﬂwdmm 81naphthvnd1n 4-
one%éa@b&aﬁ@de(m 2H), 7.55 (d, 2H), 7.65-7.73 (m 4H),

7.80 (d, IH, 8.76 (m 1H), 8.85 (d, 1H), 9.12 (s,

1H), 9.82 (br, NH). 5 EXAMPLE 57

N- Cycl opr opyl - 1-13- (1, 6-di hydro$ oxopyr| di n- 3-yl ) phen

yl I -1, 4-di hydror 1, 8l napht@yrl i Gl - 3-car boxam de

OON H NN---"(NO 10

N-cycl opropyl -1 -[3-(

4 di hydro[ 1, 8]napht hyrll i n-

Exanple 42 in 1, 2-digyl

added trifluoroacetic

-yl) phenyl ] -1,

(256i/ ol ) was

(1.5m/ nmol ) and the

ped 15 at 60C for 18 hours.
# added (0. 75ml/ mmol) and

&l+ 28 hours. The

Following the procedure of Step 2 of Example 30, but substituting N-(2,6-
dichloropyridin-4-yl)-1-[3-(pyridin-3-yl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-
carboxamide from Example 10 for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title
compound was obtained as a white solid.

"HNMR (DMSO-dg) § 7.51 (m, 1H), 7.69-7.78 (m, 4H), 7.99 (dd, 1H), 8.14 (s,
1H), 8.24 (dd, 1H), 8.70 (s, 1H), 8.73 (s, 2H), 8.84 (m, 2H), 8.99 (s, 1H), 12.05 (br, NH).
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sat urat ed aqueous sodi um bi carbonat e was added,
resulting in precipitation of a solid which was
wo Rdosoussdr Fromthe filtrate the organi c phaseP@BEES2003/036806
col l ected and evaporated to a solid which was
conmbined with the previous filtered solid. This
m xture was chromat ographed on silica gel 20 eluting
with 10% net hanol in nmethylene chloride to afford the.
title conpound as a white fluffy solid. 1H NMR

DVEO- d6) 8 0.57 (m 2 2.90 (m 1H),
gs 45 (d, )1H) 7. 5(32 (mm¥¥@‘ﬂ1§L{?%gl 7.65 (m (2H) I7_|?78
(d, 1H), 7. 85 (s, 111), 7.89-7.93 (m 2H) 8.74 (d,
88 | ey { Db ond) Elro'}'T'sTxéaphthvndm 4-

onaﬂﬁ&@NBbEn&:S N Cyclopropyl 1ff3 {5

f6- (1- hydroxy-I|-neth

et hyl ) pyridin-3-vl |l pyridin-3-vl}phenylll-1,- dihydrof
1, 8l na_phthyrridin-4- gne- caqggxan1de S OOH NN~
HBC OH N CH3 N Fol | oy ng hﬁpﬁcacedure of Step 4 of
Exanpl e 47, but j égéopropyl [ -[3

- (5- bronmopyri di n{ 3- yl)ph nyI] 1, 4¥dehydro [ 1, 8]

napht hyri di n- 4- one- carboxan1de fron1Exaane 41
for N-cycl opropyl N-(S“% di br onophenyl)-1, 4

di hydro[ 1, 8] napht hyri d 4- one- 3- car boxam de, the
title conpound was «@ hite solid.
0" CH,

Following the procedure of Step 2 of Example 30, but substituting N-isopropyl-1-
[3-(5-carboethoxypyridin-3-yl)phenyl]-1,4-dihydro[ 1,8]naphthyridin-4-one-3-carboxamide from
Example 24 for 5-bromo-2-(1-hydroxy-1-methylethyl)pyridine, the title compound was obtained
as a white solid. ,

'H NMR (CDCls) 8 1.28 (d, 6H), 1.40 (t, 3H), 4.28 (m, 1H), 4.43 (q, 2H), 7.49
(dd, 1H), 7.56 (m, 1H), 7.68 (s, 1H), 7.73 (d, 2H), 8.04 (s, 1H), 8.60 (s, 1H), 8.68 (dd, 1H),

8.77 (s, 1H), 8.82 (d, 1H), 9.01 (s, 1H), 9.61 (br, NH).
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1H NVR (DMBO-d6) 8 0.58 (m 2H), 0.79 (m 2H), 2.91
(m 1H), 5.30 (s, 1H O, 7.65 (m 1H), 7.71-7.79

W@ 004848377 8. 12 (d, 1H), 8.23-8.26 (m 2H), 8. 4BCT/5S52003/036806
1H), 8.75 (dd, 15 1H), 8.80 (m 1H), 8.87 (s, 1H),
8.97 (m 2H), 9.04 (s, 1H), 9.74 (br, NH). -109 WO
2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 59 :
N- I sopropyl -1 -f3-(1-oxi dopyridi n-3-yl)phenyll-1, 4-di hy
drof 1, 8l napht hyri di n- 4-one- 3- carboxanm de 5 O O CH3
XOH3 H "N N NCO Follow ng the procedure of Step 2 of
Exanpl e 30, but substit utB)gWES@pr opyl - I -
[ 3- (pyridin-3-yl)phenyl]-1, 4-di hydro[ 1, 8]naphthyr|d|n-
4- one- 3- car boxam de_from Exanple 7 for,

N-Isoprepdnn -l -hydae L-mpethyle : 2
dih aﬂoll ng aiﬂiﬁi-zl\l@ﬁ 31&&84)){h$ﬂid@5 a whit e sol i d. 1H NWVR
6) 8 1.21 (d, 6H), 4.10 (m 1H), 7.51 (t, 1H),

7.64 (m 1H), 7.71-7.75 (m 3H) 7.97 (m 1H), 8.09

(s, 1H), 8.23 (d, 1H), 8.69- 3H), 8.84 (s,
1H), 9.66 (br, NH). 15 110O V\D 4/ 048377
“PCT/ US2003/ 036806 6 P

Following the procedure of Step 2 of AExample 30, but substituting N-isopropyl-1-
{3-[5-(1-hydroxy-1-methylethyl)pyridin-3-yl]phenyl }-1,4-dihydro[1,8Inaphthyridin-4-one-3-
carboxamide from Example 25 for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title
compound was obtained as a white solid

"H NMR (CDCls) § 1.29 (d, 6H), 1.60 (s, 6H), 4.11 (brs, 1H), 4.23 (m, 1H), 7.42-
7.51 (m, 2H), 7.58 (s, 2H) 7.65 (m, 2H), 8.28 (s, 1H), 8.33 (s, 1H), 8.64 (m, 1H), 8.80 (d, 1H),
8.98 (s, 1H), 9.61 (br, NH).
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N- (2, 6-Di chl oropyridin-4-yl)-1-[3-(1-oxidopyridin-3-yl
)phenyl | -1, 4-di hydro [ 1, 8l naphthyridin-4-
WoOn@48483aTr boxamde 5 0 0Cl / N \ [/ :Z~N& H QACT/NS203/036806
N.O Following the procedure of Step 2 of Exanple 30,
but substituting N (2, 6- ‘
di chl oropyridin-4-yl)-1-[ 3- (pyrldln 3-yl)phenyl ]-1, 4-d
~ihydro [ 1, 8]naphthyridin-4-one-3 10 carboxani de from
Exanpl e 10 for 5-brono-2- (1 hydr oxy- 1 - met hyl et hyl )

pyridine, the title conpound obtalned as a white
solid. 1H NVR ( DVBO- d6) WY%? 7.69-7.78 (m
4H),

799(dd 1H), 814(s 1H), 824(dd 1H) 8. 70
3 2 1. 2 1H

[1, 8]155%91;&@@0% 3- carboxamlde

N- | sopropyl - 1- [ 3- (5- car boet hoxy- | - oxi dopyri di n- 3-yl ) ph
enyl -1 4-dihydro [ 1 8l naphthyridin-4-
one- 3-carboxamde 5 O quHGC>JAM§m§ H NN

Following the procedure of Step 2 of Example 30, but substituting N-isopropyl-1-

{3—[6-(2-methy1propyl)pyridin-3-yl]phenyl}-1,4—dihydro[1,8]naphthyridin-4-one-3-carboxamide
from Example 26
for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title compound was obtained as an off-

white solid.

' NMR (CDCls) 8 0.98 (d, 6H), 1.29 (d, 6H), 2.29 (m, 1H), 2.32 (d, 2H), 4.26

(m, 1H), 7.28 (d, 1H), 7.38 (d, 1H), 7.47-7.52 (m, 2H), 7.60 (s, 1H), 7.69 (m, 2H), 8.53 (s, 1H),
8.69 (m, 1H), 8.82 (dd, 1H), 9.03 (s, 1H), 9.62 (br, NH).
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O br O+ OCH3 N O Followi ng the procedure of Step 2

of Exanple 30, but substituting N-isopropyl-I-
WO 3p0¢H483aT boet hoxypyri di n- 3-yl ) phenyl ] - 1, 4- di hpdr/v52003/036806
-1, 8] napht hyri di n- 4- one- 3- car boxam de from 10 Exanpl e

24 for 5-brono-2-(1-hydroxy-I-nethyl ethyl)pyridine,

the title conpound was obtained as a white solid. 1H

NVR (CDC13) 81.28 (d, 6H), . 1.40 (t, 3H), 4.28 (m 1H),

4.43 (q, 2H), 7.49 (dd, 1H), 7.56 (m 1H), 7.68 (s,

1H), "7.73 (d, 2H), 8.04 é%A%éﬁq 6§ 60 (s, 1H), 8.68

(dd. 1H), 8.77 (s, 1H), By 9.01 (s, 1H),

9.61 (br, NH). 15 - 112 WD 2004/ 048377
J 036296 xi enyl]-1.4-dih dro[1.8]naphthyridin-4-one-3-
carbokyeideyl ) - 1- oxi dopyrl d| n-3-yl I phenyl }-1,4- dihydro [ 1

81nht hyri di n- 4- one- 3-carboxamde 5 0 0. CH3 NCH3 H N
NI H3ccHOH N

O O CHs

X N~ >CH
D L
NT N
‘\
|}l+/CH3
e

Following the procedure of Step 2 of Example 30, but substituting N—isopropy}—l-
[3-(6-methylpyridin-3-yl)phenyl]-1,4-dihydro[1, 8]naphthyridin—4 one-3-carboxamide from
Example 28 for 5-bromo-2-(1-hydroxy-1-methylethyl) pyndme the title compound was
obtained as an off-white solid.

'"H NMR (CDCls) 8 1.32 (d, 6H) 2.60 (s, 3H), 4.30 (m, 1H), 7.35-7.45 (m, 2H),
7.50 (m, 2H), 7.62 (s, 1H), 7.72 (d, 2H), 8.58 (s, 1H), 8.72 (m, 1H), 8.85 (dd, 1H), 9.06 (s, 1H),
9.66 (br, NH).
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I O Followi ng the procedure of Step 2 of Exanple 30,
but substituting N-isopropyl-1 {
wW@2¢08/0§887hydr oxy- | - met hyl et hyl ) pyri di n- 3- yl ] phreyUS2003/036806
}-1,4-di hydro[ 1, 8] napht hyri di n-4-one-3- 10
car boxam de from Exanple 25 for
5- br ono- 2- (1- hydr oxy-1 -nethyl et hyl ) pyridine, the
title conmpound was obtained as a white solid '"H NWR
(CDC13) S 1.29 (d, 6H), 1.60 (s, 6FD 4.11 (brs, 1H)
4.23 (m 1H), 7.42- 7.51 (m HE .58 (s, 2H) 7.65
(m 2H), 8.28 (s, 1H), E%@‘&M? LE®G9), 8.64 (m 1H),
8.80 (d, 111), 8.98. (s, 1H), 9.61 (br, NH). 15 -113
V\D 2004/ 048377 PCT/ USZOOB/ 036806 Eﬁ(AI\/PL% 63 N

Carbd))tg@[lﬁﬂé]yl} 14 d| hydro jdl n- 4- one- 3- car boxam de (1
8 naphthyr 500 CH3 HCH3 NNjH3 N CH3 O
Fol  owi ng the procedure of ‘Step 2 of Exanple 30, but
substituting N—isopropyl-lt%{

3-[6-(2-net hyl propyl) pyridi

|1 phgqyl }-1,4-di hydro
[ 1, 8] napht hyri di n-4- :

Following the procedure of Step 2 of Example 30, but substituting N-
cyclopropyl-1-[3-(pyridin-3-yl)phenyl]-1,4-dihydro[ 1,8]naphthyridin-4-one-3-carboxamide from
10  Example 14 for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title compound was '
obtained as a white solid.
"H NMR (DMSO-ds) § 0.57 (m, 2H), 0.78 (m, 2H), 2.90 (m, 1H), 7.52 (t, 1H),
.7.65 (m, 1H), 7.72-7.76 (m, 3H), 7.98 (m, 1H), 8.10 (s, 1H), 8.25 (d, 1H), 8.70-8.79 (m, 3H),
8.85 (s, 1H), 9.72 (br, NH).
15
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10 from Exanple 26 for
5- br ono- 2- (1- hydr oxy-1 -net hyl et hyl) pyridine, the
WO 2aok@4ssonpound was obt ai ned as an of f- white BOI/US2003/636806

NVR (CDC13) 5 0.98 (d, 6H), 1.29 (d, 6H), 2.29 (m

1H), 2.32 (d, 2H), 4.26 (m 1H), 7.28 (d, 1H), 7.38

(d, 1H), 7.47-7.52 (m 2H), 7.60 (s, 1H), 7.69 (m

2H), 8.53 (s, 1H), 15 8.69 (m 1H), 8.82 (dd, 1H),

9:03 (s, 1H), 9.62 (br, NH). - 114 WD 2004/048377

PCT/ US2003/ 036806 EXAMP Lg%%opr opyl 1 [3

(6- et hyl -1 - oxi dopyrldln‘E 4-di hydro[ 1

8l napht hyri d| n- 4-one- 3- carboxani de 5 O 0 CH3 N CH3
[e . .

dlhvdfﬁieﬁmwm@mwl] 1, 4-di hydr o[ 1, 8] napht

hyri di n- 4- one- 3- car boxam de from 10 Exanple 28 for

5- brono- 2- (1- hydroxy- 1 -nethyl ethyl) pyridine, the
title conpound was obtahnedsps an off-white solid. 1H
NMR (CDC13) 81.32 (d, 6 2160 ( 3H), 4.30 (m 1H),
7.35-7.45 (m 2H), .62 (s, 1H), 7.72
(d, 2H), 8.58 (s, (mHlH), 8.85 (dd, 1H),
9.06 (s, 1H, 9.6 [\(1 :

Following the procedure of Step 2 of Example 29 but substituting 5-bromo-2-(1-
hydroxy-1-methylethyl) pyridine N-oxide from Step 2 of Example 30 for 5-bromo-1-
oxidopyrimidine, the title compound was obtained as a white solid.

'H NMR (CDCl5) § 0.66 (m, 2H), 0.85 (m, 2H), 1.70(s, 6H), 2.97 (m, 1H),
7.43-7.49 (m, 2H), 7.52-7.56 (rh, 2H), 7.61 (s, 2H) 7.71-7.74 (m, 2H), 8.49 (s, 1H), 8.68 (m,
1H), 8.80 (d, 1H), 9.02 (s, 1H), 9.74 (br, NH).
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15 - 115 WO 2004/ 048377 PCT/ US2003/ 036806 EXAVPLE 65

N- Cycl opropyl -1 -f3-(1-oxi dopyridi n-3-yl)phenyll-1,4-d
why@noisslz7 8| napht hyri di n-4- one- 3- car boxam de BCTDUS0BB/036806

N N N+, 0- Follow ng the procedure of Step 2 of Exanple

30, but substituting N

cycl opropyl -1-[3-(pyridin-3-yl)phenyl]-1,4- dlhydro[l 8

] napht hyri di n- 4- one- 3- car boxam de from 10 Exanple 14

for 5-bromo-2-(l-hydroxy-I|-nethylethyl) pyridine, the

title conpound was obtained as a white solid. 1H NWR

(DVSO- d6) - 6 0.57 (m 2H) EXAMBLERT 2H) 2.90 (m 1H),

7.52 (t, 1FD . 7.65 (m 1H), 7.72-7.76 (m 3H), 7.98

. 8. 8 7

1) %V&H] in-4-one-3-

cmb&@%&@48377 PCT/ USZOOS/ 036806 EXAI\/PLE 66 N
5 Cyclopropyl 1 {3 [6 (1
‘hydr oxy- | - net hyl et hyl ) - 1- oxi dopyri di n- 3- Yl | phenY11-1, 4
- di hydroF1 8Inaphtthidincﬁ-oqs-s-carboxanide 5

A

X N
o
N~ N
A
=N

Following the procedure of Step 2 of Example 30, but substituting N-
cyclopropyl-1-[3-(pyridin-4-yl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from
10  Example 17 for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title compound was
obtained as a white solid.
"H NMR (DMSO-ds) 8 0.57 (m, 2H), 0.79 (m, 2H), 2.92 (m, 1H), 7.62-7.70 (m,
2H), 7.75 (t, 1H), 7.88 (d, 2H), 8.03 (d, 1H), 8.15 (s, 1H), 8.30 (d, 2H), 8.75 (d, 1H), 8.80 (m,
1H), 8.86 (s, 1H), 9.73 (br, NH).
15
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OOH NN %NWH3C CH3 Follow ng the procedure of

Step 2 of Exanple 29 but substituting 5-brono-2-(1-
whyenoxs371- net hyl et hyl ) pyridi ne N-oxide from BtEpSR08636806

Exanpl e 30 for 5-brono-1 10 oxidopyrim dine, the title

conpound was obtained as a white solid. 1H NVR (CDC13)

b 0.66 (m 2H), 0.8 (m 2H), 1.70 (s, 611), 2.97 (m

1H), 7.43-7.49 (m 2H), 7.52-7.56 (m 2H), 7.61 (s,

2H) 7.71-7.74 (m 2H), 8.49 (s 1H) 8.68 (m 1H), -

8.80 (d, 1H), 9.02 (s, ;Ei br NH). -117 WD

2004/ 048377 PCT/ US2003/0 ®PLE 67 N-C

propyl - 1- 13- (1- oxi do
’ )4

cmﬁdmnmuﬂe of Step 2 of Exanple 30 but substltutlnglw
cycl opropyl -1 -[3-(pyridin-4-yl)phenyl]-1,4-di hydro[ 1, 8
] napht hyri di n- 4- one- 3- car boxanm de from 10 Exanple 17
for 5-brono-2-(1-hydroxy-I- tqélethyl) pyridi ne, the
title conpound was obtain aspa %CZEF sol i d.

N
H

Following the procedure of Step 2 of Example 30, but substituting N-cyclopropyl-
1-[3-(5-bromopyridin-3-yl)phenyl]-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from ‘
10  Example 41 for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title compound was obtained
as a light yellow solid.
"H NMR (DMSO-dg) 8 0.56 (m, 2H), 0.78 (m, 2H), 2.91 (m, 1H), 7.65 (m, 1H),
7.71-7.74 (m, 2H), 8.02-8.06 (m, 2H), 8.15 (s, 1H), 8.60 (s, 1H), 8.73-8.79 (m, 3H), 8.86 (s,
1H), 9.73 (br, NH).
15
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1H NV\R (DMBO-dg) 8 0.57 (m 2H), 0.79 (m 2H), 2.92
(m 1H), 7.62-7.70 (m 2H), 7.75 (t, 1H), 7.88 (d,
wa@kfo4/088308 (d, 1H), 8.15 (s, 1H), 8.30 (d, 2H)PCBUFH03/036806

(d, 1H, 8.80 (m 1H), 8.86 (s, 1H), 9.73 (br, NH).
15 - 118 WD 2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 68
‘N-Cycl opropyl -1-[3-(5-brono-1-oxidopyridi n-3-yl ) phenyl
| -1, 4-di hydro[ 1, 8l naphthyridin-4-one- 3-carboxan de 5
OON H NN\ \ Br N OFollowng the procedure of
Step 2 of Exanple 30, but_ substituting N-cyclopropyl -
1- [ 3- (5- br onopyri di n- 3- yEX#RYE P91, 4- di hydr o[ 1, 8] naph
thyri d| n- 4- one- 3- car boxam de from 10 Exanple 41 for

vl}plkHylWR%dﬂb%fd@]nﬁhﬂg@ﬁn{ an@-ﬂ)caﬂﬁbxﬁﬁnddn 2H) 2 91
(m 1H), 7.65 (m 1H), 7.71-7.74 (m 2H), 8.02-8.06
(m 2H). 815 (s, 1H. 8.60 (s, 1H, 8.73-8.79 (m
3H, 8.86 (s, 1H, 973 (§r. :

Following the procedure of Step 2 of Example 30, but substituting N-
cyclopropyl-1-[[3-{5-[6-(1-hydroxy-1-methylethyl)pyridin-3-yl}pyridin-3-yl } phenyl]]-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide from Example 58 for 5-bromo-2—(1-hydroxy—i-
methylethyl) pyridine, and using 1.6eq. of m-chloroperoxybenzoic acid, the title compound was
obtained as a white solid.

"H NMR (DMSO0-ds) § 0.57 (m, 2H), 0.78 (m, 2H), 2.91 (m, 1H), 6.94 (s, 1H,
OH), 7.65 (m, 1H), 7.71-7.79 (m, 3H), 7.97 (dd, 1H), 8.13 (d, 1H), 8.25 (s, 1H),.8.55 (s, 1H),
8.74 (dd, 1H), 8.80 (m, 1H), 8.87 (s, 1H), 8.91 (s, 1H), 9.00 (s, 1H), 9.09 (s, 1H), 9.73 (br, NH).
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-119 WO 2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 69
N- Cycl opropyl -1 -ff3-{5-f6-(1-h droxy-Il-neth
wo y@iloyd3y? 1- oxi dopyri di n-3-yl | pyri di n- 3- PCT/US2003/036806
yl I phenyl || -1, 4-di hydr of
1, 8l napht hyri di n- 4-one- 3-carboxamde 5 OON HCH3 N
NO+ OH/ I \'' I CH3 N Follow ng the procedure of Step
2 of Exanple 30, but substltutlng N-
cycl opropyl -1-[{3-{
5-[6- (1- hydroxy- I—nethylethy :grldln 3-yl]pyridin-3-y
| }phenyl] ]-1,4 10 EXA
di hydro[ 1, 8]naphthyr|d|n 4- one- 3- carboxam de from
8 f

' cihvie A7 GO KIOE
\L}p’h@hﬂﬂ Imlﬁvdtdre smmuﬂdmwane gk@taﬂaom@ﬂ;cas a vm| te

solid. 1H NMR (DVMSO-d6) 8 0.57 (m 2H), 0.78 (m 2H),
2.91 (m 1H), 6.94 (s, 1H OH), 7.65 (m 1H),
7.71-7.79 (m 3H), 1H), 8.13 (d, 1H), 8.25
(s, 1H),.8.55 (s, 74 (0d, 1H), 8.80 (m 1H),
8.87 (s, 1H), 8. 9. s, 1H), 9.09 (s,
1H), 9.73 (br, 2004/ 048377

PCT/ US2003/ 03680

phenyl ] 1-1, 4- dlhydro
I de

From the procedure of Example 69, the title compound was also obtained as a
white solid. ’

"H NMR (DMSO-dg) § 0.57 (m, 2H), 0.79 (m, 2H), 2.92 (m, 1H), 5.32 (s, 1H,
OH), 7.65 (m, 1H), 7.72-7.80 (m, 3H), 8.08-8.17 (m, 2H), 8.27 (m, 2H), 8.70-8.82 (m, 4H), 8.88
(s, 1H), 8.98 (s, 1H), 9.73 (br, NH). '
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500 (IJtYLTANNHCOHd eN / | H3 N O Fromthe

procedure of Exanple 69, the title conpound was al so
w@bdoaiomssd’ as a white solid. 10 1H NVR ( DMSO dBQT/BSD0E036806

(m 2H), 0.79 (m 2H), 2.92 (m 1H), 5.32 (s, 1H,
"OH), 7.65 (m 1H), 7.72-7.80 (m 3H), 8.08-8.17 (m

2H), 8.27 (m 2H), 8.70-8.82 (m 4H), 8.88 (s, 1H),

8.98 (s, 1H), 9.73 (br, NH). -121 WD 2004/048377

PCT/ US2003/ 036806 EXAMPLE 71 '

N- Cycl opropYl - 1- (f3-d5-f6-(1-hydroxy 1-nmeth |y

et hyl ) - 1- oxi dopyri di n- 3- EKIAMPbK{7dopyri di n-3- vyl

}phenyl I -1 4- dihydrof

1, 8l napht hyri di n- 4-one-3-carboxamde 5 O ON. H CH3 N
N-CyqlaprepylAl-[[34{ 5- l61(~],fgvdroxv-1 -methylethyl)-1- ox1dopvr1d1n 3-yl]-1-oxidopyridin-3-

vl }phenvlll-1.4-dihydro{1.81naphthyridin-4-one-3-carboxamide

From the procedure of Example 69 the title compound was also obtained as a .
white solid.
10 "H NMR (DMSO-ds) & 0.58 (m, 2H), 0.80 (m, 2H), 2.92 (m, 1H), 6.85 (brs, 1H,
OH), 7.65 (m, 1H), 7.70-7.80 (m, 3H), 7.96 (d, 1H), 8.13 (m, 2H), 8.29 (s, 1H), 8.71-8.84 (m,
4H), 8.89 (s, 1H), 8.92 (s, 1H), 9.73 (br, NH).
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N+ 0- Fromthe procedure of Exanple 69 the title

conpound was al so obtained as a white solid. 10 1H
WORRLOBNSBO- d6) 8 0.58 (m 2H), 0.80 (m 2H), 2PORUSIN3/036806

1H), 6.85 (brs, 1H OH), 7.65 (m 1H), 7.70-7.80 (m

3H), 7.96 (d, 1H), 8.13 (m 2H), 8.29 (s, 1H),

8.71-8.84 (m 4H), 8.89 (s, 1H), 8.92 (s, 1Hy, 9.73

(br, NHy. - 122 WD 2004/048377 PCT/ US2003/ 036806

EXAMPLE 72

N- | sopropyl - 1-r 3- (1- oxi doqui nol i n-3-~l) phenyl | -1, 4-di h

ydro (1, 8l naphthyridi n-BK&NMPLECE boxanide 5 0 0 CH3

NCH3 NNMN i Q Follow ng the procedure of Step 2

of Exa Ie 30 but substl}tlutln I\Llsopr%yl

0D , ] ok

carboﬁ‘arﬂiﬂ@ car boxam de from Exanpl e 1210 for
- brono- 2- (1- hydroxy- 1 -nethyl ethyl) pyridine, the
titI e conmpound was obtained as a solid. 'H NWR

(CDC13) S 1.30 (d, 6H), 4.28 (
7.54 (d, 1H),. 7.66-7.85 (
8.69-8.75 (m 2H), 8.
(s, 1H), 9.64 (br,

1H), 7.49 (dd, 1H),
: ;’u'@? (m (2H), "
8.86 (s, 1H), 9.08
N~ CHs

Following the procedure of Step 2 of Example 30, but substituting N-isopropyl-1-
[3-(quinolin-3-yl)phenyl]-1,4-dihydro[ 1,8 ]naphthyridin-4-one-carboxamide from Example 12
for 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine, the title compound was obtained as a solid.

"H NMR (CDCls) & 1.30 (d, 6H), 4.28 (m, 1H), 7.49 (dd, 1H), 7.54 (d, 1H),
7.66-7.85 (m, 5H), 7.92 (m, 2H), 8.69-8.75 (m, 2H), 8.84 (d, 1H), 8.86 (s, 1H), 9.08 (s, 1H),
9.64 (br, NH).
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-123 WD 2004/ 048377 PCT/ US2003/ 036806 EXAMPLE 73
N-Isobutyl-I-f 3-f 6-(1-hydroxy-

wo 20080837t hyl ) - 1- oxi dopyri di n-3-yl | phenyl } -RBCHUS2003/036806
di hydro (1, 8l naphthyridi n-4-one-3-carboxamde 5 O O
N~ CH3 HCH3 NNOH bnt NNCH3 O CH3 To a m xture
of
N-i sobutyl -1-{3-[6-(1-hydroxy-|-nethylethyl)pyridin-3-
yl'] phenyl }-1, 4-di hydro[ 1, 8] napht hyri di n- 4- one- 3- carbox
am de fron1Exaane 46 in 13:1 10 net hyl ene
chl ori de/ met hanol (33ml/ BAAYPEE 7Boom t enper at ure was
added magnesi um nonoper oxypht hal at e hexahydrate

and t he resuItlnc, x}u e
O - 1 ]. .ci’," L e

ure
dlhyd/pag g]haﬁ}@m@mlﬁ mo@aghcaab i@ celite and the filtrate

was washed wi th aqueous sodi um carbonate, then water
and dried. The crude product was chronatographed on
silica gel eluting wth 8% ethanol in ethyl acetate
and the solid obtained 13 wasjstirred at room

Hind filtered to
l'ight pink solid. 1H
*? 6H), 1.GH4s, 6H), 1.88

tenperature in ethe
afford the title
NMR (Acet one-d6) StQ.

(m 1H), 3.26 (t, 2H\

To a mixture of N-isobutyl-1-{3-[6-(1-hydroxy-1-methylethyl)pyridin-3-
yl]phenyl}-1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from Example 46 in 13:1
methylene chloride/methanol (33ml/mmol) at room temperature was added magnesium
monoperoxyphthalate hexahydrate (MMPP, 1.1 n{olareq) and the resulting mixture was stirred at
room temperature for 24 hours. The mixture was filtered through a bed of celite and the filtrate
was washed with aqueous sodium carbonate, then water and dried. The crude product was
chromatographed on silica gel eluting with 8% ethanol in ethyl acetate and the solid obtained
was stirred at room temperature in ether for several hours and filtered to afford the title
compound as a light pink solid.

"H NMR (Acetone-dg) § 0.98 (d, 6H), 1.61 (s, 6H), 1.88 (m, 1H), 3.26 (t, 2H),
7.52 (s, 1H, OH), 7.61 (m, 1H), 7.66 (d, 1H), 7.77-7.82 (m, 2H), 7.88 (d, 1H), 7.99 (d, 1H), 8.12
(s, 1H), 8.68 (s, 1H), 8.73 (m, 1H), 8.80 (dd, 1H), 8.93 (s, 1H), 9.81 (br, NH).
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7.52 (s, 1H, OH), 7.61 (m 1H), 7.66 (d, 1H),
7.77-7.82 (m 2H), 7.88 (d, 1H), 7.99 (d, 1H), 8.12
W@ 3004048377 8. 68 (s, 1H), 8.73 (m 1H), 8.80 (ddPCE¥2003/036806
8.93 (s, 1H), 9.81 (br, NH). 20 - 124 WD 2004/048377
PCT/ US2003/ 036806 EXAMPLE 74 N Cycl opropyl
1-[3-(6-nmethyl -1 -oxi dopyridin-3-yl)Il phenyll-1
4-di hydr o[ 1, 8] napht hyri di n-4- one-3-carboxanide 5 OO
I H NNN CH3 O Foll ow ng the procedure of Exanple
73, but substituting N 0 -1-[3-(6-
nmet hyl pyri di n-3-yl)] pherﬁy(x NEPL%D%‘} hydr o[ 1, 8] napht hyri d
i n-4-one- 3- car boxani de from Exanple 10 39 for

one- 3élcaebdmﬂﬁ@ 1 8] napht hyrl d| n- 4- one- 3-car boxam de t he

title conpound was obtained as a solid. 1H NWR (CDC13) -
8 0.72 (m 2H), 0.91 (m 2H), 2.61 (s, 3H), 3.02 (m

1H); 7.38 (d, 1H), 7.45 (dd, 4H), 7.49-7.58 (m 2H),
- 7.66 (s, 1H), 7.75 (m 2 1 ( 1H), 8.72 (m ’
1H), 8.87 (dd, 1H), 0 <~ 9.78 (br, NH). 15

6806 EXAMPLE 75

Following the procedure of Example 73, but substituting N-cyclopropyl-l-[3-(6—
methylpyridin-3-yl)]lphenyl}-1,4-dihydro[1,8]naphthyridin-4-one- 3—carboxarmde from Example
39 for N-isobutyl-1{[3-[6-(1-hydroxy-1-methylethyl)pyridin-3-yl]phenyl}-1, 4-
dlhydro[l,8]naphthyr1d1n—4-one-3—carboxamlde, the title compound was obtained as a solid.

'H NMR (CDCls) § 0.72 (m, 2H), 0.91 (m, 2H), 2.61 (s, 3H), 3.02 (m, 1H), 7.38
(d, 1H), 7.45 (dd, 1H), 7.49-7.58 (m, 2H), 7.66 (s, 1H), 7.75 (m, 2H), 8.61 (s, 1H), 8.72 (m, 1H),
8.87 (dd, 1H), 9.08 (s, 1H), 9.78 (br, NH).
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N- Cycl opropyl -1 -[3-(6-net hyl sul fonyl -1
oxi dopyridi n-3-yl)phenyl|-1,4-di hydro [ 1,
w@bkovapishyri di n- 4- one- 3- carboxanmi de 5 O O N H PCu/bNIS2003/036806
~N.O brS'CH3 To a suspension of
N-cycl opropyl -1 -[ 3-(6- et hyl sul f onyl pyri di n- 3-yl ) pheny
'] 1,4-di hydro[ 1, 8] napht hyri di n-4- one- 3- car boxam de
from Exanple 51 in nethylene chloride 10 (30ml/ nmol)
was added urea- hydrogen peroxide (8eq) and the
resulting m xture was cooled to_OC. Trifluoroacetic
acid (4.7eq) was added aReKAMBLE %t ure was war ned to
roomtenperature. as a solution was obtained. After 18

4 st allay s S red A o 2 M was
[1.816@Mthyddd4fome-Rcdibokasidelhe m xture was quenched with
saturat ed aqueous sodi um netabisulfite, diluted with
nmet hyl ene chloride and the 15 organic phase was
washed wi th 1N aqueous FQB, tRen brine and water,
dried and evaporated. Thegj crugle prgquct was
chr omat ogr aphed on st ca‘ge I\l with 40% t ol uene
"in acetone to aff he t||tle'conpound as a solid.
1H NVR (CDC13) 6 0..66 , B8 (m 2H), 2.97 (m
1H), 3.52 (s, 3H), 7M8 Nm 1H), 7.58-7.65 (m 3H),.
7.72-7-78 (m 2H), 8.15 (q, 1H), 8.54 (s, 1H), 8.68
(brs, 1H), 8.81 20 (d, 9.01 (s, 1H), 9.71 (br
NH). -126 WD 2004/ 0483 /US\9q3k936806 EXAMPLE 76

N

To a suspension of N-cyclopropyl-1-[3-(6-methylsulfonylpyridin-3-yl)phenyl]-
1,4-dihydro[1,8]naphthyridin-4-one-3-carboxamide from Example 51 in methylene chloride
(30ml/mmol) was added urea-hydrogen peroxide (8eq) and the resulting mixture was cooled to
0°C. Trifluoroacetic acid (4.7eq) was added and the mixture was warmed to room temperature
as a solution was obtained. After 18 hours, more urea-hydrogen peroxide (2.6eq) and
trifluoroacetic acid (2eq) were added and stirring was continued for 2 hours. The mixture was
quenched with saturated aqueous sodium metabisulfite, diluted with methylene chloride and the
organic phase was washed with 1N aqueous HCI, then brine and water, dried and evaporated.
The crude product was chromatographed on silica gel eluting with 40% toluene in acetone to
afford the title compound as a solid.

"H NMR (CDCls) 8 0.66 (m, 2H), 0.85 (m, 2H), 2.97 (m, 1H), 3.52 (s, 3H), 7.48
(m, 1H), 7.58-7.65 (m, 3H), 7.72-7-78 (m, 2H), 8.15 (d, 1H), 8.54 (s, 1H), 8.68 (brs, 1H), 8.81
(d, 1H), 9.01 (s, 1H), 9.71 (br, NH).
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N Cycl opropyl 1

{5-brono-3-f6-(1-hydroxy-I-nethylethyl)-1-oxidopyridin
wo 3englohgsenyl 1- 1, 4- di hydrof 1 PCT/US2003/036806

8l napht hyrri di n-4-one-3-carboxamde 5 OO I I N H N

N\O Br N-O CH3 OH CH3 Follow ng the procedure of

Step 2 of Exarrpl e 30, but substituting N -

cycl opropyl - 1-{

5-br ono- 3-[ 6- (1- hydr oxy- I - et hyl et hyl ) pyri di n- 3- yl]phe

nyl }-1,4 10 7

di hydr o[ 1, 8] napht hyri di n= %AM%L% gar boxam de from

Exanpl e 47 for 5- brom) 2 (1 hydroxy | - nethyl ethyl)

dlhvdGcHI)l SLDﬁmvﬁmn-4—bnaB carbbxzt&l@ 60 (m 5H), 7. 73 (s, 1H),

7.88 (s, 1H), 8.52 (s, 1H, 8.72 (m 1H), 8.:84 (dd,
1H), 9.04 (s, 1H), 9.71 (br, NH. 15 - 127 WO

2004/ 048377 PCT/ US2003/ 03806y -EXANPLE 77

N-Cycl opropyl -1-(3-r6-(1,_2-dijhydr -l -methMethyl )-1-0
xi dopyridin-3-yllp r of

/_ -
N N
Br ~ KJ/O-
OH
CHj

Following the procedure of Step 2 of Example 30, but substituting N-
cyclopropyl-1-{5-bromo-3-[6-(1-hydroxy-1-methylethyl)pyri din-3-yl}phenyl }-1,4-
dihydro[1,8]naphthyridin-4-one-3-carboxamide from Example 47 for 5-bromo-2-(1-hydroxy-1-
methylethyl) pyridine, the title compound was obtained as a solid.

'H NMR (CDCls) § 0.71 (m, 2H), 0.90 (m, 2H), 1.75 (s, 6H), 3.02 (m, 1H),
7.48-7.60 (m, 5H), 7.73 (s, 1H), 7.88 (s, 1H), 8.52 (s, lH) 8.72 (m, 1H), 8.84 (dd, 1H), 9.04 (s,
1H), 9.71 (br, NH).
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500N H NN\ NO COHOH H3C Step 1:
5-Brono-2-(1-neth Ivinyl)pyridine N-oxide A m xture of
W®G20mom372- (1- hydr oxy- | - net hyl et hyl ) pyri di ne PMEDXBZTIE3/036806

fromstep 2 10 of exanple 30 (1.29g) and 25% aqueous
sul furic acid was heated at 130C for 2 days. After
cooling, the mxture was made slightly basic using 10N
aqueous sodi um hydroxi de and partitioned between

et hyl acetate and water. The crude product from
evaporation of the organic phase was used as such in
step 2. 15 Step 2: 5-br oXAMPLETHi hydr oxv-1-nmeth |yy
~etherpyridine N-oxide The crude product fromstep 1

N-CYARBh ALY ] B dhyBroxylt Hletth i P AL ING 2ot 1 4.
11 ) ana 4-1met nyrmor pimor 1T e IN-"OXT Ue g) drrd
dihygol B8 Biapihasdintdeont-heaibak anid®0ny) were added. The

resulting mxture was stirred at roomtenperature for
3 days then excess solid sodiumbisulfite was added
and the m xture was evaporated. The residue was
diluted with 20 nmethyl eng chipride and filtered. The
filtrate was evaporated And tihe resydue

chr omat ogr aphed on A uting with ethyl
acetate to afford conpound as a white solid.
-128 WD 2004/ 0483 H 003/ 036806 Step 3:
N—Cyclopropyl-l-{s-ﬁé-(l 2-dih

ddrr oxy-1-nmet hyl et hyl ) - xi dopy din-3-yl]phenyl}-

Step 1: 5-Bromo-2-(1-methylvinyDpvridine N-oxide

A mixture of 5-bromo-2-(1-hydroxy-1-methylethyl) pyridine N-oxide from step 2
of example 30 (1.29g) and 25% aqueous sulfuﬁc acid was heated at 130°C for 2 days. After
cooling, the mixture was made slightly basic using 10N aqueous sodium hydroxide and
partitioned between ethyl acetate and water. The crude product from evaporation of the organic

phase was used as such in step 2.

Step 2: 5-bromo-2-(1,2-dihydroxy-1-methylethyl) pyridine N-oxide

The crude product from step 1 was dissolved in a 3 : 1 mixture of acetone and
water (16mL) and 4-methylmorpholine N-oxide (1g) and potassium osmate dihydrate (90mg)
were added. The resulting mixture was stirred at room temperature for 3 days then excess solid
sodium bisulfite was added and the mixture was evaporated. The residue was diluted with
methylene chloride and filtered. The filtrate was evaporated and the residue chromatographed on

silica gel eluting with ethyl acetate to afford the title compound as a white solid.
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1,4-di hydro [ 1, 8] napht hyri di n-4-one- 3-car boxam de.
Foll owi ng the procedure of step 2 of exanple 32 but
W@ g is3at i ng 5- brono- 2- (1, 2- di hydr oxy- 1- met hpdBUkK3003/036806
pyridine N-oxide fromstep 2 for ‘
- 3- brono- 5-nethyl sul fonyl pyridine 5 the title conpound
was obtained as a white solid. '"H NVR (CDC13) 8 0.66
(m 2H), 0.85 (m 2H), 1.61 (s, 3H), 2.78 (m 1H OH)),
2.97 (m 1H), 390(m1H) 3.97 (m 1H), 7.48 (m
1H), 7.53 2 2H) , 69-7.72
SteDBI_DQ‘Q-CVCbDro(DLnﬂ 1({3)&[6 (ﬂ: Mmhgc&noxwgmethvm&c&ﬂé&zmzb&&yl]phenyl}-

1’4"%31‘](39%[]1@5&??& Ib4<3’“f5| ‘i\"rrgl?\?"%?g% | X I\I—Clgl ;F/)DE_4 e

opr opy! FbHdwing (he mcampwﬂ SRp 2 Bf slangldyhiphd spbeiytidg Sbmomo-2-(1,2-
x0-1 4-di hydro-1 8- napht hyri di ne- 3- car boxy nhdl
dlhy@@esvrdomﬁtby)ie&yyl)myggl@ N@xld@ fram eiep p(fa F-PromRey ér]meg Y sqlfonylpyndme

e EREpE T Uit eR e i sbid 5! o e

"H NMR (CDCl3) § 0.66 (m, 2H), 0.85 (m, 2H), 1.61 (s, 3H), 2.78 (m, 1H, OH), 2.97 (m, 1H),
3.90 (m, 1H), 3.97 (m, 1H), 7.48 (m, 1H), 7.53 (m, 2H), 7.60 (m, 2H), 7.69-7.72 (m, 2H), 7.92
(s, 1H, OH), 8.49 (s, 1H), 8.68 (m, 1H), 8.80 (dd, 1H), 9.02 (s, 1H), 9.73 (br, NH).

PDE-4 INHIBITOR EXAMPLE B

S N+/

IX

N-Cyclopropyl-1-{3-[(1 -oxidonrvi din-3-yDethynvllphenyl }-4-0x0-1.4-dihydro-1,8-
naphthyridine-3-carboxyamide (Compound IX)

Step 1:
o
I [(ally)PdCl], N CO,E
AN CO,Et ‘ | ) |
| B P(t-Bu)s Py
] + [\ t-amylamine
~
N ]
©\ & Hal DM%: o?o C <
X 70% ~
v v Viil [?]
O
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WD 2004/ 048377 PCT/ US2003/ 036806 Materials MN Anpunt
Mol es EE 5 Ethyl ester naphthyridone- 318.33 2.50 Kg
w(@ 2@8/048307 phenyl acet yl ene 3- Bronopyri di ne- N- ORCTI®S2003/036806

210.46 1.82 Kg 8.64 1.1 HA salt 10 Tert-anyl am ne
87.17 2.7 L 45.6 3.0 d=0.746 Allyl palladiunchloride
365.85 72 g 0.2 2.5mol % 15 di ner
.Tri-t-butyl phosphine 10% in hexanes 2.38 L 0.8 10nol %
(0.33M 20 D net hyl am noacet ani de solvent 60 L ---
24vol (DWVAc) water anti-solvent 90 L --- 36vol 25
n- But anol rinse solvent 87.6 L --- 35vol A 100 L round
bottom fl ask was equi pped with a reflux condenser and
nitrogen swee and charged wth

Matezialsropyr i di nh@&-om de HO sémounto| | oned bdssac 12. E_‘l

L, and 30 cool ed wwth ice bath. Neat t-anylam ne was

ded VI oppi n nel hour. AddLti.on of
Ethyﬁ?ﬁtqﬁé‘aﬁlﬁ 8 tgligm | dl égé;ét hermi c: Jé#aer at ur el
phenylas&ylen®m 5C to 10C. The phosphine solution was added
to produce a light yellow, honbgeneous sol ution. Next,
the i-allylpalladium dinmer was added as a slurry in
3-Bronppyridige-N-oxide r%la(l;ﬁ on wat.33Kgmwed to stBH4at 10C 1.1
g ffr 30 minutes. The acetyl ene conpound was wei ghed
out into a carboy and DMAc 9.9 Kg added. - 130

Tert-amylamine 87.17 27L ' 45.6 3.0
d=0.746

Allylpalladmmchlonde 365.85 72 g 0.2 2.5mol%

dimer

Tri-t-butylphosphine ~ 10% in hexanes 238L 0.8  10mol%
(0.33M)

Dimethylaminoacetamide solvent 60 L -—- 24vol

(DMAc)

water anti-solvent 90 L - 36vol

n-Butanol rinse solvent 8§7.6L | - 35vol

A 100 L round bottom flask was equipped with a reflux condenser and nitrogen
sweep, and charged with bromopyridine-N-oxide HCl salt, followed by DMAc 12.5 L, and
cooled with ice bath. Neat t-amylamine was added via dropping funnel over 1 hour. Addition of
amine was noted to be mildly exothermic: temperature rose from 5°C to 10°C. The phosphine
solution was added to produce a light yellow, homogeneous solution. Next, the r-allylpalladium
dimer was added as a slurry in DMAc 1.5 L. The reaction was allowed to stir at 10°C for 30
minutes. The acetylene compound was weighed out into a carboy and DMAc 9.9 Kg added.
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WD 2004/ 048377 PCT/ US2003/ 036806 This acetyl ene
sol ution was added into the reaction flask. The carboy
worw40i833ed-wi th DMAC 22 Kg and added to the PERUB10081036806

m xture. Enough DMAc was added to achieve a total of

60 L. This mlky yellow solution was heated to 60C,
becom ng a honbgeneous brown solution, until reaction
was conpl ete; judged by consunption of the acetyl ene
conmpound. The reaction was 5 cooled to OC before

addi ng water 90 L to precipitate product from
Thlsmtmen@ polutiprewas afded inig ghe Rpgtiomi ik She 6P IvapFBtfdcyith DMAc 22

aﬁfe aﬁ%}ﬁglﬁegféh&tﬁﬂﬂ Hikturk. hfln@@é’fﬂ)wﬁﬁc Wgéiz{lﬁl@d\t% admegzz .2%0fal of 60 L. This
en rle

milky ey On B a6° e GRdr e PByis s B pedTroRarRTyAfuign, unil

reac@bn/®as ydthplete sjpldpetsbyZe dmSuriptioB&hy a&tyieﬂd)cdﬁh@uﬁ&l BDER8tion was

‘ cooliqc_)ﬁ Wé)bfgxe eﬁ%ng&v T 80i6t0é)r?_c[zp1taﬁ_§podl}égﬁoé}? @u‘u% 7T%e slurry was

filterbd 20 etdlect pfodudt. IB rémdye paiBdm,4hejcalie was Hyashexi wgh @aécL of n-butanol
on tl‘l]e‘i%te? Pf? élﬁid_tﬁen%ﬁ;'a ’1n]31£cg}ulzl dov%ﬁ a 50°C*]1rn11319n1'd%geril§fl}eam7m@flmght to give

whitg gelids =63 Kg, 3% yigxd 1H), 8.27 (s 1H) 8 59 (dd
J=4.4, 1.9 Hz, 1H), 8.64 (s, 1H), 8.74 J=8.0,

1.7, o¥MK #%Wfé%%%c? s, %%@3’%% 47:1, 210, 728

(dd, 728.036.81R8. BI), 124. @T, 1:3%0,71.2 ¥82 185), 138 (84, /E39, 4,4 Hz, 1H), 7.49 (ddd,

4330400, R 8 T S S B 1 512

1H) p®&d (dis &eb.anti1 iHy, 48), 3.8T (pudd), &G%/&de’ﬁ%ﬂ émmﬁtm (S 1H) 874
(dd, 539515 1ﬁ§ter product 411.14 0.718 Kg 7.85 1.0 25

Kg ---_ 50w % Met ha s 8
NME 1 RO OMHELS S 508 bic T e D e T sl 1232, 12535,
12881 1485, 108182 19@13, K25 d36/80E39. B 141 0] 0420, 1430, 462.6A164.6) 174.5.
100 L round bottom flask was equi pped with a refl ux
condenser, stir paddle, and
An alternative method of Palladium reduction has also been used and is as

follows:

Materials MW Amount Moles Eq
Ester product 4114 0.718 Kg 7.85 1.0
Darco G-60 - 0.359 Kg - 50wt%
Methanol solvent 2L - 50vols

After precipitation with water, the wet filter cake was dried under a nitrogen
stream. A 100 L round bottom flask was equipped with a reflux condenser, stir paddle, and
nitrogen sweep, then charged with the ester product and methanol 72 L. Mixture was heated to
60°C until solids dissolved. Mixture was cooled to 55°C and Darco G-60 was added as a slurry
in 6L methanol. Mixture was heated back to 60°C for four hours. The solution was filtered
through Solka Floc while warm to remove Darco. Solka Floc pad was rinsed with another 4L of

-131 -



10

15

20

25

ni trogen sweep, then charged wth the ester product
and nmethanol 72 L. Mxture was heated to 60C until
W@ odoiaig83di ssol ved. M xture was cool ed to 55C apdI/Ds2003036806

G 60 was added as a slurry in 6L nethanol. M xture

was heated back to 60C for four hours. The solution

was filtered through Solka Floc while warmto renove

Darco. Sol ka Floc pad was rinsed with another 4L of -

131 WD 2004/ 048377 PCT/ US2003/ 036806 net hanol . '

in filtr . .

methgpflc OB Hhraisp NS AP o AL b ShelbiAGEaY a CObiovs white
preci?ﬁﬁté wak Wbfell. Tafs sharcairteadraarfoawaddimtb ohd dmidafordetion step directly.

ormation step directly. Step 22 50 OO COR2Et N H

N Na) HN--a CN N MOH 60C c) 15%aq ACN\ | \ D)

StepRPAc b__~_" VIII NIX 0 O WMaterials MNAmount Ml es
E g 10 Penultimate ester 411.41 1.4 Kg 3.4 1.0
Cycl opr opyl acgn ne 57.10, d=0.824 21 L --- b5v@s
(Butyl phosphj t e 621% d=0.915 46ni 0.17 5mil k1A
Met han | £ L --- I5vols Z ] ”
NY
SN 2 pN—<] N"TN
' MeOH 60C
b) IPAC \
A ~ O 15%aqACN A N
| 60% | 7
Vil 'C,“) | IX 5
Materials MW Amount Moles Eq
Penultimate ester ~ 411.41 14Kg 3.4 1.0
Cyclopropylamine ~ 57.10, d=0.824 21L -—- 15vols
(Butylphosphite 250, d=0.915 46mlL 0.17 5mol%)*
Methanol solvent 21L - 15vols
Isopropyl acetate anti-solvent 72 L : - -
15% aq. acetonitrile solvent 24L - 24vols

In-line filter, 1 micron '
*Note that the parentheses around the butylphosphite data indicate that the experiment was run
both with and without the butylphosphite.

A 100 L round bottom flask was equipped with a reflux condenser and nitrogen
sweep, and charged with penultimate ester and methanol followed by cyclopropylamine. As
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| sopropyl acetate anti-solvent 72 L --- --- 20 15% aqg.
acetonitrile solvent 24 L --- 24vols In-line filter,
wda 2004048377 *Not e t hat the parentheses around t hBCT/US2003/036806

butyl phosphite data indicate that the experinent was
run -both with and without the butyl phosphite. 25 A
100 L round bottom fl ask was equi pped with a refl ux
condenser and nitrogen sweep, and charged with
penultimate ester and nethanol followed by
cycl opropyl am ne. As -132 WD 2004/ 048377 o

indicpiet/absp 0B SEBdE Wit arid ean beiaddsdy & he reaptign Was hiratqdd@jog”C until

cons F_@o&@ﬂh@ estad dad reﬂ_dﬁi%nrvﬁa%%dlgéﬂ t4VBS c&lﬁpl%&dvﬁe@l BRG were less than 2%
consu tion of the é

|
by B b di g BR G shp e cerchitbn s ateyed tpe! skl Apd R onsspiggied to ~hal
VoluirlBL ﬁopl:d@@ha&ﬁmdnvei hdied vithile diedling out thesnmmiddenelitht enethanol and
Qncent rat.
amine i BOPDELET 81 BoRACe Mg b B R ase Y, WFmal vojame vas 201
The slenpiwas eamplied taméflheteaaffbe caliedv B \aashﬁéwuhﬁtlepf isopropyl acetate and
then ﬁﬁgﬁ) } e\tfa{c (qveﬁ BEs el g&t nlﬁ\_?%éncﬂﬁeﬁﬁ dveRRempyl acetate,
the fi na VO

ume was slurry was sanpl ed and
filtered. The cake was washed with 2 L of isopropyl

A a_Ctet at eAa'mth réu@bottbinEthsk Ry a¥ @gwgacpwan aa&ﬂlﬁ@@ndf&;ib‘éf and nitrogen
nitrogen str over om
sweRn U T PRYGUFLR o Roh Ses AP ad i rogisongle: The
Slur%f\zﬁzlf_sﬂlfg’@ﬂdo 60rar. gl sqhdsrw@n imao soldtidxX Patold sadltitisoivasifiltened through a 1
. .L..15% aqg. . .ac

micrgg &‘_x-h}&? fﬁt%rgy?l?sﬁﬁin% la egcogg PE tL o Eéfttd’l‘ﬁ?laglf ;‘fj‘l]iel‘?lgarl]lt()%ed to cool to
22°C. i Theeslwrdy whs Hilterad and solids erigd irl Y\@»CPPW@VW at 2°Cimdpenifiagen stream
overhighﬁtoagoﬁeﬁ g@ ‘f(g_l_cﬁ cyk ARG dQhpRMaiTkashe yidien al | owed to

slurry was filtered and solids dried
i n vacuum oven at 50C under nitrogen stream overni ght

to gi veNMROHKEDE, moxoMIai)la 2861 QUTEPEUZE), X,7%6098 (m, 2H), 2.95-3.01
m, Yaf s @3, ﬂfﬂ% £y h%D%g FREM e 811 180, Pae e s 124 Hz, 1), 7.49
(ddd, J=8.0, 2.0, 1.2 Hz, 1H), 7.61 (t, J=8.0 Hz, 1H), 7.64 (m, J=2.0 Hz, 1H), 7.71 (dt, J=7.6,
1.2 Hz, 1H), 8.19 (d, J=6.6, 1H), 8.34 (s, 1H), 8.70 (dd, J=4.6, 1.8 Hz, 1H), 8.80 (dd, J=8.0, 1.9
Hz, 1H), 9.00 (5, 1H), 9.74 (br d, J=3.6 Hz, 1H).
NMR *C (CDCl; 400MHZ) 8: 6.5, 22.4, 84.6, 92.5, 113.5, 121.4, 122.0, 122.9, 123.2, 1257,
128.4, 1286, 129.8, 130.7, 132.6, 136.4, 139.0, 1404, 141.1, 148.0, 149.7, 153.0, 165.1, 177.1.

Alternative Procedure Hlustrating Amide Formation with Magnesium Chloride

0 : O O ,\
= I | COgEt a) MgC|2 ./ I | M
SN HN—<] SN
ACN, 60C
b) 50% agq ACN [
X X
3 l N |\\
80% —
2
) )
0O 0
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(m 1H), 7.28 (dd, J=8.0, 6.8 Hz, 1H), 7.40 (d, J=8.0
Hz, 1H), 7.48 (dt, J8.0, 4.4 Hz, 1H), 7.49 (ddd,

WO 2@40483270, 1.2 Hz, 1H), 7.61 (t, J=8.0 Hz, I1POT/US2088036806
(m J=2.0 Hz, 1H), 7.71 (dt, J=7.6, 1.2 Hz, 1H), 8.19
(d, J=6.6, 1H), 8.34 (s, 1H), 8.70 (dd, J=4.6, 1.8 Hz,
1H), 8.80 (dd, J=8.0, 1.9 20 Hz, 1H), 9.00 (s, 1H),

9.74 (br d, J=3.6 Hz, 1H). NMR 13C (CDC13 400MHz) 6:

6.5, 22.4, 84.6, 92.5, 113.5, 121.4, 122.0, 122.

123. 2, 125 1,

128.4, 128.6 1298 130. 7, 256

9,

__atﬁmw 139. MW 40. 4, 141. 1,4 . 149.7, . Eg
- 165.1, 177.1. Aternative Procedure Illustrating
eFormat n,wth Magnes;j Chl ori de 25 OO0/~
Penu%aé? é@ one < N 1ORE N ACN, B0C b) 5048
- aq ACN 80% NN i O -133 WO 2004/ 048377 :
PCT/U 6 Material mount Mol £33 EE
Magnsghis ?‘ﬁgg{fée P a1t a1 82 %k‘? 43 1.0 5 N%gnesu um™

chl or| de 95.22 0.231 Kg 2.43 1.0 Cycl opropyl am ne

.Cycl roﬁﬁamﬂleo 82413 Q=b 824"

| Ovpd L, Acetonitrile.sol ventioadl

Acetonitrile solvent 30L -— 30vol

16 L 16vol
Water solvent 8L — 8vol
sodium citrate 294.10 0.79 Kg 2.67 1.1

In-line filter, 1 micron

Process Description

A 72 L round bottom flask was equipped with a reflux condenser and nitrogen
sweep, and charged with penultimate ester and acetonitrile followed by magnesium chloride and
then cyclopropylamine. Reaction was heated to 60°C until complete consumption of ester.
Reaction was judged complete when esters were less than 0.5% by HPLC. Upon completion,
reaction was allowed to cool to 40°C and concentrated to ~half volume. Acetonitrile was added
while distilling out remainder of cyclopropylamine. After complete solvent switch to
acetonitrile, final volume was 8L. Water 8L was added and slurry was heated to 60°C. All
solids went into solution. Batch solution was filtered through a 1 micron in-line filter while
warm into a 22 L round bottom flask, then allowed to cool to 22°C. Slurry was filtered and
solids dried in vacuum oven at 50°C under nitrogen stream overnight to give 0.82 Kg of ‘191,
80% yield.
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10 16 L I 6vol Water solvent 8 L --- 8vol sodium
citrate 294.10 0.79 Kg 2.67 1.1 15 In-line filter, 1
wore@rom37Pr ocess Description 20 A 72 L round bPCT/O82003/036806
flask was equi pped with a reflux condenser and
nitrogen sweep, and charged with penul tinmate ester
and acetonitrile foll owed by magnesi um chl ori de and
t hen cycl opropyl ani ne. Reaction was heated to 60C
unti | conpl ete. consunption of ester. Reaction was
RIS were | ess than 0.5% by
“eaction was al |l owed to cool
to 40C and concentrat ed to -half volume. Acetonitrile
added 25 le distillin remai nder
Mﬁ%@?@vpropyla . After con‘ﬁgggﬁ-tsol vent svag&ﬁ-to Eq
acetonitrile, final volume was 8L. Water 8L was added
r@;}:lqj rry wagohgated to 60Q % solids wegpt into 1
Co 0 lIJltalbgn. Batcﬁmgol uti on was %Gﬂ( ered through a 1 10
mcron in-line filter while warminto a 22 L round

‘Ethaeit om 1 ask, sdifvgn al | owed tagicool to 22C. Slurry wasols

filtered and solids dried in vacuum oven at 50C under
nitrogen stream overnight to give 0.82 Kg of 191, 30
80% yi elAl72 L rb3dd bifon2 €18k WS pPCWitHS2RABK 03Hd@Aer and nitrogen

oweSf SR BharBEELUR AU H 2R 88 EAIMOAMY X MBI 8159 Wi stiming

until regrys@ilivation wasremplete? ole@rysta-lhmtlgw vlag jullgee tq be mmtdete when greater

tharP9j% ®0Hh |A@§)ksd@5st$tg Wé\gg%gdﬁg Eg)@WéﬂQﬁ’ﬁhH%O&M? N§RE b@d@l‘ij was allowed

t0 CRRIHATAIC, tegm i e Ricon Bt v s T eh G OYPre B v ecaim oven at S0°C

- under a nitrogen stream overnight to give 0.74 Kg of the desired form. The solids were co-

milled through a size 12 mesh to provide fluffy white solids 0.719 Kg.

PDE-4 INHIBITOR EXAMPLE 2
O O
X N
o H
N N
x
()
IXa Z

N-Cyclopropyl-1-{3-[(prvidin-3-yl)ethynyllphenyl }-4-ox0-1.4-dihydro-1,8-naphthyridine-3-
carboxyamide (Compound IXa)

Compound IXa was prepared by following the procedure as
described for Example 1, with the exception that 3-bromopyridine was substituted

for 3-bromopyridine-N-oxide.
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until recrystallization was conplete.

Recrystallization was judged to be conpl ete when
w@e@anes377 t han 95% Form A by sol i d-state NVR apdr/vg2003/036806

powder diffraction X-ray. The batch was allowed to

cool "'to 22C, then filtered to collect white solids

whi ch were dried in a vacuum oven at 50C under a

nitrogen streamovernight to give 0.74 Kg of the

desired form The solids were co 15 mll ed through a

'size 12 mesh to provide fluffy white solids 0.719
PDE- 4 | RSBV TEROBSAMRREfaieoT which W OPIORD o dhose skitled in the

art, ab¥ W&EQ% %?l: ahd {efﬁcﬁlﬁ@d' dfﬂtﬁll's Rmnfibn. This invention is not to be limited
en

féﬁ gl ﬁdro 1, 8- napht hyri di ne- 3-
mwe@éFB 1%3“( ﬁ%ﬁﬁﬁ %) Cbnpound | Xa was prepar ed
by fO||OMAng the procedure as 25 described for
Exanple 1, with the exception that 3-bronopyridi ne was
substituted for 3-bronopyridi ne-Noxide. -135 WO
2004/ 048377 PCT/ US2003/ 036806 Ot her variations or
nodi fications, which will be obvious to those skilled
in the art, are within the scope and teachings of this
invention. This invention is not to be limted except
as set forth in the following clains. -136 WO
2004/ 048377 PCT/ US2003/ 036806 WHAT IS CLAIMED | S:
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1. A nethod of preparing a conpound of preparing a
conpound of the fornmula I X and Fornmula I Xa: 5 OO 0O
wWo200404837N N N b", N+~O N | X Va conprising 1PCBUS®0EN36806

reacting, in solvent A a conpound of Formula Va O O

ORL NN Va 15 wherein -OR1 is a suitable |eaving
group; and solvent A is dinethyl am noacet am de,

di met hyl f ormam de, acetonitrile, DVSO,

nmet hyl acet am de, ethers or m xtures thereof; with a

C yrmula VIl or Formula Vila 20 -137 WO
WH&@S%%%@P E%T/ US2003/ 036806 Br Br N
| 1. A method of preparing a compound of preparing a compound of the

formula IX and Formula IXa:

\O/[(J)\A \.O OA

N N
| | — 1] H
N N7 NT N
<
x
X P X
XNt . <N
IX \ Y IXa \./

comprising
10  Step C: reacting, in solvent A, a compound of Formula Va

O O
X OR’
O T
N~ N
X
Va

- 15 wherein
-OR! is a suitable leaving group; and
solvent A is dimethylaminoacetamide, dimethylformamide, acetonitrile, DMSO,

methylacetamide, ethers or mixtures thereof;
with a compound of Formula VII or Formula VIla

20
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O. HCL VIl Vila in the presence of a palladium

catal yst and a phosphine ligand in am ne base to yield
wa2@anpssand of Fornmula VII1T or Fornula Villa BCUS0B/6806
ORI V1 OR NNNN~NON VIII ) Villa 2. A

met hod according to claim1 wherein the phosphine
ligand is P(Cl-6alkyl). 10 3. A nethod according to
claim1 wherein the palladiumcatalyst is selected
from the group consisting of , the palladi um catal yst
sel ected from P(t xhutyl)3-Pd-P(t-butyl)3,

[PdC (al lyl)] 2, Pg a3, and [P(t ty) 3PdBrl1 2.
4. A nmethod accordin tol | ai m 1 -wheriei n |t he nol ar
rati o of the conpoun 15 'Formul a o Fornula VII
-or Vlla is approxi mateI&?/ 1:1.5to 1.5 to 1. 5. A

met hod according to cl & m«1HG&herein the ratio of nolar
equi val ents of amine base per nole of conmpound of
Formula VI or Vila isVl:1 to 3.5:1. 2¥l!8. A net hod
according to claim1 wherein the nolar ratio of

i oot SEh Sk o oS4 a0 yield  compound
of Fdoah{aUPa0 03/M3m8R6VIIIa A nmet hod according to claim1
wherein step Cis carried out at 40 to 70C. 8. A

nmet hod acgording to claim1 further c riging: Step
D: reacti g,bijaysol vent B a conpound o Il
it

Formmul a VI

or V| &qppropyl am ne,
|
N~ N7
]
A
X .
\ \N+/O
vill | %

2. A method according to claim 1 wherein the phosphine ligand is P(C1-6alkyl),

3. A method according to claim 1 wherein the palladium catalyst is selected from
the group consisting of , the palladium catalyst selected from P(t-butyl)3-Pd-P(t-butyl)3,

[PACl(allyl)]2, Pdp (dba)3, and [P(t-butyl) 3PdBr] 2,

4. A method according to claim 1 wherein the molar ratio of the compound of

Formula Va to Formula VII or VIIa is approximately 1:1.5 to 1.5to 1.

5. A method according to claim 1 wherein the ratio of molar equivalents of amine

base per mole of compound of Formula VII or VIIa is 2:1 to 3.5:1.

6. A method according to claim 1 wherein the molar ratio of Palladium catalyst to

compound of Formula Va is 0.05:1 to 0.10:1.
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5 optionally in the presence or of a catalyst to yield
a conpound of Fornmula I X or I Xa. 9. A nethod according

W 000a/0883m1 8 wherein solvent B is a Cl-8al kanol PEDUSIN$/036806
or acetonitrile. 10. A nmethod according to claim8
wherein the catalyst is selected fromButyl 10
phosphite (BuO) 3P and magnesi um chloride. 11. A nethod
according to claim8 wherein nolar ratio of

cycl opr opyl amine to conpound of Forrmula VIII or Villa
is at ,?a

wher ei n S?xerﬁélt 5 gclcgg ?l%ﬁ} png %ﬁ?g&gg%cﬁrﬂigbéﬂ 4148 to 70°C.

nmet hod according to cl al m 8 wherein reaction step C

and reagti\gp t§&(?QCCQI‘dl fo 4& lﬁﬂﬂﬁ%oﬁl i@ngl ngl e pot
wi t hout puri lcation o 1 SO atlono oduct .of
Step$1 ergacting: inogvolept B groomweund gt HpmmHulasy &) Ug%) %ﬁ cyclopropylamine,

oPtldE%ﬁguﬁﬁthe tp?és@?lc% dr Of b BRElySOOREdIS b @lm@bemcmf RepRUxdodia.
Xwth a conversion solvent to recrystallize

the conpound of Fornmula I X or | Xa. 15. A nethod
accor di g At methbdrenofdingkreslaim therain salees Bois adel- S%IH%HOI solvent or
elected 25 fromdry ethanol, nethanol,
ace“NPWi? hyl pyrrol i di none, trifluoroethanol, methyl
t - but y| 1@t Aenetbod aqvoxding toeclaiie$ sberein de catahist uﬁ@@le@ﬁd from Butyl

pho Hﬁé@d P%n&%ﬁ?ﬁéﬂi\ﬁn@ﬁloﬁ@éﬂwa IX or IXa - 139 WO
004 77 PCT/US2003/ 036806 OO OO NN NNNN -
‘N+10 N 11X | Xa

11. A method according to claim 8 wherein molar ratio of cyclopropylamine to

compound of Formula VIIT or VIIIa is at least 1:1.
12. A method according to claim 8 wherein step D is carried out at 40 to 60°C.
- 13. A method according to claim 8 wherein reaction step C and reaction Step D
are carried out in a single pot without purification or isolation of the product of Step C prior to

proceeding with Step D.

14. A method claim 8 further comprising mixing compound of Formula IX with a

conversion solvent to recrystallize the compound of Formula IX or IXa.
15. A method according to claim 14 wherein the conversion solvent is selected
from dry ethanol, methanol, N-methylpyrrolidinone, trifluoroethanol, methyl t-butyl ether or

mixtures thereof.

16. A method of purifying a compound of Formula IX or IXa
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conpri sing: conbining a conpound of Forrmula I X or | Xa

wi th an anmount of a conversion solvent sufficient to
wa@eapemsi7t he conpound and recrystallize said cPOpUSIVd3/036806

of Formula I X or 5 IXa. 17. A nmethod according to

claim 16, wherein the conversion solvent is selected

from di net hyl f ormam de, di net hyl acet am de,

N- et hyl pyrrol i di none and Cl-4al kanol. 10 18. A nethod

according to claim 17, wherein the conversion solvent

has a water g conyent of less than 5% -140 o

SOnE

N° N

~ comprising: combining a compound of Formula IX or IXa with an amount of a conversion

solvent sufficient to suspend the compound and recrystallize said compound of Formula IX or
IXa. '

17. A method according to claim 16, wherein the conversion solvent is selected
from dimethylformamide, dimethylacetamide, N-methylpyrrolidinone and C1-4alkanol.

18. A method according to claim 17, wherein the conversion solvent has a water
content of less than 5%. '
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