(54) Title: 4-PYRI DI NYL-N ACYL- L- PHENYLALANI NES Abstract: Conpounds
of Formula (1) are disclosed wherein Rlerr]-Rerf] are as defiJHegl2¢f t he
application and which have activity as inhibitors of binding between
"VCAM 1 arviOd®eHIMSexpressi ng VLA-4 and, therefore, are uselPGI/EPV/IBIEati ng
di seases whose synptons and or danage are related to the binding of VCAM1
to cells expressing VLA-4, such as chronic inflammtory di seases. 4 June
2004 WO 01/ 42215 PCT/ EPOO/ 11979 4- PYRI-DI NYL- N- ACYL- L- PHENYLALANI NES

Vascul ar cell adhesion nolecule-i (VCAM1), a nenber of the 5

I mmunogl obulin (1g) supergene famly, is expressed on activated, but not
resting, 4-PYRIDINYT-N-ACYL-L-PHENYIALANINES

Vascular cell adhesion molecule-1 (VCAM-1), a member of the
5 immunoglobulin (Ig) supergene family, is expressed on activated, but not resting,

endothelium. The integrin VLA-4 (0f;), which is expressed on many cell types
including circulating lymphocytes, eosinophils, basophils, and monocytes, but not
neutrophils, is the principal receptor for VCAM-1. Antibodies to VCAM-1 or
VLA-4 can block the adhesion of these mononuclear leukocytes, aswellas

10 melanoma cells, to activated endothelium in vitro. Antibodies to either protein
have been effective at inhibiting leukocyte infiltration and preventing tissue damage
in several animal models of inflammation. Anti-VLA-4 monoclonal antibodies
have been shown to block T-cell emigration in adjuvant-induced arthritis, prevent
eosinophil accumulation and bronchoconstriction in models of asthma, and reduce

15 paralysis and inhibit monocyte and lymphocyte infiltration in experimental
autoimmune encephalitis (EAE). Anti-VCAM-1 monoclonal antibodies have been
shown to prolong the survival time of cardiac allografts. Recent studies have
demonstrated that anti-VLA-4 mAbs can prevent insulitis and diabetes in non-
obese diabetic mice, and significantly attenuate inflammation in the cotton-top

20 tamarin model of colitis. It has further been shown that VCAM is expressed on
endothelial cells of inflamed colonic tissue in 2 TNB/ethanol rat model of
inflammatory bowel disease (Gastroenterology 1999, 116, 874-883).

Thus, compounds which inhibit the interaction between 0y4-containing
25 integrins and VCAM-1 will be useful as therapeutic agents for the treatment of
chronic inflatnmatory diseases such as rheumatoid arthritis (RA), multiple sclerosis
(MS), asthma, and inflammatory bowel disease (IBD). The compounds of the
present invention do have this effect. '
30 As used in this specification, the term "halogen” means any of the four
halogens, bromine, chlorine, fluorine, and iodine unless indicated otherwise.

Preferred halogens are bromine, fluorine, and chlorine.
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PCT/ EPCQ 119 7thesepobitivriseThis'is dlvetruabkyd, and Rbsone or in conbi nation, nmeans a

straigﬁ%-chain or branched-chain al kyl group containing one up to a
maxi mumof six carbon atons (Cl-CS), such as nethyl, ethyl, n-propyl,

i sopropyl, n-butyl ThesemSiayslbalkyld Gdrdbyer cyclbaiichl) bneayd an unspbstitited o2- hexyl and
the like. 5

substituted 3- to 7-membered carbacyclic ring. Substituents useful in accordance
- with the present invention are hydroxy, halogen, cyano, lower alkoxy, lower
alkanoyl, lower alkyl, aroyl, lower alkylthio, lower alkyl sulfinyl, lower alkyl

20 sulfonyl, aryl, heteroaryl and mono- or di lower alkyl substituted amino.

The term "lower alkenyl" means an alkylene group having from 2 to 10

carbon atoms with a double bond located between any two adjacent carbon atoms.

25 The term “lower alkoxy” means a straight-chain or branched-chain alkoxy
group containing a maximum of six carbon atoms, such as méthoky, ethoxy, n-

Propoxy, isopropoxy, n-butoxy, tert-butoxy and the like.

The term “lower alkylthio™ means a lower alkyl group bonded to the rest of
30 the molecule through a divalent sulfur atom, for example, a methyl mercapto ora
isopropyl mercapto group. The term “lower alkylsulfinyl" means a lower alkyl
group as defined above bound to the rest of the molecule through the sulfur atom
in the sulfinyl group. The term "lower alkyl sulfonyl" means a lower alkyl group as
defined above bound to the rest of the molecule through the sulfur atom in the
35 sulfonyl group.
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The term “heteroaryl” means an unsubstituted or substituted 5- or 6-
membered monocyclic heterecaromatic ring or a 9- or 10-membered bicyclic
heterecaromatic ring containing 1, 2, 3 or 4 hetereoatoms which are independently

20 N, § or O. Examples of hetereoaryl rings are pyridine, benzimidazole, indole,
imidazole, thiophene, isoquinoline, quinzoline and the like. Substituents as defined
above for “aryl” are incdluded in the definition of heteroaryl.

The term “lower alkoxycarbonyl” means a lower alkoxy group bonded viaa
25 carbonyl group. Examples of alkoxycarbonyl groups are ethoxycarbonyl and the
like.

The term “lower alkylcarbonyloxy” means lower alkylcarbonyloxy groups
bonded via an oxygen atom, for example an acetoxy group. This has the same

30 meaning as the term "acyloxy".

The term “lower alkanoyl” means lower alkyl groups bonded via a carbonyl
group and embraces in the sense of the foregoing definition groups such as acetyl, '
propionyl and the like. The term "perfluoro lower alkanoyl" means a perfluoro

35 lower alkyl group (a substituted lower alkyl group where all of the hyﬂrogens are
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nmeani ng as tpg The term "l ower al kanoyl" neans | ower al kyl
groups bonded V|a A ca o yI group and enbraces in the sense of the
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substituted | ower drogens June 2004 WO
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Pharmaceutically acceptable salts are well known in the art and can be made

term"perfluoro I?.g?&rﬁ_l &q;l{:}[ ?',@Igéhétg lg} group (a

by conventional methods taking into account the chemical nature of the
compound. Examples of pharmaceutically acceptable salts for acidic compounds

20 are alkali metal or alkaline earth metals such as sodium, potassium, calcium,
magnesium, basic amines or basic amino acids, ammc;hium or alkyl ammonium
salts. Particularly desirable salts for compounds of this invention are sodium salts,
e.g. where R® is H. The sodium salt of any acid of this invention is easily obtained
from the acid by treatment with sodium hydroxide. For basic compounds,

25 examples are salts of inorganic or organic acids such as hydrochloric, hydrobromic,
sulphuric, nitric, phosphoric, citric, formic, fumaric, maleic, acetic, succinic,
tartaric, methanesulfonic, and p-toluenesulfonic acid.

The present invention comprises a compound of formula I:
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Re B v,y |
wherein: Rz and Ra3 are independently hydrogen, lower alkyl, lower alkoxy,
10 cycloalkyl, aryl, arylalkyl, nitro, cyano, lower alkylthio, lower alkylsulfinyl, lower
alkyl sulfonyl, lower alkanoyl, halogen, or perfluorolower alkyl and at least one of
Ry and Ry3 is other than hydrogen, and Ra4 is hydrogen, lower alkyl, lower alkoxy,
aryl, nitro, cyano, lower alkyl sulfonyl, or halogen;
Y-2 is a group of the formula Y-2, which is a five or six membered heteroaromatic
15 ring bonded via a carbon atom to the amide carbonyl wherein said ring contains
one, two or three heteroatoms selected from the group consisting of N, O and S and
one or two atoms of said ring are independently substituted by lower alkyl,
cycloalkyl, halogen, cyano, perfluoro lower alkyl, or aryl and at least one of said
substituted atoms is adjacent to the carbon atom bonded to the amide carbonyl;
20 Y-3 is a 3-7 membered ring of the formula:
R25
Q——

™

Y-3

wherein: Rys is lower alkyl, unsubstituted or fluorine substituted lower alkenyl, ora
group of formula Ree—(CHale~ R ¢ is aryl, heteroaryl, azido, cyano, hydroxy, lower
alkoxy, lower alkoxycarbonyl, lower alkanoyl, lower alkylthio , lower alkyl sulfonyl,
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aryl, arylalkyl, nitro, cyano, |ower alkylthio, |ower alkylsulfinyl, |ower
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6 rrerrber ed Ledour, aﬁdaﬂxs ahdhrgadyahDto 8§ ng opt i onal | y cont ai ni ng one

addi ti onal oat om sel ec n N; Re- 2)f o,
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15 Rs is hydrogen, lower alkyl, lower alkoxy, trifluoromethyl, or OH,
R, is hydrogen, lower alkyl, lower alkylcarbonyloxy lower alkyl,
or Rgis a group of formula P-3:
Raz

] R
~CHp) n—ﬁ"'(c Hog N,
Re  p3

wherein: R3; is hydrogen or lower alkyl Rss is hydrogen, Tower alkyl, aryl, Ra, is

20 hydrogen or lower alky), h is an integer from 0 to 2, g is an integer from 0 to 2, the

sum of h and g is 1 to 3; or R is a group of formula P-4:
~<CHy) n-cizna-eICHz)g-O-
H P-4

wherein: R3,, g, and h are as previously defined, Q' is O, S, -(CH,);-, or a group of
the formula N-R35 Rss is hydrogen, lower alkyl, lower alkanoyl, lower

25 a}koxycarbohyi,j is 0, 1 or 2, Ry is hydrogen, chloro, lower alkoxy, or lower alkyl.
Preferably Q is -(CH;)¢ O-, -(CH2)¢S-, or -(CHa)s- (Formula 1a). Itis also preferred
in compounds of formuta I or Formula 1a that Rs is hydrogen, lower alkyl, or
trifluoromethyl (Formula 1b).



10 ring are unsubstituted or substituted by | ower alkyl or halogen, e is an
integer from 0 to 4, and f is an integer fromO0 to 3; R2 |S4H9Eﬁ’8@%

| ower al kyl, substituted |lower alkyl, aryl, or aryl lower alkyl, R3 is

hydr ogen,wwgm, | ower al kyl, or aryl, and may al so i nCIPGAEP00/11979
trifluoronmethyl, R4 is hydrogen, halogen, |ower alkyl, or aryl, 15 R5 is

hydr ogen, |ower al kyl, |ower al koxy, trifluoromethyl, or OH R6 is
hydr ogen, | ower al kyI I ower al kyl carbonyl oxy |ower alkyl, or R6is a
group of fornmul a Phécordpounds othe ikvdtiofiddd Siflas sthredisomiaRraidn: R32 is

hydr ogen or | ower al k I s hydrogen, | kyl yl, R34 is 20
hydr ogen or Foﬁ!ei'éyilu %’IP‘E aquﬁ?@g@ﬁsejrw\gﬁm §§°Ee°€é‘F§I§ﬁnﬁ nteger from
0 to 2, the gyitfn.h and g is 1 to 3; or R6 is a group of-fornula P-4: R
M-(CH2)ti C (CHZ)s R __~" HP-4 wherein: R32, g, and h are as previously
defined, Q is 0, S, -(CH2)J-, or a group of the formula NNR35, R35 is
hydr ogen, | owery, glgk efh@&@émﬁb&ﬁ‘%%fthk@%ﬁo&ﬁi@%ﬁﬁﬁlﬁ@rWa 1d,0ks 0, 1
or 2, R7 is hydrogen hl oro, | owex al koxy, r alﬁér ferably Q
is -(CH2) f Tormul %@i&ﬂ@YﬂI@Sﬂ{%ﬁzﬂk&’ ewmgwgail\éﬁ Rsji¢ hdrogen, “ﬁ‘f"ef erred

I n conpound | ower al kyl,
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or trifluoro ¥b:£lF0rmJ

The conpounclsfefﬁab(h pgereRs ﬁé\YdE%ﬁnéQWQIt"]]@@ tsflucrometiyhar
di ast er eoner bt € DEFERRS h§akopkd, R i i (oyeX:) ‘Qé A present
I nventi on. 5§dldr11@3aﬂ ‘lgfrogtep JS]’P’caalrreﬁi']’enbo ?nz O\gb IRtGhnggo undoofr formula I,
Formullf |a, @dRmhﬂ@paemshlor@ lowenralipxp.o °W¢1'G\Pﬁ'}- al kyl, or aryl |ower
alkyl, R3 is hydrogen, lower alkyl, or trifluoronethyl, preferably

hydrogen, R4 is hydrogen or hal ogen, preferably hal ogen, Rs is hydrogen,
| ower al kyl, t A Sbenprsfamed embodimgnt of the first preferred embodiment of the

present invention is a compound of the formula I, 1a, or 1b:

15
wherein R, isa group Y-1

Re 22 Y-1
wherein Rp2 and Rp3 are independently hydrogen, lower alkyl, lower alkoxy,
cycloalkyl, aryl, arylalkyl, nitro, cyano, lower alkylthio, lower alkylsulfinyl, lower
20 alkyl sulfonyl, lower alkanoyl, halogen, or perﬂuorolower alkyl and at least one of
R22 and R23 is other than hydrogen, and R4 is hydrogen, lower alkyl, lower
alkoxy, aryl, nitro, cyano, lower alkyl sulfonyl, or halogen, more particular R;; and
Ry3 are independently lower alkyl or halogen and Ry, is hydrogen or lower alkoxy;
or wherein Ry; and Ry; are independently hydrogen, lower alkyl or halogen and Ry,
25 is hydrogen, lower alkyl or lower alkoxy, especially hydrogen. In such compounds,
it is preferred that R, is hydrogen, lower alkyl or aryl lower alkyl, especially aryl-




addi tion be | ower al koxy, but is preferably hydrogen, R6 is hydrogen or

| ower al kyl, 10 and R7 is hydrogen, chloro, |ower al koxy, ofJuo&@d0hl|ryl.
A further preferred enbodi nent of the first preferred enbodi ment of the
‘present iwO@MH220% is a conpound of the fornmula I, la, or BOT/ER6N/1IERRE6 HN-
R, Owherein R, is a group Y-1 Y-1 wherg n R22 and R23 are independently
hydr ogen, |ower al kyl, |ower al koxy, cydoalkyl, aryl, arylalkyl, nitro,
cyan, lower alkylthio, |ower alkylsulfinyl, |Iower 20 al kyl sulfonyl, | ower

al kanoyl , hanbﬂaankquuowéﬂ Hena o@!dkmsﬁ&&xﬁathﬁqétmyﬁﬁ §dn; R%2 and R23
I s ot her thaﬁ\ hydrogen, and R24 js dr ogen, E}lﬁl\é\ﬁr al ky | oner aI koxy,
1%

~aryl, nitro, WB’O‘JW%RWWM bel@ é@ﬁpfﬁ%@}bﬁﬁl@l%mar R22
and R23 areR;@H?ca%gdﬁmvb&aimxetﬁﬂwbnefhyh%m&?%a&ﬂug%eu&wé} &gen or

| ower al kox} — or whérein R22 R23 are independent!y_hydrogen,

al kyl or hal @géareéﬁﬁebllf@lwé@aeg),&am@éﬂsm aslpveraliglen Rof ogak oxy,
especiglly hﬁﬂﬁgg@ﬂmrﬂﬁmau&mogggg&wpds it is preferred that R2 is

hydr ogen, |ower al kyl or aryI | ower al kyl, especially aryl 4 June 2004 WO
01/ 42215 8 PCTI EP00111979 lower allW. Mreover, a such conpounds it is
preferred thal Ry nforbyfRaRnmbiitn: SpifE Bﬁ‘é‘éhtuﬁrenﬁ@ﬁﬁgﬁd&mﬂf FEf |
addition be |ower alk (but preferabl hal ogen);. R5 i1s hydrogen, |ower
al kyl, or trth qu*@mbi:ﬁw ulade, reRormula ahqvewhsr@m Mvier geupokal  (but
preferably isiydrogen); R6 is hydrogen or |ower alkyl; and R7 is hydrogen,
chl oro, | ower koxy, or |lower alkyl. A nore preferred enbodi nent of the
present inve Is a conmpound of the formula 1, Fornula 1 a, or Formul a
| b above wheRgiLARL is a group Y-1 pin 4 10 Y-1 wherein R22 and R23 are

i ndependent | ,,hyd®sgen, |ower al kyl or hal ogen,

10 Y-1
wherein R22 and R23 are independently hydrogen, lower alkyl or halogen,

especially lower alkyl or halogen; Rp4 is hydrogen, lower alkyl or lower alkoxy,
especially hydrogen. In such compounds, it is preferred that R; is hydrogen, lower
alkyl or aryl lower alkyl;R; is hydrogen; Ry is hydrogen or halogen, Rs is hydrogen,

- 15 or lower alkyl, R; is hydrogen or lower alkyl; and R; is hydrogen, chloro, lower
alkoxy, or lower alkyl. In particularly preferred compounds of this more preferred
embodiment R272 and R23 are independently hydrogen, lower alkyl or halogen, Rp4
is hydrogen or lower alkoxy, and R; is aryl lower alkyl. Alternatively, in such
compounds, it is preferred that R; is hydrogen, lower alkyl or aryl lower alkyl; R; is

20 hydrogen; Ry is hydrogen, or halogen, or may in addition be lower alkyl (but

preferably is halogen); Rs is hydrogen, lower alkyl, or trifluoromethyl, or may in
addition be lower alkoxy (but preferably is hydrogen); Rs is hydrogen or lower
alkyl; and Ry is hydro;gen, chloro, lower alkoxy, or lower alkyl.

25 Another preferred embodiment of the present invention is a compound of
the formula I, Formula 1a, or Formula 1b above, especia]ly of the ﬁfst preferred
embodiment, wherein R, is 2 five or six membered heteroaromatic ring bonded via
a carbon atom to the amide carbonyl wherein said ring contains one, two or three
heteroatoms selected from the group consisting of N, O and S and one or two

30 atoms of said ring are independently substituted by lower alkyl, cycloalkyl, halogen,
cyano, perfluoro lower alkyl, or aryl and at least one of said substituted atoms is

adjacent to the carbon atom bonded to the amide carbonyl. In such compounds, it




especially I ower al kyl or halogen; R24 is hydrogen, |ower alkyl or |ower

al koxy, especially hydrogen. In such conpounds, it is prefefdete 20t R2 is
hydrogen, |ower alkyl or aryl lower alkyl-,R3 is hydrogen; R4 is hydrogen
or hal ogeWO #5221 hydrogen, 15 or lower alkyl, R6 is hydr REIVERSP/I19GNer

al kyl; and R7 is hydrogen, chloro, |ower® alkoxy, or lower alkyl. In
particularly preferred conpounds of this nore preferred enbodi nent R22 and
R23 are independently hydrogen, |ower al kyl or hal ogen, R24 is hydrogen or

| ower al koxyis partitulazlyiprefarrgd thao Re is lyllkogen, 18iveralkyd toiraefl Jower alkylyBhisconpounds,
it i f th ' lkyl . V4l | kyl; R3 i
20 hydr ogen: RHasd Ry fragie & RGP et oS B BSHEe Toner alkyl
(0 By o somemch miome it il gl o s
icostn A A e S e R

) O 0 1S € O S y
pr esent invgctj;_!(’)n s a cgﬁr‘g)gund (%I tr})e fignrl.mélﬁ.ﬁ bFﬁgr nyrl%,i?% el For mul a
b above, esBEPETS B+ BRVAREP: P delosen it dfinslbalnte FRARMn e is a
i de. car bori unoy €l i ca .t LA he e D o T B B hoLer 08 oD
sel ect ed fro#@%@e@%ﬁ’ﬁr ﬂ’?fQ’tu?R&?%?ﬁwﬁﬁ%ﬁ?ﬁfngﬁ%ﬁﬁﬁ%%%%“tl%ers0 atoms of
sai d ring arskylpadeiRrishpdroyers chioko, loweadlkory) sndeweradlkyt] , cycl oal kyl ,
hal ogen, cyan, perfluoro lower alkyl, or aryl and at |east one of said

substifuted atons is adjacent to the carbon atom bonded to the am de

car bonyl . Iln ISUChAﬁ@tlﬁonlbtl&f d&srediemb%d;}uﬂﬁoﬁﬂfb@r%n?ﬁ%ﬁﬁdxiﬁi;ﬁf&b@ﬁﬁlﬁ:ﬁ?m 9
is particul ar, r rfe t I s r.ogen ower . a of.,ary ower

al kyl; R3 isﬂﬁi%ga@%ﬁ;ﬁwﬁa@n%?%a@aﬁFﬁﬁ#% é?%?éﬂ??h‘i‘ﬁl ogen); R5

i s hydr ogen, foriilal Y-8 avkicteis R\3-7 fiferdbevedrring dfithe fopiad£r abl y hydrogen); R6 is
hydrogen or |o é and R7 is hydrogen, chloro, |ower al koxy, or |ower alkyl.
Al ternatively, Ssuch 5 conpounds, it is preferred that R2 is hydrogen,

| ower al kyl o | ower al kyl; R3 is hydrogen; R 4 is hydrogen, or

hal ogen, or I n addition be | ower alkyl (but preferably is halogen); R5
is hydrogen, Tower al¥%$l, or trifluoromethyl, or may in addition be | ower

ALkons( DUt RREESIBN1dr Y BAERL drlYil SOER Qe W kel Y 4 2N R

i s hydfogen, ower oxYy, ower a
) group of formula R26—(CH2le~ | Rog is aryl, heteroaryl, azido, cyano, hydroxy,
lower alkoxy, lower alkoxycarbonyl, lower alkanoyl, lower alkylthio , lower alkyl
sulfonyl, lower alkyl sulfinyl, perfluoro lower alkanoyl, nitro, or Ry is a group of
formula -NR28R29, wherein R2§ is hydrogen or lower alkyl, R29 is hydrogen, lower
20 alkyl, lower alkoxycarbonyl, lower alkanoyl, aroyl, perfluoro lower alkanoylamino,
lower alkyl sulfonyl, lower alkylaminocarbonyl, arylaminocarbonyi; or R2g and

R29, taken together with the attached nitrogen atom, form a 4, 5 or 6-membered

saturated heterocyclic ring optionally containing one additional heteroatom
selected from O, S, and N-Ryg. Q is -(CH2)f O-, -(CH2)f S-, -(CH2)f N(R27)-,

25 -(CH2)f, R,; is H, lower alkyl, aryl, lower alkanoyl, aroyl or lower alkoxycarbonyl,
R,, is H, lower alkyl, aryl, lower alkanoyl, aroyl or lower alkoxycarbonyl, the carbon
atoms in the ring are unsubstituted or substituted by lower alky! or halogen, eisan
integer from 0 to 4, and fis an integer from 0 to 3. In such compounds, it is
particularly preferred that R; is hydrogen, lower alkyl or aryl lower alkyl; R; is

30 hydrogen, lower alkyl or trifluoromethyl; Ry is hydrogen or halogen (preferably
halogen); Rs is hydrogen, trifluoromethyl, or lower alkyl (preferably hydrogen); Rs
is hydrogen or lower alkyl; and Ry is hydrogen, chloro, lower alkoxy, or lower alkyl.




Anot her preferred enbodi mrent of the present invention is a conpound of the
formula |, Fornula la, or Formula | b above wherein Rl is a gfdupe 3804 he
formula Y-3 which is a 3-7 menbered ring of the formula: R25 Q Y-3 15

- wher ei n FRO sig2didwer al kyl , unsubstituted or fluorine subgCrmEPo@tioroWer

al kenyl, or a group of fornula R26--(CHgge , R26 is aryl, heteroaryl,

azi do, cyano, hydroxy, |ower alkoxy, |ower al koxycarbonyl, |ower alkanoyl,
| ower al kylthio , lower alkyl sulfonyl, |ower alkyl sulfinyl, perfluoro

| over al kan%m%rd,pmarcheaggoanas ar@yﬁfefedtﬁarmﬁ w%ﬁm aesei N R28
i s hydrogen or_ | ower ogen, | ower % , . L ower

al koxycar bonWl ower/@k}r aRar@ahWrogeraﬁ?ew deesepr erdraéogeemerrmarr@aqﬂél;/%mb%o,

| ower al kyl IshulogBhIRER 18v¥ Akgingcar bonyl ;' or R28
and R29, ta en toget %brz’lrtheogttac nrtr%’gen a%lg}m forma 4,5 or

6- menber ed mlgrqn@hylaarenwadéluomrhg 1@‘{6@1' abeny (Gutpraferably kdydragemdidi t i onal
het t ﬂ[;pR f s,
?CI?I;;) &En R2 %ﬁﬁ%}g’g‘ﬂ% éﬂ%m ¥ a]ﬁyl ﬁshﬁﬁ%gs\rgrc h% Wgt}ar y‘?‘y ?rol&regrbpé kanoyl

aroyl or alkoxycarbonyl R40 is H, |ower aIkyI aryl, | ower

al kanoyl , aroyl or | ower alkoxycarbonyl the carbon atons in the ring are

unsubstrtuted or substituted by | ower aIkyI or halogen, e is an |nteger

fromO to 4, and A mage prefemedepabodiment of the pesentinvanénn donewpeind oft |

partrcularly | ower
ib%%ﬁ%ﬂﬁﬁ&&th?%cﬁ%ohﬁPEMﬁaBgﬁ?eq%QM§$oP&¥E&¥9%d@5ri

al kyl ; rogen, l'ower a onet R4 1's hydrogen or
hal 0ga (pretfmbmhmynt, Miersire R) is algﬁouEOWdeIg'eﬂaYﬁasfdeﬁOﬂbmmmormr | ower

al kyl (pref !}‘I hy mﬂqﬂg?ﬂ] r alkyl; and R7 is
hydr ogen, ﬁé%ﬁo o%gﬁg%ggﬁmgﬁeomr ky{? Orﬁ’%ne 2004 WO 01/ 42215
PCT/ EFOQ 11979 R25) Alternatively, in such conpounds, it is preferred that
R2 is hydrog | ower al kyl or aryl lower alkyl; R3 is hydrogen; R4 is
hydr ogen, ogen, or may in addition be |ower alkyl (but. preferably

i s hal ogen) LRET- i s hwdsogen, |ower alkyl, or trifluoronethyl), or may in
addi tion be | ower al koxy (but preferabIM I's hydrogen); 5 R6 is hydrogen or
| ower al kyl ; whareinE?5i @rbypibf)fyemplac'ﬂﬁr S roweherairkRixg/is lowerlatiway, Qab Kyl .

-{CH2)£, e is an integer from 0 to 4 and fis an integer from 0 to 3; Such

15 compounds are especially preferred where R2 is hydrogen, lower alkyl, substituted
lower alkyl, aryl, or aryl lower alkyl, especially aryl lower alkyl. Such compounds
are also preferred when R; is lower a]kyllor aryl lower alkyl; Rs is hydrogen; Ry is
hydrogen or halogen; Rs is hydrogen; Rs is hydrogen or lower alkyl; and Ry is
hydrogen, chloro, lower alkoxy, or lower alkyl. Alternatively, in such compounds,

20 it is preferred that R, is hydrogen, lower alkyl or aryl lower alkyl; R is hydrogen; Ry
is hydrogen, or halogen, or may in addition be lower alkyl (but preferably is
halogen); Rs is hydrogen, lower alkyl, or triflucromethyl), or may in addition be
lower alkoxy (but preferably is hydrogen); R¢ is hydrogen or lower alkyl; and Ry is
hydrogen, chloro, lower alkoxy, or lower alkyl.

25

In any compound of this invention of formula I, Formula 1a, or Formula
1b, R; may be a group of formula Y-1 or a group of formula Y-3; R may be
hydrogen, }ower alkyl or aryl lower alkyl, preferably lower alkyl, in particular
methyl, or aryl lower alkyl, in particular benzyl, R; may be hydrogen, lower alkyl, or

30 trifluoromethyl, preferably hydrogen or lower alkyl; R, may be hydrogen or
halogen; Rs may be hydrogen, lower alkyl, or trifluoromethyl; Rg may be hydrogen,
lower alkyl, lower alkylcarbonyloxy lower alkyl, or a group of formula P-3 and may




A nore preferred enbodi mrent of the present invention is a conmpound of
-fornula |, Forrmula la, or Formula | b above, especially of th&Jgng2q04
preferred 10 enbodi nment, wherein RL is a group of the formula Y-3 as
defined MOWd/42HSre particular wherein it is a 3-7 menbePEAEPPHLIIN t he
formula: R25 QY-3 wherein RRSagr otjupof f or mul aRa (CH) e,
wherein R26 is | ower alkoxy, Qis -(CH2) f-, eis aninteger fromO to 4
and f is an integer fromO to 3; Such 15 conpounds are especially preferred

where R2 is mwaamrbeal 2v8p offoliula Bupaid Rubegbe loweeslkdlds Hydrogey, , or aryl

| ower al kyl, %ﬁ E‘i" aryI | ower al kyl. Such conpounds are al so
preferred whgfepably Bydrpgen. ” 5 kyl or aryl |l ower alkyl; R3 is hydrogen; R4 is
hydrogen or hal ogen; R5 is hydrogen |s hydr ogen or Iovver al kyl ; and R7
i's hydrogen, chloro, |ower @{g Y r al kilF Al ern v&l xb i n such
conpounds, 20 it Fangcemporago mrs@mwgl Bt>aryl

'3‘3’8[ s kﬁl olrliee ?eféﬁéﬁé&itibtunaéld?ﬂcﬁb%lyﬂﬂﬁlgﬁba hfﬂﬁhﬁdﬁleel @liovmaﬂsel n |

a ition e ower re raply._ i e en, ower
al kyl, or trngFlﬁﬁ)Wgh‘E&‘i 3 Yot ma § es Hf@?‘%@s‘%ﬂm ﬁaa%f ut

pref er abl y | iy dbyEbng Hﬂ@gen,memkw;tg.,qgﬁfdr@ged meﬁdwdy R@g\ﬁ aRfoup of

hydrogen, chl’oro, [ower al koxy, or |ower alkyl. 25 In any conpound of this

i nventi on offofaataRa(GHer, nwhaeinngxs 1d%«aerrrandoﬁy Q b, -(BH)BYR 2 igegatp Of
formula Y-1 or a group of formul a Y- 3; ybe I%/zdrogen | ower al kyl or

aryl | ower eﬁ@lOtO#r@ﬂéﬂmlﬁfmﬁnwm andfnrpréﬁteu ds lewer alkylnBa is or aryl
lover gl kyl, &# w%zwwerﬂgwaomﬁ S4hd ROV {rdxagé&yl or 30
re era

trifl uoronet ydrogen | ower R4 ‘may. be hydrogen or
hal ogen; R5 Imsr yeirloyeraikyl ypweralkyl rfa m@mﬂ%ﬂoﬁymaﬂa@ maybe

formui'a p- J@%%S’b“%%ﬁa%ﬁ@%%%%?@é# 0, ey tp 819 000 Pon
be a group aindfithe pthenis. n sagdhocomrponndsiprefe Raﬁ-ﬂd;ﬂﬂéﬁhl’@mg%éﬁ or
g{)re‘;rglf gb: y fﬁé L ReRR a]ickln RS DhyRRIERALR s B dioBlibor BMEHhI A1 18]is hRsrptorl
15 lower alkyl, and preferably Ry, and Ry are lower alkyl or halogen, especially
halogen, and Ry, is hydrogen, or Ry, and Ry3 are hydrogen or halogen, and Ry, is
hydrogen or lower atkoxy, preferably hydrogen or R; is Y-3. Particular compounds
are
N-[(2,6-dichlorophenyl)carbonyl]-4-{1,6-dimethyl-4-(trifluoromethyl)-2-
20 oxo-3-pyridinyl]-L-phenylalanine;
N-[(2-ethyl-6-methylphenyl)carbonyl}-4-[1 6—d1methy1—4—
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine;
N-[(2-(1-methylethyl)-6-methyiphenyl)carbonyl]-4-{1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine;
25 N-[(2-chloro-6-methylphenyl)carbonyl] -4-1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine;
N-[(2,6-dichlorophenyl)carbonyl]-4-(1,4-dimethyl-6-(trifluoromethyl)-2-
oxo-3-pyridinyl)-L-phenylalanine; or
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,4-dimethyl-6-
30 (trifiuoromethyl)-2-0xo-3-pyridinyl}-L-phenylalanine.

In other such compounds, R,; and Ry are preferably halogen, or lower
alkyl, Ry is hydrogen, or lower alkoxy, R25 is a group of formula Rag—(CHz)e—,
wherein Rag is lower alkoxy, Q is -(CH2)f-, e is an integer from O to 4 and fis an




5 or the preferred conpounds described in the paragraph, inmedi ately above,
the groups within Y-1 and Y-3 may be specifically selected adJiog POWs: R22
and R23 are hydrogen, hal ogen, |ower al kyI, R24 is hydrogen or |ower

al koxy, ReG0I/42285 group of fornula R29''"' (CH2)e , wher ei RCREBod/HITOVET

al koxy, Qis -(CH2) f-, eis an integery, fromO to 4 and f is an integer
fromO to 3, and/or where R2 is | ower aH< R4 is 10 hydrogen, and R3 and
R5 are | ower al kyl or trifI uor oret hyl , and R6 is hydrogen Iovver al kyl, or
| ower al kyl ¢

where R32 |sm‘r&1b5rr ﬁlgn ﬁ@a%hr g?g‘?]%&%?x’%@g ?Rﬁglt@l [‘ﬁf iegalil d

and the ot hef, e-aermﬁru ﬁﬂﬁﬁb{bﬁ{gﬂﬂﬂﬂﬂ%xo«%r &ropygr ogen,

and/or R2 is |ower I S ‘hydr ogen ?MH%Z en orgﬁal ogen and
zllcméB;

R5 i s hydrogisardlowes lsélleljﬂgen,éhds M@wraﬁﬁs,manéﬁdamf&ognl dtner
al kyl or hal gggp ﬁ@%ﬂﬂﬁ’ Igzl ogen, and R24 is hydrogen, or R22 and R23
a

are hydrogen or ogen, hydr ogen or | ower al koxy, preferably
hydrogen or RF is Y-3. Particular corrpounds are N [

2, 6-di chl h 2- 20
E)xo 3- Ip;C/rl glr(r)\sl en%@%ﬁﬁeﬁg#yéﬁfeﬁrgh ﬁﬁﬁfﬁi@fﬁ@@(%ﬁw‘i enyI ('S%tr bonyl ]
-4- [ 1,6-diHst y$agroupmffdxtnm&wﬁﬁmrmgmuﬁofﬁomﬂyﬁakhmwﬂrerdky or aryl
- L- phenyl al I | ]-4-f
1 ol met hyi YR RRS RirOedlE loues SO ob BBl St thcBbeRibe 1T s
N- [ (2- chl or ohdegest Ryis brﬁng&n). b:avdmaﬂiyl pr mﬂdoxﬁmdthykﬂ{b}sl hydirogen, lower alkyl,

trif | i : .
(2 6. & chl or BURLAAET Rk o g R o R R PR an R brdipen -.
0X0- 3- pyri dlﬁth)‘mlaﬁ@henyl aI anine; or N | (2 chl or o- 6- net hyl phenyl)
carbonyl] -4-(1, 4-dinmethyl-6- 30

(trifluoronethyl)-2-oxo0-3-pyridinyl)-L- phenylalanlne I n other such
conpounds, Ras anih R328feared compdanddl Bormalaogysthe groupk eathin Yeal &yd Y-3R2dy i S

hyd | k of .f I - 2) e- wh i
R26. o1 over P agsA EFFted iRy Rt & iR el o oy Yl <
an 4 dgme 2004 M5 eﬁz&aéwaqmo@eqq 119 Fbupldk forth@lg Pt (@S- ohedein
particul arly N-[ met hoxyet hy )cycl opently] carbonyl ] - 4-

Rog is ower alkoxy, Q is -(CH?2)£, e is an integer from 0 to 4 and fis an integer
from 0 to 3 (Formula A-1).

In a preferred compound of Formula A-1, R; is lower alkyl, R, is hydrogen,
20 and R3 and Rs are lower alkyl or trifluoromethyl (Formula A-1a). In one

embodiment of Formula A-1a, Rs is hydrogen. In this embodiment, R; may be Y-1,
especially where Ry; and Ry are halogen or lower alkyl, or R; may be Y-3. In other
embodiments of Formula A-1a, R¢ is lower alkyl, especially methyl, or is lower
alkylcarbonyloxy lower alkyl, especially 1-(acetoxy)ethyl, or is a group of formula

25 P-3 wherein Rg; is hydrogen; Ra; and Ry4 are lower alkyl, especially methyl or ethyl;
one of g and h is 1 and the other is 0.

Where Rg is lower alkyl, particular compounds are
N-{(2,6-dichlorophenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoromethyl)-2-
30 oxo-3-pyridinyl}-L-phenylalanine ethyl ester;
N-{(2,6-dichlorophenyl)carbonyl]-4-[ I ,4-dimethyl-6-(trifluoromethyl)-2-
oxo-3-pyridinyl]-L-phenylalanine ethyl ester;
N-[(2-chloro-6-methylphenyl)carbonyl]-4-{1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine ethyl ester; or



[1,6-dinethyl-4-(trifluoronethyl)-2-oxo-3-pyridinyl]-L-phenyl al ani ne,
and/or R2 is aryl lower alkyl; R3 is hydrogen, R4 is hal ogeﬁJUmrao% R6
and R7 are hyd is al so preferred that R, be Y-1. 5 1n a

particul ¥0gL/ 2éiqerred conpound of fornula |, Fornula |a, PEFERMVHATA | b,
R2 is a group of formula Y-1 or a groupiof forrrula Y-3; R2 is |lower alkyl
or aryl lower alkyl; R3 is. hydrogen, Iovver al kyl, or trifluoronethyl; R4
i s hydrogen or haI ogen; R5, is hydrogen, |ower alkyl, or trifluoronethyl;
Rs is hydrogen, ol i wer al kyl, or a
group of forpula Py@p_ CE!OWB&IB&&QI#@??%MQ%?%I a A)QmﬁkQ preferred
conpound of fteftaeromethyl}-Proxgr3on -phenylplaging ethg estey- be specifically
selected as follows: R22 and R23 are hydrogen, hal ogen, or lower alkyl, 15
R24 is hydrogen, or |ower alkoxy, R25 is a group of fornula R26- (CH2)e ,
wherein R26 is |Where Baiklowpr alyicarbongiqry-loweralkyl pariqwiar«gempoundaits t o 4

and f iss an int eoRr bl gjﬁe.;’y AcERSoRyt 2s-fr.d imbifyRa REREIbRRugpIROUNd of

Formula A-1, R2|s ower al ydr ogen, are | owner
al kyl or triexadmordionlitL-pes Wﬂlﬂ(a‘;etoxmﬂbﬁ@ﬂéﬁbodr nment of Fornula A-la,

R0 S,ydrogen. | R ((BisaISaHh M cartn yrg#ub@dgn&hﬂ-ei&m&bﬁ%mmeze R22

and R23 are hal ogen or_ | ower In other “enbodi nents
of Fornul a A01FQ33‘P|RBdJD§1]r10Eb¢DYéH1¢é}lPC 1&9@&’{%@? ¥l estethyl , or is | ower

al kyl car bonyl oxy [ VA. L¥b @X la. _a group of
formula 25 P-3 V\hg\tr)L@ Chﬁlgdme “Zir? Ré?ﬁp.gg&’%% ar e Iéov\‘/ielirrﬂug yl,
especildl |y nmethyl)-Hexedtpyridingd Rikgﬁlnhm:@ 1i(aggtepsnthybestens o s 0. \Wiere R6

Carbonyl] 4 [ 1 &?%%Pffﬁ?@@?ﬁﬂmmrﬂﬂ sl 8t opnenl)

oxo0- 3- pyri di fyifiotomstisi)Paxard- peridinyHL-pheny amne 1-(acetoxy)ethyl ester.

N-[ (2, 6-di chl orophenyl ) carbonyl] - 4- [ |, 4d|methyl 6-(trifluoronethyl)-2
oxo- 3-pyridinyl]-L-phenyl al ani ne et hyl ester N[

(2- chl or o- 6- met hyWhieeaB4 is @a?.ipenydular apmpoundgardi et hy!| - 4-

2004 i 01/ 42215 NP ERESHHBhE T toduy LR TS Atk Chlilorikah) 27 4 June

oxo-3-pyridinyl}-L-phenylalanine 2-{(N,N-diethyl)Jamino]ethyl ester;
N-[(2,6-dichlorophenyl)carbonyl]-4-[1,4-dimethyl-6-(trifluoromethyl)-2-

oxo-3-pyridinyl}-L-phenylalanine 2-[(N,N-diethyl)Jamino]ethyl ester;
N-{(2-chloro-6-methylphenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoro-

20 methyl)-2-oxo-3-pyridinyl]-L-phenylalanine 2-[(N,N-diethyl)amino] ethyl ester; or

N-[(2-chloro-6-methylphenyl)carbonyl}-4-[1,4- dimethyl-6-(trifluoro-

methyl)-2-oxo-3-pyridinyl] -L-phenylalanine 2-[(N,N-diethyl Jamino]ethyi ester.

In another preferred compound of Formula A-1, R4 is hydrogen. Itis
25 preferred that R; is lower atkyl; Rs is hydrogen; Ry is hydrogen or halogen; and Rs is
hydrogen or lower alkyl (Formula A-1b). In one embodiment of Formula A-1b, R,
is Y-1. Preferably Ry; and Ropsare lower alkyl or halogen, and Ryq is hydrogen, or Rn
and Rj; are halogen, and Ry, is hydregen, especially |
N-{(2-chloro-6-methylphenyl)carbonyl]-4-(5-chloro-1-methyl-2-oxo-3-
30 pyridinyl)-L-phenylalanine;
N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1-methyl-2-oxo-3-pyridinyl)-
L-phenylalanine;
N-{(2-chloro-6-methylphenyl)carbonyl}-4-(1,4-dimethyl-2-oxo0-3-
pyridinyl)-L-phenylalanine; or



N [ (2-chloro-6-mnethyl phenyl)carbonyl] -4- [ 1,4-dinethyl-6-
(trifluoronmethyl)-2-oxo-3-pyridinyl]-L-phenyl al ani ne ethyl eétene20fere R
is lower alkylcarbonyl oxy-Iower al kyl, particular conmpounds are 5 N

(2, 6-di cinlaeepabenyl ) carbonyl] -4- [ 1, 6-di net hyl -4-(trifleorEPmithyio) - 2-
oxo- 3-pyridinyl] -L-phenyl al ani ne 1 (acet oxy)ethyl ester, N

(2, 6-di chl orophenyl ) carbonyl] -4- A4 et hyl -6-(trifl uororret hyl ) - 2-
oxo0- 3-pyridinyl] -L-phenyl al ani ne 1- (acet oxy) et hyl ester;

R L N biabs 10
(2-chl oro- GPHm}ﬂm&_rﬁhe,nyl) carbonyl] -4- [ 1, 4- d| nmet hyI

(trifluoronethyl) oxo | I ]-L- henyl J acetloxy (E:hhyl
ester. Were R6 PE a %agg’ 15%?’%% h‘ﬂg’ﬁ ’i "N—r T driother

(2, 6-di chl oeapbaimyéntedrbanylalA-#b [R,Jis -3 u'zlﬁhhw 445-chlokd- 4nedpr2 laybi3- 2-
oxo-3-pyridinyl] -L- phen | al ani ne 2- N- di et hyl )am no] ethyl ester; N[
(2, 6- & cbl opvpdiam)tly b%mc oaqrethyl) nwﬂmypnﬂ]%-tpheﬂrld@mqeet hyl ) - 2-
ox0- 3-pyri di nyl ] -L-phenyl al ani ne 2-[ (NN- di et hyl ) am no] et hyl ester; N |

(2-chl or o- 6- et hyl phenyl ) carbonyl] -4- 1, 6- dinethyl -4- (trlfluoro 20
met hyl ) - 2 0X0- 3- mmquefqummpmdwfﬁmlpmmmmhwhmpm hyl

t I
i ot hy - 6- (R K XY ke SR04 SR ks ARIARGr it ationd of dherein
2- [ (NN-di et b&hs)&amvﬂﬁkelﬁtmxsa ?of&r&&mﬂﬂr(ﬁﬁééerwa&aﬁﬂa%ywaf For mul a
A-1, R6|shdrogen It is 25 preferred that is | ower al

hydr dfen: * R sy,@md@éﬁ)ﬁremﬂog@gerfwm0m4|agdfm19§§¢r&9m|0cmép al kyI

F la A-1b d f \Fqr f bl
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are hal ogenh: &rmgerRzli-efesableﬁ bg&'n],,eq&pﬂﬂyal ly N [ (2-chloro-6-nethyl phenyl)
bonyl] -4-(5-¢h - - |

N (2- ol or o- b ety P BRI NERP BT T T Ey e FiA-<BloBs e RaA )

L- phenyl al aparbenylNL- bh(n&ladﬂiﬁmqfe_rG net hyl phenyl ) car bo_nyl ]

6‘11;2 ‘1‘5"'Pg$} Eﬁ)(#@@?gzyl-sp 15,3 26k SRS N P ineBloxgeiple 2004 VO

cyclopentyl} carbonyl]-L-phenylalanine.

In another aspect the present invention relates to compounds of formula I

R4
H‘S 2 | R5R7
R~ N
‘ I
0
oN |
HN P,
20 P, O
wherein R2-R® and R are as defined in formula I and P; and P; each are a
protecting group. More particular, P, is a standard nitrogen protecting group such
as tert. butyloxycarbonyl (Boc) or the carbobenzyloxy grolip and P; is a standard
carboxy protecting group such as lower alkyl or substituted lower alkyl. These
25 compounds are useful intermediates in the preparation of the compounds of

formula I.

The compounds of the invention inhibit the binding of VCAM-1 and
fibronectin to VLA-4 on circulating lymphocytes, eosinophils, basophils, and



14 N- [ (2, 6-dichlorophenyl) carbonyl]

-4-(1, 4-di met hyl - 2- oxo- 3-pyri di nyl)-L- phenyl al ani ne, or R2243dunde BQM ar e
hydrogen or hal ogen, and R23 is | ower al koxy. In another enbodi nent of
-Fornul a AWOIHM2I s Y-3, especially 4-(5-cbloro-1-nethyl PCTERY/BITS
pyridinyl)-N-[[1-(2-nethoxyethyl)cycl opgstyl]carbonyl]-L-phenylalanine. In
anot her preferred conpound of Fornula A, wherein R is Y-1 wherein R22 and
R23 are hal ogen, or lower alkyl, R24 is hydrogen or | ower al koxy or wherein
R is Y-3 whey &g@?M& g)éaﬁ’quManﬁﬁgofv@m ﬂmi fibGHRtiA 1526 1S

| ower 10 al koxy I's an integer fromO and f is an

i nt eger fromV3-4-$08 suckmeélﬂfrkﬁswy tﬂbemph@wdm@mné!swp smres, sugh H§/drogen R4
'is hal ogen, gRGhnERoidRRaAR, BaltHEscdy, Qmﬁmﬂj ﬁflﬁﬂ@p&d’easﬂange -1,

especially 4- (1- Benzyl 5-chl oro- 2 0X0- 3- pyri

[ (2- chl or o- 6-PagicHiAryHE tha bindiag obersindphils fsraray snaefingiim gyhighcontributes

4- (1-Bepzyl - 35 &I&'c%& cﬁrxﬂé gumafruﬂaﬁeﬂ V)vrhlcﬁl'occ[mim]asﬁﬁla.mGQW@t hyl) -

cycl opentyl] carbon en ani ne. I n another aspect the present

i nvention relcempgup puﬁ@%uufenﬁomwouhlhelusw for e tpatpentpiag rein
R2-R$ and R are as deflned in formula | and P1 and P2 each are a
protecting group. Mre particular is a standard nitrogen protecting
group such as teﬂn&mmlsnmmhhtf%@nmgmdmpﬁgﬁégéwwy grol rp and

Eﬁblsts [ ?uftegn%E&CCE?wmﬁselgé?%&ﬂ%n%ﬁgﬂm%gﬁgg%w ?ﬂélrysyrredd)at es in the
preparHt i on afiondeptesdhpormpennds of therinvdngion wiﬂbﬂauwdnpmmméﬂt erte i nvention
pphocyt oe, MR MRl dugdee LQESLaRy G o i hoiihy SragUIARL 1O
PCT| EPO0O/ 119 mhicksare known to be assocxated with such binding. Examples of such disorders
are rheurnatoid arthritis, multiple sclerosis, asthma, and inflammatory bowel
disease. The compounds of the invention are preferably used in the treatment of
15 diseases which involve pulmonary inflammation, such as asthma. The pulmonary
inflammation which occurs in asthma is related to the activation and lung
infiltration of eosinophils, monocyteé and lymphocytes which have been activated
by some asthma-triggering event or substance.

20 Furthermore, compounds of the invention also inhibit the binding of
VCAM-1 and MadCAM to the cellular receptor alpha4-beta7, also known as
LPAM, which is expressed on lymphocytes, eosinophiles and T-cells. While the
' precise role of alphad-beta7 interaction with various ligands in inflammatory
conditions such as asthma is not completely understood, compounds of the
25 invention which inhibit both alpha4-betal and alpha4-beta7 receptor binding are
particularly effective in animal models of asthma. Furthermore work with
~ monoclonal antibodies to alpha4-beta7 indicate that compounds which inhibit
alphad-beta7 binding to MadCAM or VCAM are useful for the treatment of
inﬂammatdry bowel disease. They would also be useful in the treatment of other

30 diseases in which such binding is implicated as a cause of disease damage or

symptoms.

The compounds of the invention can be administered orally, rectally, or
parentally, e.g., intravenously, intramuscularly, subcutaneously, intrathecally or
35 transdermally; or sublingually, or as opthalmalogical preparations, or as an aerosol



nonocytes ("VLA-4-expressing cells"). The binding of VCAM1 and fibronectin
to VLA-4 on such cells is known to be inplicated in certai rft ¢

states, such as rheumatoid arthritis, multiple sclerosis, inflamatory
bowel diW@d)sw?Zlénd particularly in the bi ndi ng of eosi nBﬁWEPQOIIISMi rway
endot hel i um whi ch contributes 5 to theygause of the lung inflammtion which
occurs in asthma. Thus, the conpounds of the present invention would be
useful for the treatnent of asthma. On the basis of their capability of

hi bi t t
IS@L&PE?‘%@S‘F&SS%“?@%JM% atfll, €96t bl Plpeh s SRR Tor ¢ ne
i nvent i on clen ol adwn Stamomemp@aﬂmesanjeauorpMMmmm@s,sarbvqsms ispiagn,
respectivelyy t?cﬁﬂ%?éé! Js%a&[gﬁu%(a%gqg& of disorders which are known to-

be associ ate W th suc |nd| n '88"%f such disorders are rheumatoid
arthritis, mltiple sclerosis, ast hma and inflamatory bowel di sease The

CoMPoyNds of t el eI B 816! SLAN USRS LRSI B IENG 0Ly 10

di seases whi ch i'nvol've pu ch as :
pul nonary ﬂonhldmtThﬁﬁoMgeshmwhmhmemmmnidnfﬂmmmlnabndxdo the activation

and | un hil s an t es mh ch have
been ;c? | va%m%y%gpn%fﬁas ehma— %%’SP?‘:%'Tg og%%{m %ﬁéf@ﬁ@gy‘ﬁ | '
Fur t her nor éngredigptithelsgeaid ttheregnirements of dlegpatiemtundithe tlode bf ndi ng of VCAM 1
and MadCAM | 4l ecept or,_al.nh bet a7 Lso known as, LPAM
which is exépér?%é% 2'3884‘ #"%ﬁﬁ% afg g tg&l %g%‘*ﬁ’”e%mg ORalIAnS, en DY e t he
precil@e r ol doseflinaitipg alinibad tials. Hﬂnnanheinvemudm funthencomnprises b geethisd of

i nf |l amrat or i t h_as,.ast hma .i. let el y.under.st pod,
conpounds o %%@gqg'@ s?‘l@%ﬂ% QP4 HiRRs ‘Hﬁf*ﬂ?‘i Wﬂﬁ- %B{‘Qm 9

al pha4- bet aV]ZA-rtLee@pmnghelhdsm@me fpacdin ahié diséageq&ﬁ;&ahxsbedaﬂmgawm model s
of ast hma. F rymor e wor kK

| | tibo t ha4- bet a7

i ndi cate t Ha ggr’rﬁe Tl n(t,ﬂ ?ﬁ%ﬁ&%ﬁgﬁwg%&% ‘?"Fsﬂflt%ﬂ%q“gltzl\i/adczMaor
VCAM ar e usSéCAM-t or fibhmettirebindingtto LA - eipressimg cﬂlysd)tbmedaldjsﬁﬂp&ms They

| | f | i t t, of Wh h h
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t , aveno I a ar subcut anepusl vy,
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20 In another aspect, the invention relates to the use of a compound of the present
invention or a pharmaceutically acceptable salt thereof for the preparation of a
medicament for the treatment of disease states mediated by the binding of VCAM-1 or
VLA-4 or VLA-4-expressing cells, especially in the treatment of rheumatoid arthritis,
multiple sclerosis, inflammatory bowel disease and asthma.

25 :

In another aspect the invention further relates to medicaments or

pharmaceutical compositions comprising 2 pharmaceutically effective amount of a

compound of the invention, including pharmaceutical acceptable salts thereof, and

a pharmaceutically acceptable carrier. It also relates to a process for the preparation

30 of 2 pharmaceutical composition which process comprises bringing 2 compound

according to the present invention including a pharmacentically acceptable salt
thereof, and a compatible pharmaceutical carrier into a galenical administration

form. Such compositions may be formulated by any conventional means. Tablets or



WO 01/ 42215 PCT/ EPOQ 11979 16 in the case of pul nonary inflammtion.

Capsul es, tablets, suspensions or solutions for oral adm ni%sdygt305d,
suppositories, injection solutions, eye drops, salves or spray solutions
are exanples of admnistration forns. 5 Intravenous, intranuscular, oral or
i nhal ation admnistration is a preferred formof use. The dosages in which
t he conpounds of the invention are &@ém nistered in effective anmounts
depending on the nature of the specific active ingredient, the age and the
requi renents of the patient and the node of adm nistration. Dosages may be
determ ned by any conventional neans, e.g., by 10 dose-limting clinical
trials. Thugranhlas ciyeHthifa sériks oiBindeafilldrs earriry@t dilnef Lighideat i ng .a host
suffering from a,di seasg i.n whic ¥S§N11 or fibtonectin.bg di pg. to
VI A- 4- expr c<BRPRPiEQRs|can pg for exame eform gf 2 sterile patey;misgble sg ons or
damage by  @gpdulbs $he EbitsinaRlie Bihickeherdn 6AEHOH R6ltiRfactieinpredemit] on
sufficient to jnhibit VCAMI qr fibronectin binding to A- 4- expressi ng
cell's so t hBerthamere,flavewnimpraving addifiyesads és?“g’s'raégfﬁé’é YRsER A al |
dosages of BROMIHG, stabiltngTBdiduROMYaiNME ARd errRBifyRi@g@itCaddl &/ salegiforwi t h
dosages of 1-25 ngkg per- day being partlﬁggf[Ly referred, and dosages of
1-10 g/ kg YaSHpgkRe gimotisaressuns. pffessandsofee drltyveSﬁgbﬁﬂ SIS | n anot her
aspect, the invention relates to the use of, a 08 ound of the_ present '
i nvention or a phBfREVINSlY mentipned casrieripaterialspp Hﬁ%@%ﬁ?umﬁpnPﬁgaﬁYeparation
of a nedi casmrht L hn quggﬂgbgﬁ§§ﬁn§h@@gﬁc@ﬁﬂ&ﬁk@ﬁe,, t he

bi ndi ng of VCAN%%&%PP VLA%% or VLA-'4-expressing cells, especiaﬁ?y in the
treatment of rheumatoid arthritis, multiple sclerosis, inflammtory bowel
di sease and asthma. 25 30 In another aspect the invention further relates
~to nedicanents or pharmaceutical conpositions conprising a

phar maceutically effective anount of a conpound of the invention,

i ncl udi ng pharmaceuti cal acceptable salts thereof, and a pharnaceutically
acceptable carrier- It also relates to a process for the preparation of a
phar maceutical conposition which process conprises bringing a conpound
according to the present invention including a pharmaceutically acceptable
salt thereof, and a conpati bl e pharnaceutical carrier into a gal enical
adm ni stration




form Such conpositions maybe formulated by any conventional means. Tablets
or 4 June 2004 16a 5 granul ates can contain a series of bindédyte 2§94 ers,
carriers or diluents. Liquid conpositions can be, for exanple, in the form
of a sterWPMARREr - i sci bl e solution. Capsul es can cont aPEIEP§IPEr or

thi ckener in addition to the active ingrpedient. Furthernore,
flavour-inproving additives as well as substances usually used as
preserving, stabilizing, noisture-ret ai ning and emul sifying agents as wel |

as salts for,par 'aﬁge,tlgﬁo&s@chcm 8Ge Ql‘éféﬁ, er| afg‘spamﬁﬂ |d1ves can

al so be present The previoudly nentfoned carrier uents can
conpri se anyglyednandthedikal phar maceutical |y acceptabl e organic or i norganl c
substances, e.g., 4 June_ 2004 WO 01/42215 PCT/ EPQQ 11979 17 water,
gel atine, |act oseOrdunicdpsagafgrmsisuch asttebletarnd capanles, peeferably spniain

pol yal kyl EHEﬁOHJMLP,QOQMﬁlg%ka&ﬁ oﬁ&ftﬁ@h{veﬁtﬁﬁﬁge fornms, such as tablets

and capsul es, preferably contain rom to 1000 ng of a conpound of

the i nent i on. GenBRlIRE bombiEd QR %énﬂhvémn%ﬁgegﬁepa&\ae&mon can be

prepared from_ suitable ph en | al ani n erivatives via a palladiumcatal yzed
reaction wi t fitsble phenglalapinederivefives viag paliasinmi catalyged reaehiorstith Ad-helo-5

4-iodo- or 42%5/ﬂggﬂgenyl al anine derivative such as 1, is converted into a
prot ect ed phenyl al ani ne derivative 2 in which R7' is 10 hydrogen, chloro,

| ower al kyl or As%%{m% RRXionSthire & asé-ﬁi&gabfixi-'%&érh yﬁla%hf‘é?&én"wtwegr oup

such as a Boc, _or carbobenzyl oxy group an r al ky or substituted
| oner al kyl Sichasiels capyrisgintaargtectsd phenlalanine desivative 2 imyhigh Bals or an

el enenfy of ah%c%géf \Aﬂlng NGwél! ﬂgﬁl’oﬁ%w%?é]k , Plis 6 odHasd &%@éﬂ}f@#&&%a' means

famliar to thos ract | peptldecemstry The_or
addi tion of gloupsuchpas 3 Bogor carbolanzylpxpgroup and: is lanegsaBey! onsubstitupedr t i cul ar

chol ce of 1 eRARRLA] M SUBRI RN 1o DR USE prcbilihol i iG] Al of Ot S0t 1 0

groups is prow d G eene an G M Wits Protecting
Groups in Or pradres. STk group £, ca beiptioduced dyiconvantiongmeans familiam those

Al ternati vel y, &P Byt the P rlle brdlR¥f e 20BRYH HF POad A5 not |
15 critical and will depend on the particular choice of reagents. A discussion of the use
and introduction of protecting groups is provided in Theodora W. Greene and
Peter G. M. Wuts., Protecting Groups in Organic Synthesis, Wiley Interscience, New
York, 1991. Alternatively, a compound of formula 1 may be converted to a
compound of formula 4, in which R’ represents a component of an acyl group of
20 the invention. A convenient method is to introduce the ester group P; first,
followed by a coupling reaction of the free amine using conventional peptide
coupling reagents, for example HBTU in the presence of a tertiary amine base such
as diethylisopropylamine. Again, the particular choice of reagents may dictate
altering the sequence of the introduction of R;” and P,. Conversion of compounds
25 of formula 2 or 4 to derivatives 3 or 5, in which M represents a substituted tin or
boron atom, can be effected by treatment with a suitable species, for example
hexamethylditin, hexabutylditin or a tetraalkoxydiboron in the presence of a source
of palladium zero. The methodology is outlined and referenced in F. Diederich and
P. ]. Stang, ed, Metal Catalyzed Cross Coupling Reactions, Wiley-VCH, Weinheim,
30 Germany, 1998.



conpound of forrmula 4, in which RI' represents a conponent of an acyl group
of 20 the invention. A convenient nmethod is to introduce the#ddt@Z0¢ft oup P2
first, followed by a coupling reaction of the free am ne using

conventi oweloipensi de coupling reagents, for exanpl e HBTUPCWEPHEINTESENCE
of-a tertiary am ne base such as diethygi sopropyl am ne. Again, the
particul ar choice of reagents may dictate altering the sequence of the

i ntroduction of RI' and P2. Conversion of conpounds 25 of formula 2 or 4 to
derivatives 3 or 5, in which Mremassd ScheneiRstituted tin or boron atom
can be effected by treatnent with a suitable species, for exanple

hexamet hyl di ti n,n7hexabutyl ditin or &Rjtetraal koxydi boron i f7t he presence of
a source of < d_axd referenced in
'P. Diedericha P. J. Stang, ed pling’

Reacti ons, W/ ¢ . Wei nhei m WO 01/ 42215
PCT/ EP00/ 11979 Reacfi on. Schene T. 40 0 z 2 ﬁj; ~0 u o'P
' éPein R3, R4, are

y
hydrogen, |ower alk perfl uorol owelP,alkyl, hal ogen, aryl Py h?dr oxy, or
| ower "al koxy are 5 commercially availablg or prepared follow ng the
literature nmetho&tg (for exanple, di ﬁgussion of sone of thHgse known net hods
are found in: P. [Wrth, et al., Cgr. O fen. 2817 293, MAu 12, 1979,
Masar u Hoj o, Chem Lett. 1 9-502, Robert W g, et al.
Hel vetica Chim Acta, 1988, 71, . Conmpounds of &0 la 7 wherein
R2 is |ower alkyl” ory aryl Tower—al kyl btained By al kyl a i ogy_of 10
conpounds of for .- ' @, kyl ati ng agetNs §fichPas
i odoret hane, benz¥l br imi d& in the prgjgnc of a base suc a&Bcﬁ assi um
carbonate and optionally, a phase Bfan&er catalyst. For ' esS reactive
al kyl ating agents, itlmay 4 5
Substituted pyridones of formula 6 wherein Ry, Ry, and R are hydrogen,
lower alkyl, perfluorolower alkyl, halogen, aryl, hydroxy, or lower alkoxy are
5 commercially available or prepared following the literature methods (for example,
discussion of some of these known methods are found in: P. Wirth, et al,, Ger.
Offen. 28 17 293, Aug. 12, 1979, Masaru Hojo, et al. Chem. Lett. 1976, 499-502,
Robert W. Lang, et al. Helvetica Chimica Acta, 1988, 71, 596-601). Compounds of
formula 7 wherein Ry is lower alkyl or aryl lower alkyl, are obtained by alkylation of

10 compounds of formula 6 by treatment with an alkylating agents such as

ny, 1998. 4. June

iodomethane, benzylbromide in the presence of a base such as potassium carbonate
and optionally, a phase transfer catalyst. For less reactive alkylating agents, it may
be necessary to use a stronger base such as an alkali metal hydroxide and to heat the
reaction mixture. Compounds of formula 7 as defined above may be halogenated in

15 the 3-position by treatment with conventional halogenating reagents such as
bromine, N-iodosuccinimide or N-bromosuccinimide in a suitable solvent such as
glacial acetic acid or aqueous acetic acid to give halopyridones of formula 8, X = Br
or L, Ry is independently hydrogen, lower alkyl, substituted lower alkyl, or aryl
lower alkyl, Ry and R# are hydrogen, lower alkyl or perﬁ:.mrolower alkyl. Treatment

20 with excess halogenating agent leads to compounds of structure 8 with Ry =

halogen. For compounds of formula 8 with Ry = aryl, it is convenient to start with
N-aryl pyridones which are known compounds or to introduce an aryl moiety for
example an using an Ullmann coupling reaction as described by Masakatusu, etal.,
Chem. Pharm. Bull. 1997, 45, 719.

25




be necessary to use a stronger base such as an al kali netal hydroxi de and
to heat the reaction mixture. Conmpounds of formula 7 as def4 dee dHYve
maybe hal ogenated in 15 the 3-position by treatnment with conventi onal

hal ogenatW@@diM®agent s such as brom ne, N iodosucci ni m dePCFEPI0/11979
N-bronmosuccinim de in a suitable solventg such as glacial acetic acid or
aqueous acetic acid to give hal opyridones of fornula 8 X =Br or I, R is
i ndependent |y hydrogen, |ower alkyl, substituted |ower alkyl, or aryl

| ower allcyl, R3 and R5 are hydr oBestction®ehémabkyl or perfl uorol ower al kyl .
Treatnment 20 with excess hal ogenating_agent |eads to corrpou‘_rgds of structure
8 with Ra hal ogemy” For conpounds of fgsmula 8 with R2' = ar It is
.conveni ent te st gt with N-aryl Ry es which are kRe unds or to
introduce an ar ety for jexanplje usi ngam urrmann lcoupl i ng reaction
as descri bed_h éat usu, et alg’ wemo Pharm  Bul | . RPOOMN450719. 25 4
June 2004 W01/ 4218 6 PCT/ EPOQ le?ﬂ;*lQ Reaction Schene R RS R 1 2 R2
7 8 As shown in Reaction Schene 3, thezconp0und of formula § can be used in
a 5 pall adi um cat &l yzed coupling reaction with a phenyl al anfne derivative
of formula 3 or 5. For exanple, when Mis a substituted tin, treatnent of
a mxture of 8 and the phenylalanine of formula 3 or 5 with a source of

pal | adi um zer 0 As ¥kdwiRin Réaetiormsdhdet, thphmnydquind wf fid rme)ip & Ichrabié usedon a

bi s(tri_phenyl phosphi n | ladium dichl.gride in,the presenc f _an.inert
sol ven? suchaﬁég'B%?:“ﬁi@gF% éﬁfg‘é’n ﬁll%pﬁeé{y%éaéﬂm;g aﬁ‘ée efggg’? Lt'a}?g’ and 100
C gives a COosHIBoHe@impl@Wiviieh M B aGubstftuted &y peatnttmt of a atixtued of Sartll ey be

converted into coppoun of .structure 10 by . r val of the protecting
group P1, \/\H’hﬁﬁ)’lﬁg@ﬁ@‘g 3 3 ShaWith 2 SouFRFf PRAdR D 250806 88 pendi ng on t he

sel ection ofRiakifiipHRAAPRSPhireipllddiusn 8r BeGrihiddyIbhosphife)piladium

dichloride in the presence of an inert solvent such as DMF at a temperature of

10 between room temperature and 100 °C gives 2 compound of formula 9 or 10.
Compounds of structure 9 may be converted into compounds of structure 10 by
removal of the protecting group P;, which may be accomplished by conventional
means depending on the selection of P;. For example, if P; is a Boc group, it may be
removed by treatment with a strong acid, such as trifluoroacetic acid, optionally in

15 the presence of a solvent such as methylene chloride and 2 scavenging agent. The
resulting free amine may then be acylated with an acid of the formula R;’CO,H
using convention peptide coupling techniques. For example, by treatment with
HBTU in the presence of a tertiary amine base such as diethylisopropylamine in the

. presence of an aprotic solvent such as DMF to give the compound of structure 10.

20 :

If the free acid 11 is the desired end product, the ester group, P> may be
removed by conventional means. For example, in the case that P, is lower alky], for
example methyl, it may be removed by treatment with an alkali metal hydroxide,
for example lithium hydroxide, in a suitable solvent, for example aqueous THF

25 optionally containing methanol to assist with solubility. If P, were a benzyl or
substituted benzyl group, it could also be removed by catalytic hydrogenation over
a noble metal catalyst, for example palladium on carbon.



removed by treatnent with a strong acid, such as trifluoroacetic acid,
optionally in 15 the presence of a solvent such as nethyl ene? é¥1ofi0e and a
scavengi ng agent. The resulting free amine may then be acylated with an
acid of tweetraz2asil a RI' CO2H using convention peptide couptimgod/gei ques.
For exanple, by treatnment with HBTU inpphe presence of a tertiary am ne
base such as diethylisopropylarnine in the presence of an aprotic solvent
such as DMF to give the conmpound of structure 10. 20 If the free acid 11 is
the desired end product, the esteResdfiSchEde8RY be renoved by
conventional neans. For exanple, 1n the case that P2 is |ower alkyl, for
exanpl e methyl, g7t maybe renoved by treatment withRan al kali netal
hydr oxi de, for lexanpl e |ithium hydroxide, inR~suraRt sol vent, for
exanpl e aqueou E 25 optionally rentaining net t§assist with
solubility. If re a benzgl- ork sybstitut eg 7
be renoved by cat al ti§ hydnggén i Off over a goblv catal yst, for
i rbon. , 04 WO 01/42215 2 Repcti on Schene 3.
8 PCT1E 0112297
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Alternatively, as shown in Reaction Scheme 4, a compound of structure 8, wherein
- Xis bromide or iodide, may be converted to 2 species of formula 12, in which M’
5 represents a substituted tin, boron or zinc atorn. In the case of the tin or boron
derivatives, in which M’ represents a substituted tin or boron atom, the conversion

can be effected by treatment with a suitable species, for



O 1# R' OAternatively, as shown in Reaction Scheme 4, a conpound of
structure 8, wherein X is bromide or iodide, may be convertédunenl®aspeci es
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example hexamethylditin, hexabutylditin or a tetraalkoxydiboron in the presence of
a
5 source of palladium zero. For the formation of the zinc derivative, 12, M’ =
| Zn(halogen), conversion may be effected by treatment of the compound of formula
8, X =I with a source of activated zinc metal in a suitable inert solvent, for example
dimethylacetamide at a temperature of from room temperature to 100 °C until
_ conversion is complete to give a compound of formula 12, M’ = Zn{halogen).

10 These compounds of formula 12 can be reacted with a 4-substituted phenylalanine
derivative of formula 4’ in which X’ is iodo, bromo, or trifluoromethylsulfonyloxy
in the presence of a source of palladium zero to give a compound of formula 10°. In
the case where the ester group represented by P; is not part of the targeted

' compound, it can be removed using ester hydrolysis procedures appropriate to the
i5 particular P,. For example, where P, is lower alkyl, for example methyl, it can be



renoved by standard base hydrol ysis.using an al kali nmetal hydroxid for
exanmple, lithiumhydroxide. In a variation on this proceduréJU”QzW%§ be
desirable to carry a protecting group through the coupling reaction and

- substitutwoi@/i4a21sa | ater time. In this case, a conpound BET/EROGILIE 2', in
~which P1' is |ower aikoxycarbonyl or 5 bgnzyl oxycarbonyl and X is as

defi ned above, maybe coupled with a pyridone of structure 12 to give a
compound of structure 9' which in turn maybe converted to a conmpound of

the inventi oRedi§tddbyisimdardiviehydio dsmg&: ﬂﬁﬂ?ﬂlewﬂy&d}dﬂefﬁﬁl&karﬁﬂe, schene
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formula 12 can converted to formul a 15 by convertional
steps whichschemed.Rg is an al cohol, would invol ve protecting group
renoval , if necessary, 20 foll owed by oxi dation. Any of the comon reagents
for the selective oxidation of primary benzyl alcohols to al dehydes maybe
enpl oyi¥d, for ekaalpireativerrenterte sompoynds ofthis mcwmmémm@ Raghiorle i n an
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20 followed by oxidation. Any of the common reagents for the selective oxidation of

primary benzyl alcohols to aldehydes may be employed, for example, treatment
with activated manganese dioxide in an inert solvent. In the case where Rg
 represents a protected aldehyde, conversion to an aldehyde of formula 15 can be
carried out by a suitable protecting group removal, for example hydrolysis of an
25  acetal with dilute acid. Reaction of 15 to give a dehydroamino acid of formula 16
can be effected by treatment with a Wittig reag.ent of formula 17 in which P,’ is
lower alkoxycarbonyl or benzyloxycarbonyl and P; is as defined above. For example
treatment of 15 with (&)-N-(benzyloxycarbonyl)-a-phosphonoglycine trimethyl
' ester in the presence of a suitable base for example tetramethylguanidine leads
30 directly to a dehydroamino acid of formula 16, P; = methyl and Py =
benzyloxycarbonyl. Enantioselective reduction of 16 to the L-amino acid 18 can be
effected by use of a number of reducing agents suitable for the purpose, for
example, the recently described ethyl-DuPHOS rhodium reagent (Burk, M. J,,
Feaster, . E.; Nugent, W. A.; Harlow, R. L. J. Am. Chem. Sec. 1993, 115, 10125)
35 using essentially the literature procedure. Further conversion of 18 to the



35 using essentially the literature procedure. Further conversion of 18 to
the 4 June 2004 WD 01/42215 23 PCTI EP00/ 11979 conpounds of tAdune¢@®t i on
can be carried out using the general procedures discussed above.
Al t er nat | W€ 91/42215e general nethods outlined in reacti on s®EEAPOGLI9TBN be
used to prepare conpounds of structure #3or 4' in which R7' is other than,
. hydrogen. These conpounds of structure 4 or 4' can then be enployed to
prepare 5 conpounds of the invention as outlined in reaction schenmes 1 to
g. 1§eﬁction &iﬂp&iﬁb dﬁ:_ chfﬂaeiR&.nh '&nmﬂbec&r@e&' utt%gfth@gé@rﬂlﬁlxo&daﬁll (OCH )2 OéP
n one odi nent, e cy roup, ', 0 truct ur | s derive
froma 2- suBSf¥ Ke tﬁ?@“&@Y&Legﬂ’ﬁF@HH%?c&%%irﬁfﬁQHS'St{fﬁ'?of c acids
are either gerpaised &) prépar¥ *bmpbLedsyf seastubed pr £1a WEcHR, beiarhional
nmeans. For example _ortho-substituted aryl ipdigfs or triflates maybe
car bony! at edhydsogene Thesg sempe OféHPﬁHFF%frﬁhﬁﬁlﬁ ek enRlgyediQIPEeRsXF | adi um
catal yst. The,RbSRA% 3F iHRAnRhitioH 8 oltifbdi: rbactn skhérhésa @ 4.nt er medi ates is
dependent on the particular substitution pattern desired and they nay be
obtained by direct iodination or -diazotization of an aniline followed by
treatment with a source of iodidepl9ficdRAPLEs POt assiumiodide. Triflates

maybe derived fromthe correspondi ng phenols by conventional neans such as
by treatnment wt hnt,ri f1 uor onet hane sul foni ¢ anhydkj de in the presence of a
5 ? L]
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10 In one embodiment, the N-acyl group, R;’ of structure 11, is derived from a 2-
subsituted benzoic acid. Appropriate 2-substituted benzoic acids are either
commercially available or can be prepared by conventional means. For example
ortho-substituted aryl iodides or triflates may be carbonyiated in the presence of
carbon monoxide and a suitable palladium catalyst. The preparation of such iodide

15 or triflate intermediates is dependent on the particular substitution pattern desired
and they may be obtained by direct iodination or diazotization of an aniline
followed by treatment with a source of iodide for example, potassium iodide.
Triflates may be derived from the corresponding phenols by conventional means
such as by treatment with trifluoromethane sulfonic anhydride in the presence of 2



WO 01/ 42215 PCT/ EPOQ 11979 24 base such as triethylam ne or

dii sopropyl ethylamine in an inert solvent As shown in React#dwsef¥ne 6,
one ot her neans of obtaining ortho-substituted benzoic acids involves

t r eat mentwobranzi®- net hoxyphenyl oxazol i ne derivative such pet/ERomomINd 19,

Z1 and Z2 = hydrogen, alkyl, chloro, perfl uoro Iower alkyl, |ower 5 alkoxy
with an al kyl Gignard reagent foll owed, by hydrolysis of the oxazoline
ring follow ng the general procedure described by Meyers, A |., Gabel, R

M hel i ck, E. ) ) Zmin : | <ah b Of
formul a 20. Bﬁé?%f%%@%?ﬁéﬁrﬁ%ﬂ@n ﬁ@gng%ggg?g‘gepsemsggéggnveni ent
precursors t in Rénstion Schemafo 0ot ntheh omans of oldaining artha-substtded anzpicgh| y
hi ndered nitrj. - | bihdt £,
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conventi onal ysSi s un itions is difficult and

better resul tempoendl¥,&ired Zhby hpirgenrdkidothilen, perfluors lower alleddewsi ng
benzal dehyde {0l | o . | | , ' ] e [IpZMals
reagont 0 nerSRL P e UpLCHERA kel BloRed By BRI BRBE oaiBle TRl
React i on Schélewingthe pendshlyGbcedBre diisatibedl byMeyens, s L5 Gabel, R., Mihalitk,;E. - 0 H
/[l OCH7 R 3 20, Ref [ eacti on. LonCYCLL 6§ caci ds of
formul a 23 aPejL‘ é’vﬁ”%&g%r‘ﬁgﬂgﬁw’%’%’ g’eﬁ geraénp%rlgﬁpﬁﬁ hﬂﬁ zs(,)f );%18%?’3
met hodol ogi episubstitutdicbeape@piniiatalsorserefas soiahidnt pestusbksytb-thor
cycl oal kyl carboxylic. aci ds. alky. ion reacti o e Oen;pzlg _usi ng
“an al kal i rref%‘l"“éf’ﬁ%’i’% e‘?.)zr(’ict%ééaba%‘eﬁseﬁgﬁ@#?%%dgégtnﬁglét%FF’es p%lggl ng
ester.10F0r exkloRi-6,methglpetmnitiilel canrehtianyd] hgdmiysis eskeracidit of basiul a 21
conditions is difficult and better results are obtained by DIBAL reduction to the
corresponding benzaldehyde followed by oxidation using a chromium based
oxidizing reagent. Other methods are exemplified in Chen, et al., WO 9910312.

15 Reaction Scheme 6

1. RMgClI
2. CH3l
3. Hydrolysis z,

N
s e
. Z~OCH, Zz/ 7R
19 - 20
Referring now to Reaction Scheme 7, cyclic acids of formula 23 are known

compounds or can be prepared using standard methodologies. For the preparation
of substituted alkyl- or cycloalkylcarboxylic acids, alkylation reactions can be

20 employed using an alkali metal dianion of the acid or monoanion of the
corresponding ester. For example, a cycloalkyl carboxylic acid ester of formula 21
can be treated with a strong base, for example, lithium diisopropylamide in an inert
solvent, for example THF followed by addition of group Ry—Lv wherein Ry
represents 4 desired side chain, such as a substituted benzyl, lower alkyl, lower

25 alkoxy alkyl, azidolower alkyl and the like and Lv represgnts a leaving group such as
a bromide, iodide, mesylate or similar group known to participate in ester enolate
aliylation reactions. The product ester 22 may be hydrolyzed to the acid 23 using
alkali metal hydroxide in a suitable solvent, for example aqueous aicohol.
Depending on the nature of Ry; and the eventual target, the compound 23 may be

30 coupled to an amine such as compound 1 and converted to the target directly or R
may be subject to further manipulation at a suitable point in the synthesis. For



can be treated with a strong base, for exanple, lithiumdiisopropylamde in
an inert solvent, for exanple THE foll owed by addition of gtduif - Lv
wherein R41 represents a desired side chain, such as a substituted benzyl,
| ower al WYPOIHRAREr 25 al koxy al kyl, azi dol ower al ky4 and PEEEPMKHIZENd Lv
represents a |l eaving group such as a beéem de, iodide, nesylate or simlar
group known to participate in ester enolate alkylation reactions. The
product ester 22 maybe hydrolyzed to the acid 23 using alkali netal
hydr oxi de i nexanfple, ifl} & anclzidiibwei dlkyl excienp)] the agide ey balredived usibg fendi ng on
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the nature of R4] and.t he, event ual et he c und 23 b 30
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usi ng standard reaction conditions, Oher nucl eqphiles i ch nﬁ . be

enpl oyléd to W%ftﬂﬂ?énf]ﬁfl@rsﬁa’m %@4‘%&5’@%@@@% éﬂ#\‘ﬂé‘l 1 A% MYPA@™MEnvent i on
i nclude: sodigdathy3Nwiien R$ORtSYPoPRENREA Srout? tHid BRodp e be Wyidpblgyddnea and

ot hers. When R41 incorporates a ketal group, this group may, be hydrol zyed
at a convenfQ@Nenigel RRInY in thegmilasistie srayides knto gTae- ARRETPRINGER ™%hi s gr oup
in turn my pdfrthes FARuREY, BoY &hfle ByFedSotidmitb &n Rlcoh63ton9étsibg tén al cohol
or conversion to, derjvative such as an oxine. 15 Exanples of the
application drivatiesaiches Hpasme t he synt hesi s of conpounds of formula 23
are prgvided in Chen, et al. WO 9910313. Reaction Schenme 7. 20 23

Examples of the application of these methods to the synthesis of compounds of
formula 23 are provided in Chen, et al. WO 9910313.

Reaction Scheme 7.
R
CO,CH, _— Ryn. CO,CH, '_ ein. COH
O I YT —
-2
20 21 22 3

In general, ortho-substituted aromatic acids needed for the preparation of
compounds in which R! = Y-1 can be prepared as exemplified in Chen, etal.,
Ww09910312.

25 For the synthesis of 2-chloro-6-alkylbenzoic acids of formula 28, wherein R43 is
lower alkyl or cycloalkyl, the procedure described in Reaetion Scheme 8 is
particularly suitable. Thus a commercially available aldehyde of formula 24 is
converted to the imine 25 wherein R42 is lower alkyl, preferably butyl, by treatment
with butylamine in an inert, hydrophobic organic solvent, for example heptane.

30 The resulting compound of formula 25 is treated with an excess of 2 Grignard
derivative 26 in an inert solvent, for example THF, followed by acid treatment
during the workup to give an aldehyde of formula 27. Oxidation of 27 to an acid of




In general, ortho-substituted aromatic acids needed for the greparation of
conpounds in which R = Y-1 can be prepared as exenplified ifhJ@e04%t al.,
W9910312. R41--1v 21 22 25 For the synthesis of 2-cbloro-6-al kyl benzoic
aci ds of wWownmgas 28, wherein R43 is |ower al kyl or cydoap&ylepod/iiers
procedure described in Reaction Schene §gis particularly suitable. Thus a
commercially avail abl e al dehyde of fornmula 24 is converted to the i mne 25
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treatment  dyj NG ARy BLdaLEE eindepiipl. @ 27. Oxidation
of 37 o an' 108 ahl SoUOlchbetlaidl 5y BB Spefllt 8 2 ortul o 29
can be carried out by conventional neans, for exanple by treatnent of a
soluti@n of 27 in a suitable solv ﬂc}@.ﬁl gaueous acetonitrile with
sodi umg chlorite and 30% hydrogenq%tg?%d)’}? e atc or bel ow roomtenperature. 5
Reacti on Schens 80 Od 26 &' Q&Q 25 27 2§ |p may be desiralpe to
prepare prodrug egters of theco ﬂ“—rl‘i{fg%@f thisll i nvention flor ich it

i e

woul d be nor Venient to odutie noiety at et of the
synthesis. F I S purpose variety of B techni qu the 10

formati on of esteifs from car boxyFi c 2eaci ds maybe 'enpl oyed. Typi et hods
whi ch  maybe ugeful would ingl ude, coupling,ef an al cohol testhe carboxylic
acid in the presence of acid, for exanple hydrochloric acid, a procedure
conmonl y known Hamapbe gesiable te prapaiefprodrugsstersafithe epppoends ofghigi i ni de

medi at ed couplLaeh NGH WRER # P6uld be more convenient to introduce the ester moiety at

the end of the synthesis. For this purpose, a variety of common techniques for the

10 formation of esters from carboxylic acids may be employed. Typical methods which
may be useful would include, coupling of an alcohol to the carboxylic acid in the
presence of acid, for example hydrochloric acid, a procedure commonly known as a
Fisher esterification. Alternatively, 2 diimide mediated coupling between the
carboxylic acid and an alcohol may be employed with the optional use ofa

15 promoter such as 4,4-dimethylaminopyridine. A typical diimide is
&icyclohexy]carbodiinﬁde. Another alternative is to treat the carboxylic acid with a
reactive alkyl h;lide, for example, an alkyl iodide or an acyloxymethyl chloride in
the presence of a base, for example sodium bicarbonate and an inert solvent, for
example DMF. The particular choice of method will be determined by the nature

20 of the particular combination of carboxylic acid and desired ester moiety and will
be apparent to one skilled in the art. Ester groups which may constitute prodrugs
may be introduced at any convenient point in the synthesis. For example the group

P, in formula I may represent a desirable prodrug ester and be retained in the final

product.
25 .
EXAMPLES
The Examples which follow are for purposes of illustration and are not
intended to limit the invention in any way.
30 General Methods: Melting points were taken on a Thomas-Hoover apparatus and

are uncorrected. Optical rotations were determined with a Perkin-Elmer model 241
polarimeter. 1H-NMR spectra were recorded with Varian XL-200, Mercury 300 and
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Merck # 1. 0524.—@}28and were visualized by VI eW| ng under 254 nm W light in a

view box, by exposure to 12 vapor, or by spraying wth either
phosphom)l ybdic acid (PMA) in aqueous ethanol, or after 10 exposure to Cl2,

with a 4,4 Rteearmipi:eshbzi'gupmureéiqpidmhytbmttoga@hy(EB@MC)maemledlouhccor di ng
to E 15/0N Aling MREGHREL EOEpIREUME Y x 30 mid) 8PN B2 c 53 Bluny /6 120,

at a flow of 49 mL/min employing a gradient of acetonitrile:water (each containing
0.75% TFA) typically from 5 to 95% acetonitrile over 35-40 min. HPLC conditions
are typically described in the format (5-95-35-214); this refers to a linear gradient of
from 5% to 95% acetonitrile in water over 35 min while monitoring the effluent

20 with a UV detector at a wavelength of 214 nM.

Methylene chloride {(dichloromethane), 2-propanol, DMF, THF, toluene, hexane,
ether, and methanol, were Fisher reagent grade and were used without additional
purification except as noted, acetonitrile was Fisher or Baker hplc grade and was

25 used as is.
Definitions as used herein:

THFis tetrahydrofuran, -
30 DMEF is N,N-dimethylformamide,
DMA is N,N-dimethylacetamide
HOBT is 1-hydroxybenzotriazole,
BOP is [(benzotriazole-1-yl)oxy] tris-(dimethylamino)phosphonium
hexaflucrophosphate, |



224-228. Rever'sed phase high pressure liquid chronatography (RP-HPLC) was
carried out 15 using a Rainin HPLC enpl oying a 4L4 x 300 Jang\200
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acetonitrile over 35-40 mn. HPLC conditjgons are typically described in
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a Uy det ect okiey i Ry AL MATRIALANN, 3 Mk bith @b s iigh oe

(di chl or onet hane), 2-prqpanol , toluene, ”hexane, ether, and

met hanol , we hexafing oftwfent grade and were used without additional

puri fi cat i ONEEELRIO-BEnARAiS e ROGIOK: Lckhate o heRluBREHosIRLE O ade
and was 25 used as._is. Definitions as used Herein: THE is tetrahydrofuran,
30 DVMF is N, WW%PP@PH’&%Y&@IH%DNA i s NN-di net hyl acet ami de HCBT is

1- hydr axyben N-Bithethfl
[ (benzotri azol e- 1?5%2 oxy tr?s 25 Fﬁni‘mm no) phosphoni um
hexaf | uor ophB?BAasélP Yiphrsphonylaaids 01/ 42215 PCT/EPOOI 11979 28 HATU i s

O (7- azabenzg@ppqugﬂm(%@hﬁhﬁpﬁmbzérrogg@g hyt ur oni um hexaf | uor ophosphat e

HBTU is O benzotri azol et hyl uroni um hexaf | uor ophosphate,
DI PEA i s di |EBN@;55&W%’F1M%0]@WF€H€S 4- (N, N- di et hyl ani no) pyri di ne
DPPA i's di phggul xqu{y ;g@zi de DPPP is 1,3 bis(diphenyl phosphino)propane
DBU is 1, 8- d| aza |cyc 4.0] undec-7-ene NaH is sodium hydride 10 brine
i s satlr at edbmémaqﬂaqumm@umghb@ldawlunonTLC is thin |ayer

chromat ogr apﬂfC is thin layer chromatography
LDA is lithium diisopropylamide A
BOP-Cl is bis(2-oxo-3-oxazolidinyl)phosphiﬁic chloride
NMP is N-methyl pyrrolidinone
15 Lawesson's reagent is {2,4-bis(4-methoxyphenyl)- 1,3-dithia-2,4-diphosphetane-
2,4-disulfide]

NIS is N-iodosuccinimide.

Silica gel chromatography on Biotage columns refers to use of a flash
chromatography system supplied by the Biotage Division of the Dyax Corporation

20 employing prepacked 40g (40s columns), 90g (40m columns) or 800g (75m
columns). Elution is carried out with hexane-ethyl acetate mixtures under 10-15 psi
nitrogen pressure.

Example 1.

25 N-[(1,1-dimethylethoxy)carbonyl]-4-{(tributyl}stannyl]-L-phenylalanine methyl

ester.
NSn
HN 00ch3 HN c:oac:H3

A solution of N-[(1,1-dimethylethoxy)carbonyl] -4-iodo-L-phenylalanine methyl
30 ester (5.3 g, 13 mmol) and hexabutylditin (27.5 mL, 54 mmol} in toluene (50 mL)




LDA is lithiumdiisopropylamde BOP-Cl is

bi s(2- oxo0- 3- oxazol i di nyl ) phosphinic chloride NWVP is N-nethy$Jyyr 2@ di none
15 Lawesson s reagent is

[2, 4- bi s(HOMMPERyphenyl ) - 1, 3-di t hi a- 2, 4- di phosphet ane- 2PETERPEIPTHe] NI S
I's N-iodosuccinimde. Silica gel chromalzegraphy on Bi otage colums refers
to use of a flash chronmatography system supplied by the Biotage D vision

of the Dyax Corporation 20 enploying prepacked 40g (40s colums), 90g (40m

col ums) or ﬁm@poéc?@mnted[bwh&hateﬁtﬁedmigthsnmurdmdlmpﬁdmtnogembxhne- et hyl
acetate m xtures under 10-15. nitro ssu Ex I 25 N
(1, 1- di met hy‘l"é‘feﬁ& “E'é?’b l"'f"%'ﬁnde[r AEH qgﬁ ﬁ%{%w nﬁ%ﬁﬁ@%ﬂ al ani nEa
met hyl est a]la&imnlrlwas added 703MBmEIND.22 ﬁiﬁﬁhﬁndﬂ:e@eﬁﬂohnﬁx&rswlmheamﬁ tof

N- 11d|nre ar al,a 30 ester
(550 nw@?%‘? fﬁ%&@é&ﬁﬁsﬁ‘#ﬂ S oW R M e e (50 ) 4
%]une 2904 x@&&&&%ﬁeﬁﬁﬁcﬁﬁ’m&{i&?&x aﬂ;mb tﬂaag;cgﬁdeeetnﬂdmm,ddaidml nat el y
reezing the mxt i |tro n bat r_vacuum an awi n
under a?gon L(i%le a@?éf”?‘? lgﬂ %‘ﬁ?sﬁgﬁleg&ﬁ%‘ﬁﬁ?ﬂ% g&‘ﬁ d (2?30
nﬁ, 0. I22 rle:h ﬁ'medakaﬁ@e weediowed tdiftéféllih& wag sorkeetredd {The rgﬁcﬂmdmasftakehxﬂS mn as
the col or chan ow.ta acet.at e: hexane

i ndi cat ed th'épg’reg?‘éﬂ goﬁﬁ'ﬂ]s) &’rf E_?’(lg)(ﬂ’éés%ﬁég% o mireng s portlz)n

g 140Thrrg, 0. élﬂltéfﬁ@mhefflﬂtiriﬂéw(?@aétﬁﬂeﬁﬁhte‘daﬁd&ddeﬁonﬁﬁf teﬂmelcmdhtylsﬁiteg for |
r. m xture was al | que ) con ra ue was

t aken0up |r1gqié9\l&ﬁl§1?@(§ﬂ%)lg‘gﬁﬂ’?f &WV@%P @%ﬂ"'?@q e%etﬂ'ef%)r 30 min
and was filéByladetateifxhnds 6 give NURQ , ICARSE£BE c@n@hwm chromat ogr aphed

over a dry sjlica 10 gel. columm contai 15 i1 and elutin
W th hexane ﬂ‘@i‘?‘ﬁﬂéﬂﬂ%ﬂlﬂwh&@flﬂwnam%ﬁqgﬁﬁ%&frﬁeg’m 3 Qe |
(1, 1- di met hyl Rt:HoENS pCEHMANOSEN): m/z 1081 (2M-C4H9) 570 (M—i—H).

15 Example 2.
2-Amino-3-bromo-5-chloropyridine
Cl e Br,, NaOAc, HOAc Cl N Br
(] —> ®
N~ “NH, N~ “NH,

A suspension of 2-amino-5-chloropyridine (5.14 g, 40 mmo!) and anhydrous
sodium acetate {3.29g, 40 mmol) in acetic acid (25 mL) was mechanically stirred

20 and warmed to a bath temperéture of 45 °C. A solution of bromine (2.1 mL, 40
mmol) in acetic acid (2 mL) was added over 1 hour. The resulting orange mixture
was cooled to 15 °C and filtered. The solids were taken up in 400 ml. of water, the
suspension made basic by addition of 1 N NaOH and the suspension extracted with
ethyl acetate (5 x 100 mL). The combined extracts were washed with 10 % NaHSO;

25 (1 x 100 mL) and were dried over MgSO,. Concentration afforded 2-amino-3-
bromo-5- chloropyndme (4g, 48%), mp 82-84 C.

Example 3.
cl N Br,, NaOAc, HOAc  Cl nEr
] > |
N NH @)

; '}‘
H 3-Bromo-5-chloro-1H-2~-
30 pyridone




[(tributyl)stannyl]-L-phenylal anine nmethyl ester (5.7 g, 77% as a dear
oil. LR(+)LSIMS (C27HA7TNO4ASN): mz 1081 (2M C4H9) 570 (MrH)4Jum 280dnpl e 2.
2- Am no- 3- br ono- 5-chl oropyridine ci~, ~ Br2, NaOAc, HOAc cl NH2 -N -NH2 A
suspensi ogoafi/4z218mM no- 5-chl oropyridine (5.14 g, 40 mvl ) apeEpodgioOUS
sodi um acetate (3.29g, 40 nmmol) in acetikg acid (25 nl.) was nmechanically
stirred 20 and warned to a bath tenperature of 45 C. A solution of brom ne
(2.1 nm, 40 mmol) in acetic acid (2 nmL) was added over 1 hour. The
resulting or ' e WaS £ - £ [ \[; i2fS wer e
" taken up in %8&8&1&?&; )cs)’;fgv{ag%lgér‘\? l%r%fe}i?J g%g%)dgﬂ%ﬁ%ﬁgﬂ)eét}g?%ﬂ%y %ﬁﬁ%cgﬁ of I N
NaOH and t hemi)epdnencoH@X3.2 avt)ehswooled withran icelbath to @ °Cund wagtreptel. The

conbi ned ext ' 0 Y el 6 |
dried over My .%o r?ggn rati %?*%&dé&%@%@%ﬁg&%ﬁé%@ﬁggﬁf g@%ﬁ%{/\'}rei di ne
(4g, 48%), nphemisardvasssimep e a3 addifbnal-10Bnin antatlowed tOserm tHOOBE  Br

3- Bromp- 5-ch - rflens '1% RGH1EPOQO 11979
A sol H’?’ I on o#e%ip%girﬁ&n%mépﬁér)%{mﬂgc ogggi@?%?%e“m? 39%{5 ﬁéagﬁ%% in water
(30 nl) andwencherr@ith CElandiweredsied vodedamnith atf0 ¢ foridhritogive®-C and was
treated with a sal ution-of, i b L ( 93 Mol ) in water (12
m.) over 10 ir%mrﬁl.m g.lcﬁ%or%ﬁ)%f érp Wg}égg]ﬁé’ég%)b%lpéﬁsgalﬁ t (g%al 10 min and
allowed to warmto room5 tenperature over 48 hr. The m xture was filtered.
The solids re hed with water, then with CCl4 and were dried under
vacuum at 5\6\]5@@?&%113 hr to give 3-

Cl Br
_ !?I (@] t;l 0
H CH

*  3-Bromo-5-chloro-1-methyl-2-

10
pyridone

A mixture of 3-bromo-5-chloro-1H-2-pyridone (930 mg, 4.46 mmol), potassium
carbonate {1.25 g, 9.1 mmol) and iodomethane (2.8 ml, 45 mmol) in 10 mL of

15 DME was heated to reflux for 18 hr. The mixture was fltered hot and concentrated.
The residue was recrystallized from ethyl acetate to give 3-bromo-5-chloro-1-
methyl-2-pyridone (740 mg, 74%), mp 162-163 “C. HRMS (C6HSBrCINO): Obs.
Mass 220.9249. Calcd. Mass 220.9243 (M+H). ’

20 Example 5. _
4-(5-Chloro-1-methyl-2-0x0-3-pyridinyl)-N-{(1,1-dimethylethoxy)carbonyl]-L-
phenylalanine methyl ester

HN™ ~CO,CH, - HN” ~CO,CH,
A, LA,
25 A solution of 3-bromo-5-chloro-1-methyl-2-pyridone (660 mg, 2.97 mmol) and N-

[(1,1-dimethylethoxy)carbonyl]-4-[(tributyl)stannyl}-L-phenylalanine methyl ester
{1.7 g, 2.99 mmol) in DMF (30 mL) was deoxygenated by alternately freezing the
mixture in a liquid nitrogen bath under vacuum and thawing under argon (3 X).



br ono- 5-chl or o- 1H 2-pyridone (2.77 g, 69%, np 173.5-175 C. E 2gMe 4. d
10 pyridone CH3i, K2C C 3-Bromp-5-chloro- | -nethyl-2 A nm x4dure §04

3- brono-5-chl oro-1 H 2-pyridone (930 ny, 4.46 nmnol), potassium carbonate
(1.25 g, WOPIMF) and i odonethane (2.8 ni, 45 mml) in 1BCHEPY1ITY DVE was
heated to reflex for 18 hr. The m xturedlwas filtered hot and concentrated.
The residue was recrystallized fromethyl acetate to give

3- brono-5-chl oro-1- nethyl -2-pyridone (740 ny, 74%, np 162-163 T. HRMS

( C6H5Br CLNOTetrakis(triph@sydptitdphiypalladimindd140 dgs® 2@ 80ns1Pwas ¢ddediond Atk Exanpl e

5. 4-(5-Chl oro-1-nethyl -2-0xa--3- i dimyl ). N- . 3
(1, 1- di met hyTEHe 55 Bg%‘gwfiﬂ @Opﬁﬁéﬁ@%@ﬁ“ﬁémﬁﬁ?ﬁﬂ&e&%%ﬂdﬁﬁed%m
>110"' k-0 O th reabtior-wdé ndtRafpbete artl arditidhab D4Quing portidn of the catalyst was :
3- brono- 5-chl,qr p- 1 - et .hyl - 2- pyr.i do 60 .| 2.9 I d '
Ch o et MR RIS R CORTELAOr L Br TRy Gs Bt S AR ne ety
?St er 5(1. E diluted With ﬂi&ﬁlo}omleth%é\ﬁudﬁék ﬁite}ed/%o@@@@d mfatﬂéﬁd.'ﬁ;eﬂtrate[] nately
reezing the mxture,in.a |iquid nitrogen bath under wacu an awi ng
under ar gon {3 €¥gPoraed %M%%Q\%“b’ ‘ﬂ%%‘f%s ‘?‘r&?r"ﬁgb‘bfi fgnﬁ'e%acegté
Tet r aki s(t ri(phaiLy! Phoshiticrewnatdshel with (hed (39 10 gal)@nthbeine (had0added and t he
and was dried (MgSQs). The residue obtained upon concentration was
chromatographed over 150 g of silica gel eluting with 7:3 ethyl acetate:hexane to
10 give 4-(5-chloro-1-methyl-2-oxo0-3-pyridinyl)-N-{(1,1-dimethylethoxy)carbonyl} -
L-phenylalanine methyl ester (670 mg, 54%). LRMS-Electrospray : m/z 863
(2M-+Na), 858 (2M+NH4), 443 (M+Na), 438 (M+NH4), 421(M+H).

Example 6.
15 4-(5-chloro-1-methyl-2-oxo-3-pyridinyl)-L-phenylalanine methyl ester
hydrochloride
oH
N._ O
I

C F

A solution of 4-(5-chloro-1-methyl-2-oxo-3-pyridinyl}-N-{(1,1-

20 dimethylethoxy)carbonyl]-L-phenylalanine methyl ester (210 mg, 0.50 mmo_l) in4
N HCl in dioxane (10 mlL) was stirred for 1 hr and was concentrated to give 4-(5-
chloro-1-methyl-2-oxo-3-pyridinyl)-L-phenylalanine methyl ester (140 mg) asa
white powdeér. LR(+)LSIMS : m/z 641 (2M+H), 321 (M-f;H).

25 Example 7.
* N-[(2-Chloro-6-methylphenyl)carbonyl]-4-(5-chloro-1-methyl-2-oxo-3-
pyridinyl)-L-phenylalanine methyl ester



m xture was heated to 90 C for 3 hr as the m xture turned dark TLC

i ndi cated that the reaction was not conplete and an additi ohdWnad®hy
portion of the catalyst was added and heating continued for 4 hr. The

m xture wee odlgt2@sved to cool and was 5 diluted with di chl oromEPbmn®7Nd Was
filtered through a pad of celite. The fhbtrate was evaporated to dryness
and the residue was dissolved in 1:1 ether:ethyl acetate (60 nlL). The

sol ution was washed with water (3 x 10 nm.) and brine (1 x 10 nL) and was
dried (MySO). The residue obtained upon concentratdon was chronat ographed
over 150 g of silfPda gel eluting with 7:3 ethyl acgtdis: hexane to 10 give
4- (5-chl oro- 1- nefMykO2- oxo- 3-pyridinyl )-N-[ (1, 1-d yl et hoxy) car bonyl } -
L- phenyl al ani nehyl ester (670 ng, 54% . LRVEILl ettr ray : nmlz 863

( 2M+Na) 8858 RN 3 (M#Na), 438 (MeNH4) , G2 T anple 6 15

4- (5-chl oro-1-net hyl fIx0- 3- pyridi nyT)-LC-phenyl al ani n hyl ester
hydrochloride CH CH.. N, ON, sO HN ~CO2CH3 H-CI H2N- - >110-k-0 A
sol ution of 4-(5-chloro-| -Agt JOGBH,2- 0x0- 3- pyri di nyl) - N- [ch 1 CH,

di met hyl et hoxy) gr_r_g?ny'ﬂf" L-phenyl al ani ne met hyl ester i(21 0. 50 mmol )
in4 NHJA in oXane (10 W) was stirred for | hr SOconcentrated to
give 4-(5- chloro-1-nethyl-2-o0xo-3-pyridinyl)-L-phen Bhne nmet hyl ester
(140 ng) as a white powder. LR(+)LSIMS : rnlz 641 (2M+H) 821 (M+H). A 25
Exanple 7. N- [ (2-Chloro-6-nethyl phenyl)carbonyl] -4-(5-chloro-I

- met hhyl - 2- oxo- 3- pyridinyl)-L-phenyl al ani ne nmethyl ester 4 June 2004 WO
01/ 42215 32 KkokitioRGTHERGEICtd A4 ethyl-2-0x0-3-pyridinyl)-L-phenylalanine methyl

ester hydrochloride (89.5 mg, 0.25 mmol), 2-chloro-6-methylbenzoic acid (47 mg,
5 0.28 mmol), DIEA (175 gL, 1.0 mmol) and HBTU (133 mg, 0.35 mmol) in DMF (3
mL) was stirred at room temperature for 4 hr. The mixture was concentrated, the
residue was dissolved in ethyl acetate (15 mL), was washed with 0.5 NHCI (1 x5
mL), sat. NaHCO; { 1x 5 mL), brine (1 x 5 mL) and was dried (Mg504). The
residue obtained upon evaporation was chromatographed on 25 g of silica gel,

10 eluting with 3:1 ethyl acetate:hexane to give N-[(2-chloro-6-
methylphenyl)carbonyl]-4-(5-chloro-1-methyl-2-oxo-3-pyridinyl)-L-
phenylalanine methyl ester (54 mg). LR(+)LSIMS : m/z 962 (2M+NH4), 945
(2M+H), 490 (M+NH4), 473 (M+H (2 CI)).

N

15 Example 8.
N-[(2-chloro-6-methylphenyl)carbonyl}-4-(5-chloro-1-methyl-2-oxo-3-

pyridinyl)-L-phenylalanine.

F’Ha FHS
|N 0 N._O
[
o ~F P
Cl HN OCH, Cl HN OH

CHa GI—!3

20 A solution of N-{(2-chioro-6-methylphenyl)carbonyl] -4-(5-chloro-1-methyl-2-
oxo-3-pyridinyl)-L-phenylalanine methyl ester (51 mg, 0.108 mmol) in THF (3




OCH3 A solution of 4-(5-chloro-1-nethyl-2-o0xo-3-pyridinyl)-L-phenyl al ani ne
met hyl ester hydrochloride (89.5 ng, 0.25 mmol), 2-chl or o- 64 det¥@dfenzoi c
acid (47 mg, 5 0.28 mmol), DIEA (175 L,1.0 mml) and HBTU (133 ng, 0.35
mol ) i n WRRLERIS ) was stirred at roomtenperature for BCHEPOOTHEZIM Xt ure
was concentrated, the residue was disssdved in ethyl acetate (15 nlL), was
washed with 0.5 NHAO (1 x5 nlL), sat. NaHCG3 ( ix 5 rnL), brine (1 x 5
m.) and was dried (MgSO4). The residue obtai ned upon evaporati on was

chr omat ogr aghEpwasntrédfedwith a solhitien offithiun Byéloxider8oneydrale {18ah§)0.43

?Eiﬁf&?%%ﬂp%r&@%%ﬁ' Borgt 28 s e sﬁ.a&gean.{qlﬁwnagqer (54

ng) . LR(+) L%&m@ﬁhﬁﬁ&&%&ﬂ%)h%(é@ (b tated BAlidabdiNiding faertaltH (2
Cl)). 15 Exanpl e 8.

hi Garb I - 4-
(5-chl oro- IW“ﬁBPﬁWé\é_ZAofﬁU ﬁg?‘?eﬁ'icl‘fﬁfﬁa AP%ﬁl’i‘gﬁ{Q"r’%ﬂtgrﬁF??gggleBx‘EFfs NCO

-N-~O €1 OCllds Ghpli¥d 8% 4Ax§@&Ht can r&fersed phase HPLC column and eluted with a
N-[(2- chlor - 6- rrethyl enyl)car bonyl ] - 5-c¢chloro-| - yl - 2-

0XO0- 3- pyri d 21 gredign %Pﬁﬁ’ﬁ']ﬁéﬂh%ieﬁ?fs 939 qven3imgin. EEEBB"%I) in THFE (3
4 June 2004 cﬁ\ﬁa%ia %ﬁé&m&mﬁé@? véﬁ-ﬂh)chl/tﬁé d-ﬁﬁﬂfyliﬂu wish a sol Uthﬂ

f lithi hyd hydr at t
i 1 onal FHBOREL A Areords <oReBeh2-axat SRRl L OrbeRrIelaniR 440 @fg&m
i xture vias g3k hitiRGolid IR ElbbkodbRiy thiAsiiledin | IMANEY] SoRENG MRt er i 2l

was- consuned. A few drops_of acetic were ad ded and the entire reaction
m xt ul® 5 w&d))apesatiEeiongdsy AM-H @Clm C 18 reversed phase HPLC col umm and
eluted with a linear gradient of acetonitrile in water of 5 to 95% over 35
m n. The product containing fraction was |yophillyzed to give N [
(2- chl or o- 6 Exemipld Shenyl ) -

4-(5-chloro-1-methyl-2-o0xo-3-pyridiny}l)-N-[[ 1-(2-methoxyethyl}cyclopentyl}-

carbonyl}-L-phenylalanine methyl ester

GH,
CH, N.___O
_N.__O l
| o NF
Ci & %
CHO HN” ~CO,CH,

3

H-Ci H,N” ~CO,CH,

15
A solution of 4-(5-chloro-1-methyl-2-o0x0-3-pyridinyl}-L-phenylalanine methyl
 ester hydrochloride (47.4 mg, 0.25 mmo}), 1-(2-methoxyethyl)cyclopentane
carboxylic acid (47 mg, 0.28 mmol), DIEA (175 pL, 1.0 mmol) and HBTU (133 myg,
0.35 mmol) in DMF (3 mL) was stirred at room temperature for 4 hr. The mixture
20 was concentrated, the residue was dissolved in ethyl acetate (15 mL), was washed

with 0.5 N HCI (1 x 5 mL), sat. NaHCO3 (1 x 5 mL), brine (1 x 5 mL) and was dried

(MgS0Oy). The residue obtained upon evaporation was chsomatographed on 25 g of
silica gel, eluting with ethyl acetate to give 4-(5-chloro-1-methyl-2-oxo-3-
pyridinyl)-N-[[1-(2-methoxyethyl)cyclopentyljcarbonyl}-L-phenylalanine methyl
25 ester {70.5 mg, 59%). LR-Electrospray: m/z positive ion, 943 (2M+Na), 483
(M+Na), 478, (M+NH4), 461 (M+H); negative ion 919 (2M-H), 521, 459 (M-H).



car bonyl ] -4-(5-chl oro-1|-net hyl - 2- oxo- 3- pyri di nyl ) - L- phenyl al ani ne (40 ng
829% as a white solid. LR Electrospray : mz positive ion, 483umaRids
459(M+H (2 10 d)); negative ion, 457 (MH (2 d)). Exanple 9.

4- (5- chl awo-oir42283 hyl - 2- ox0- 3-pyridinyl)-N [ [ PCT/EP00/11979

1- (2- met hoxyet hyl ) cydopentylj - carbonyg4-L-phenyl al ani ne nmethyl ester Cr
CE 15 Co2CH3 A sol ution of

4- (5-chl oro- I - et hyl - 2- oxo- 3- pyri di nyl) - L- phenyl al ani ne nethyl ester

hydr ochl ori e 10. rrg, 0 25 mml) 1- (2- met hoxyet hyl ) cycl opent ane
car boxylic aci , . DIEA (175 L, 1.0 rrrmlg and HBTU (133 ny,
0.35 mml ) |41(513R1p10(c317m9th}fla?50§@13mm1) H&rﬁzewp@omﬁh:é adepemtiid- The

m xture 20 v@g, he residue was dissolved in ethyl acetate (15
Y, vas washog R hedahint (1 x 5 L), sat. NaHOOB (1 x 5 nl), brine
(1 x 5n) and was dried (MySO4). The residue obtai ned upon evaporation
was chsomat ograpl@ﬂ on 25 g of silica gel, _eI uting ‘Mct,.P ethyl acetate to
gi ve 4-(5-chl or og1- raathyl 2- 0x0- 3 ‘ 3

pyridinyl)- N[ [gl-
met hyl 25 estd

enyl al ani ne

-nethoxyethyl)cydopentyl]carbonyl
3 ositive ion, 943

, 59% . LR-El ectrospray :
(2M+Na), 483 /8, (M:NH4), 461 (M+H); negat | 19 (2MH),
521,459 (MH. 4 Jun&20Q4 WO 01/42215 34 PCT/ EPOO/ 11979 |l e 10. 4-
(5-chloro- | -nethyl-2-oxp-3.pyfidi-ny)=N_T5] 1-(2-nethoxyethyl)
cydopentyl] - &?r bonyl NT-T] Q%‘Pal anine CI 5 OCCH3 CI OH HN

o CHZO

A solution of 4-(5-chloro-1-methyl-2-oxo0-3-pyridinyl)-N-{[[1-(2-methoxy-
ethyl)cyclopentyl]carbonyl]-L-phenylalanine methyl ester (69 mg, 0.145 mmol) in
THF (3 mL) was treated with a solution of lithium hydroxide monohydrate (24.3
mg, 0.58 mmol) in water (1.0 mL). Sufficient THF was added to the mixture to

10 effect solution. The mixture was stirred 1 hr and a few drops of acetic acid were
added. The entire reaction mixture was applied to a 4 x 30 cm, C-18 reversed phase
HPLC column and eluted with a linear gradient of acetonitrile in water of 5 to 95%
over 35 min. The product containing fraction was lyophillyzed to give 4-(5-chloro-

1-methyl-2-oxo-3-pyridinyl)-N-[[1- (2-methoxyethyl)cyclopentyi]carbonyl] -L-

15 phenylalanine (48 mg, 72%) as a white solid. LR-Electrospray: m/z positive ion
943 (2M+Na), 483 (M+Na), 478, (M+NH4), 461 (M+H); negative ion 919 (2M-
H), 521, 459 (M-H).

Example 11.
20 1-Benzyl-3-bromo-5-chioro-2-pyridone

N_O N. 0O
i — X
CIL/IBI' Cl Z Br
A mixture of 3-bromo-5-chloro-1H-2-pyridone (950 mg, 4.56 mmol), freshly
ground potassium carbonate (1.26 g, 9.1 mimol} and tetrabutyl ammonium




A solution of 4-(5-chloro-I-nethyl-2-oxo0-3-pyridinyl)-N[ [ 1-(2-nethoxy-
et hyl' ) cycl opentyl ] carbonyl ] - L-phenyl al ani ne nmethyl ester (694 dpe 045
mmol) in THE (3 nL) was treated with a solution of |ithium hydroxide
monohydr W@ 04213 ng, 0.58 mmol) in water (1.0 nl). SuffPETER/IIME was
added to the mxture to 10 effect soluti36n. The m xture was stirred | hr
and a few drops of acetic acid were added. The entire reaction m xture was
applied to a 4 x 30 cm C 1S reversed phase HPLC colum and eluted with a
| i near gr adidﬂbnd)é(WOeth)nhummrédlmmahﬂﬁcaﬂfu&hbmts@B%tfwéﬁuﬁﬁanriin. The

1 ot hyl 2. oRged i 9 e £ BB s SR, T8 At B 3 om oy

-L 15 pheny! sdngperarard 8 72hr. THaMixame vavkilated withiethyl béetdE end fibageday : nl z

on 919 (20 Fé““%'%‘f SO Pyt R o S B St il B

br ono- 5- chl ofegidde pias Lfmnstedwith Bevetd] partionstofihexant. The re51due was

br ono- 5- chl or.0- IH-2 r| done 56 nr fresh| round pot assi um
carbonate (18T 9%‘69%%‘3 1%%1%% j%‘ﬂ 3864 wo

01/42215 35 f&ﬂleEE Gﬁ)%?eﬁlﬁb&ewtedf &%eﬁm Sibromms5-ghlots-2cpyriloha(d2sal | y

added.  The. Xﬁs%i#f’f o 18- ?1@‘2%@?%%%5 Blpern e, BELL 158
was diluted putb,eChyiBcetate and filtered, washing the solids with ethyl

acetate. The filtrate was evaporated to dryness and the 5 residue was
triturdted with several portions of hexane. The residue was

chr omat ograpmn%gqn 90 g of silica gel eluting with 3:1 hexane: et hyl

acetate fol 10Q% et h cet

1- benzyl - 3- th?esZeé 810521 Pﬁﬁ@ﬁé&‘ﬁ?z@*ﬁaﬁ Em%ﬂe‘hﬁ’qf@ﬁéb‘i%] &

LR(+) LSI VB! phéhyh®miheMethyl &téel, 2 Br), 298 (MH 1 , 1 Br). 10 Exanple
12. 4-(1-Benzyl - 5 chl or o- 2- oxo- 3- pyri di nyl) - N-

[ (1, 1-di met hyl et hoxy) car bonyl] -L-

HN CO,CH, c; CO,CH,
o 0

15
A solution of 1-benzyl-3-bromo-5-chloro-2-pyridone (296 mg, 0.98 mnol) and N-
[(1,1-dimethylethoxy)carbonyl] -4-{(tributyl)stannyl]-L-phenylalanine methyl ester
(560 mg, 0.99 mmol) in DMF (15 mL) was deoxygenated by alternately freezing the
mixture in a liquid nitrogen bath under vacuum and thawing under argon (3 x).

20 Bis(triphenylphosphine)paliadium dichloride (80 mg, 0.11 mmol) was ‘added and

' the mixture was heated to 90 °C for 4 hr as the mixture turned dark. An additional

60 mg of the catalyst was added and heating continued for 2 hr. The mixture was

allowed to cool, was diluted with dichloromethane, and was filtered through 2 pad
of celite. The filtrate was evaporated to dryness and the residue was

25 chromatographed over 150 g of silica gel eluting with 1:2 ethyl acetate:hexane to
give 4-(1-benzyl-5-chloro-2-o0xo-3-pyridinyl)-N-[(1,1-dimethylethoxy)carbonyl}-
L-phenylalanine methyl ester (255 mg, 52%). LMS-Electrospray: m/z 1015
(2M+Na) (4 Cl) 519 (M+Na) 514 (M+NH4)



~ phenyl al ani ne nethyl ester HN -CO2CH3 C a' ~O 15 A solution of

1- benzyl - 3- br onp- 5- chl or 0- 2- pyri done (296 ngy, 0.98 mmmol) and4 Bune 2004

[ (1, 1-di met hyl et hoxy) carbonyl]-4-[(tributyl)stannyl]-L-phenyl al ani ne net hyl
ester (5§00192219.-99 Mol ) in DVF (15 nlL) was deoxygenat egchypad/izefaat el y
freezing the mxture inaliquid nitrogﬁn bat h under vacuum and t haw ng
under argon (3 x). 20 Bis(triphenyl phosphi ne)pal |l adi um dichloride (80 ny,
0.11 nmmol) was added and the m xture was heated to 90 C for 4 hr as the
m xture tur ni%@g_rfm An additional 60 ng of the catalyst was added and
heating contrfiu Y 2 hr. The m xture was allowed to cool, was diluted
wi th di chl oronet hane, and was filtered through a pad of celite. The
filtrate was.evaporated to dryness and the resi due was 25 chromat ographed
over 150 g o%&%‘g—' gel eluting with 1:2 ethyl acetate: hexane to' give
4- (1- benzyl - §-(¢tiBenryl-Reldun-3-oxps-pytidigyl)-Liphehylalknihednethyhssteet hoxy)
carbonyl] - L- heﬂ I.gl ani ne nethyl ester (255 ng, 52% . LMS-El ectrospray:
mz 10 (2 %8? %’3 ©) 519 (MrNa) 514 (M:NH4) 4 June 2004 WO 01/ 42215

PCT/ EPOQ 11979_. 36 497 (MtH). E 2~s-mle 13.

4-(1-Benzyl - m or o- 2- oxo- 3- pyri di m L- phenyl al ani ne nethyl ester 5
hydr ochl ori de~ i\ _' C02Ci -i3 O O COZ€EE~ Cl A sol ution of .

1- benzyl - 4- (5-chl ro-ﬁ- 0x0- 3--pyridinyl) - [él, 1- di et hyl et hoxy) -

car bonyl ] - L- phen i ne methyl ester ng, 0.50 nmmol) in 4 NHO in 10
di oxane (10 niL) ifred for 1 hr C? ncentrated. The residue was
Cl

H-Ci

A solution of 1-benzyl-4-(5-chloro-2-oxo-3-pyridinyl)-N-[(1,1-dimethylethoxy)- -
carbonyl]-L-phenylalanine methyl ester (248 mg, 0.50 mmol) in 4 N HCl in

10 dioxane (10 mL) was stirred for 1 hr and was concentrated. The residue was
triturated with ether (15 mL) and was filtered to give 4-(1-benzyl-5-chloro-2-oxo-
3-pyridinyl)-L-phenylalanine methyl ester -(202 mg, 94%) as a white powder. LR-
Electrospray : m/z 1015 (2M+Na, 4 Cl), 519 (M+Na) 514 (M-+NH4), 497 (M+H).
HRMS: Obs. Mass 496.1774. Calcd. Mass 496.1765 (M+H).

15
Example 14.
4-(1-Benzyl-5-chloro-2-oxo-3-pyridinyl)-N-[(2-chloro-6-methylphenyl)carbonyl} -
L-phenylalanine methyl ester
I N._;O o P
cl P et
OCH Cl HMN OCH,
H N O 0 ©
0

CH
20 3




triturated with ether (15 nL) and was filtered to give

4- (1- benzyl - 5-chl or 0- 2- oxo- 3-pyri di nyl)-L-phenyl al ani ne net fyunedldd (202
ng, 94% as a white powder. LR- Electrospray : mz 1015 (2MtNa, 4 C ), 519
(MtNa) SMOOIMNME) , 497 (MrH). HRVS: CObs. Mass 496. 1774. PEHERY/11RHs s

496. 1765 (MrH). 15 Exanple 14. 37

4- (1- Benzyl - 5- chl or o- 2- oxo- 3- pyri di nyl ) - N[ (2- chl or o- 6- et hyl phenyl ) car bony
|1 - L-phenylal anine nmethyl ester OCH3 0 20 4 June 2004 WO 01/ 42215

PCT/ EPOQ’ 117 &lutioh &f 4 01-biérizgh5-ahloro-2-oxo-3-pyridinyl)-L-phenylalanine methyl

4-(1-b | - 5-chl - 2-, -3 ndi nyl)-1-ph | al ani t
it oonl or 1 et BrsgoRjorie 390 58PS ot SRRk ALADIE IER I ber i O
?rL )28 nmol %, d;zsﬁﬁn{ozpd t DIEAtlz(R) mltz)m? aHElHBTUK{iBE_’-I_?;;rmg, qlsts&mmulr)lh) DMFE QVF (2
was stirred at rogm tenperature for . The mxture
concent r at ed® ‘f‘?ésgnfegﬁfﬁ?gp emtggeﬁbé%g{.ﬁ&lgwﬁlrggg 8?%“%@%"2%1_ ¢ was
' V\ﬁzhedswathrgsic?u'\}d;\éh%sm'sb%_zg&ixﬁethﬁ!a):etaﬁe&ﬁhﬁbi@(‘iﬁ'v(rakhxdﬁimI&SN_Mﬁ(ﬂecf(1 X 5 m)
and was drie . _The _residue ai on .evapor ali On, Was
chr omat ogr apaklsanN2HCPs6 xéifﬂ-)egﬁ@"eﬁ,x 5 g&ﬁ@ﬂﬁgmdf!ﬁgwsgé’%& I
tate: h OVNER ey 00 il ot N
S e e S s B [
58%) . Obs. NMhging3ath 4333ethglzicetdtehokans tg give #s{iobeng-f-chlospg exotd: 15.
4-(1-B | -5-.ghl - 3- b Chi h 5 b
4 O ooVt e e cRtob i AU bBE Ay RadikL Ichijeq! ) carbony

( 2- chilor o- 6-(feidzy 5§HerObs) MasbHisTyiB]3.-Calqdl Maen337. 1320 M-did b- 2-

Example 15.
4-(1-Benzyl-5-chloro-2-oxo-3-pyridinyl)-N-{(2-chloro-6-methylphenyl)carbonyl] -
L-phenylalanine

15

Y

OCH,

0O

CH,

Cl HN

A solution of N-[(2-chloro-6-methylphenyl)carbonyl} —4-(1—benzyl-5—chloro-2—
oxo-pyridinyl)-L-phenylalanine methyl ester (72 mg, 0.13 mmol) in THF (3 mL)
‘was treated with a solution of lithium hydroxide monohydrate (22 mg, 0.52 mmol)

20 in water (1.0 mL). Additional THF was added to effect a clear solution and the
reaction mixture was stirred 1.5 hr at which time, TLC ( ethyl acetate) indicated
starting material was consumed. A few drops of acetic were added and the entire
reaction mixture was, applied to a 4 x 30 cm, C-18 reversed phase HPLC column
and eluted with a linear gradient of acetonitrile in water of 5 to 95% over 35 min.

25 The product containing fraction was lyophillyzed to give 4-(1-benzyl-5-chloro-2-
oxo-3-pyridinyl)-N-[(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine (50 mg,
719%) as a white solid. LR-Electrospray : m/z negative ion 533 (M-H (2 CI));



0oxo0- pyri di nyl)-L-phenyl al ani ne nmethyl ester (72 ng, 0.13 mml) in THE (3
nm) was treated with a solution of |ithium hydroxi de nonohydldene2§® ny,
0.52 mml) 20 in water (1.0 m.). Additional THE was added to effect a dear
sol uti on WedHRAS reaction m xture was stirred 1.5 hr at wWdTEPWwiimg9 TLC
(ethyl acetate) indicated starting matesgal was consuned. A few drops of
acetic were added and the entire reaction mxture was applied to a 4 x 30
cm C- 18 reversed phase HPLC columm and eluted with a linear gradient of

acetonitrile posnwat&f 59F (MB+118), S5 NHB D535 (M-+RBT2 TP. HMS&@bsCMHsﬁI ni ng
fracti on was I¥ Rhl| ﬁgd tqﬁgkve ?Né] benzyl - 5- chl or o- 2-

0oXxo0- 3- pyridi rﬁ? )1 [Ciaic enyl ) car bonyl ] - L- phenyl al ani ne (50
ng, 71% as a white solid. LR-Electrospray : nlz negative ion 533 (MH (2
c)); 4 June 2004 WO 01/42215 38 PCT/ EP0O0/ 11979 positive ion 557(M+Na), 552
(MeNH4), 535 Doemplel6. 1)), HRMS: Obs. Mass 535.1190. Calcd. Mass 535.1191
(MrH) anplg(l - -2- dinyl)-N-{{1-(2-methoxyethyl entyl
4-(1- Bergl)z(yl @(Ihlﬁgl%z?lgcg(og? -%ﬁ ?(?Yn ) [[1((2 rne}':yhoxyy)e ?)cf% opent yl ]
- car bonyl ] - 1c2ptesnditla pbmyﬂ‘%ame@ﬁgﬁm&&t@r H- Cl CoRCH3 C CHBO HN- - CORCH3
O A solution of 4-(1-benzyl-5-chloro-2-oxo-3spyridinyl)-L-phenyl al ani ne

met hyl 10 esthydrochl oride (100 ny, O.%

H Q

nenol ), 1- ( 2- ¢ xyet hyl ) cycl opent ane car béx
DI EA (200 L, 1. ¥l ) and HBTU (133 ng, 0.35 pl ) .in DMF (2 nL) was
stirred at roon1te«-ek§ture for 18 hr. The m x Ovas concentrated, the
resi due was dissqfvefin ethyl acetate (15 rnLj, M ashed with 0.5 N HC
(1 x 5 nL), sat Mg 1x 5 nL), brine (1Ch 4 was dried 15
(MgS™) . The r €Ki ned upon evaporation was &hLgwat ographed on 25 g
of silica gel, I NY
4- (I benzyl 5-chl oro-2- oxo§3- pyrldlnyl) [

acid (47 nmg, 0.28 mmol),

A solution of 4-{1-benzyl-5-chloro-2-oxo-3-pyridinyl)-L-phenylalanine methyl

10 ester hydrochloride (100 mg, 0.25 mmol), 1-(2-methoxyethyl)cyclopentane
carboxylic acid (47 mg, 0.28 mmol), DIEA (200 pL, 1.2 mmol} and HBTU (133 mg,
0.35 mmol) in DMF (2 mL) was stirred at room temperature for 18 hr. The mixture
was concentrated, the residue was dissolved in ethyl acetate (15 mL), was washed

with 0.5 N HCl (1 x 5 mL), sat. NaHCO; { 1x 5 mL), brine (1 x 5 mL) and was dried

15 (MgSOQy,). The residue obtained upon evaporation was chromatographed on 25 g of
silica gel, eluting with 60:40 ethyl acetatechexane to give 4-(1-benzyl-5-chloro-2-
oxo-3-pyridinyl)- -N-[[1-(2-methoxyethyl)cyclopentyl] carbonyl}-L-phenylalanine
methyl ester (80 mg, 63%). LR-Electrospray : m/z 1123 (2M+Na), 1118
(2M+NH4), 573 (M+Na),

20 568 (M+NH4), 551 (M+H (1 ClI}). HRMS: Obs. Mass 5531.2297. Caled. Mass
551.2313 (M+H).

Example 17,
4-(1-Benzyl-5-chloro-2-oxo-3-pyridinyl)- N-[[1-(2-methoxyethyl)cyclopentyl}-
25 carbonyl]-L-phenylalanine




met hyl ester (80 ng, 63%. LR Electrospray : mz 1123 (2MtNa), 1118
(2M+NH4), 573 (MtNa), 20 568 (M-NH4), 551 (MtH (1 d)). HRVE4 J@is200¢as s
551.2297. Calcd. Mass 551.2313 (MtH). ale IT

4- ( 1- BenW0054224% or 0- 2- ox0- 3- pyri di nyl ) - PCT/EP00/11979

N-[[ 1- (2- net hoxyet hyl ) cycl opentyl ]- 25 3gar bonyl ] - L- phenyl al ani ne 4 June
2004 WO 01/ 42215 39 CO2H PCTI EPOO/ 11979 A sol ution of

4- (1- benzyl - 5-chl oro-2-o0xo0-3-pyridinyl)-N[[1-(2-

met hoxyet hyl . ) cycl opentyl ] car bonyl ] .4.- phenyl al ani ne nmet hyl ester (78 ng,
0.142 mmol) THE (3 nL) was trefpteg with a solution of |ithium hydroxide
5 nonohydr at 4 ng, 0.57 nmmol) iwxy@Eter (1.0 nL). Sufficient THE was
added to the mxfure to effect sol ut|o : e mxture was stirred 1 hr and
a few drops of bepPc acid were added g entire reaction mixtufe was
applied to a 4 § 3¢ cm C 18 reversel pse HPLC colum and eluted with a
gradi ent of auétvd? e, in water @ 5% over 35 min. The product

containing fraction ophilly y
3-pyri (£1rnyl) -

4- (5-chl oro- I-benzyl\2

[ 1- (2- met hoxyet hyl ) cycl g Rs éH car bonél ]
‘as a white sol Cd,O\LAVS-H ec Bsr?ray

(M:NH4) , 537 (M+H (T G o negative ion 535
537.2151. calcd. masg 537.2156 (M+H). 15 Ex
3- Bronp- 1H 2- pyri done—'To a sol ution of IH yrldone(lgg, 20 mmol ) in

I M aqueous ot assi um was I ution of brom ne
(3.2 g, %’?Bﬁl) on P f‘(ﬁll%e?&a@ gﬁﬁ -g-ogzlo 3mpB?%Wd1§.§\?|. E’o L) over 5 min. The
reaction mmadld:@&ﬁgﬂ)t;@loppntyﬂeﬁﬂommﬂnplgﬁnylah:ﬂndzhethybstdrt(v&gztgpﬁ @Ipitate
was col |l ected t Recr alli,zatiop.fromacetonitrile afforded
0.78 g of 3UBP ﬁﬁﬁ?ﬁa@@qﬁ% %5 50 SRR BSERRN Lrog) 11096
5 monohydrate (24 mg, 0.57 mmol) in water (1.0 mL). Sufficient THF was added to
the mixture to effect solution. The mixture was stirred 1 hr and a few drops of

- Ly “al ani ne (45 ng, 60%
sitive rfon 559 (MtNa), 554
™ (1 d)). HRVE: obs. nass

acetic acid were added. The entire reaction mixture was applied to a 4 x 30 cm, C-
18 reversed phase HPLC column and eluted with a gradient of acetonitrile in water
of 5- to 95% over 35 min. The product containing fraction was lyophillyzed to give

10 4-(5-chloro-1-benzyl-2-ox0-3-pyridinyl)- N-{[1-(2-methoxyethyl)cyclopentyl]-
carbonyl]-L-phenylalanine (45 mg, 60%) as a white solid. LRMS-Electrospray: m/z
positive ion 559 (M-+Na), 554 (M+NH4), 537 (M+H (1 Cl)); negative ion 535 (M-
H (1 Cl)). HRMS: obs. mass 537.2151. calcd. mass 537.2156 (M+H).

15 Example 18.
3-Bromo-1H-2-pyridone.

To a solution of 1H-2-pyridone (1.9 g, 20 mmol) in 1M aaueous potassium
20 bromide (20 mL) was added a solution of bromine (3.2 g, 20 mmol}in 1 M
agueous potassium bromide (40 mL) over 5 min. The reaction was allowed to
proceed overnight and the resulting precipitate was collected to give 1.4 g.
Recrystallization from acetonitrile afforded 0.78 g of 3-bromo-1H-2-pyridone.




40 Exanple 19. B Y- -":0 | CH3 3-Brono-i-nethyl-2-pyridone. A m xture of
3-brono- | H 2-pyridone (740 ngy, 4.25 mmol), potassi um car bonad dung30088g, 8.5
mol ) and i odonmet hane (2.65 nL, 42.5 mmol) in DME (10 inL) was 5 heated to
reflux oVe@ALES The nmixture was filtered, washing w th BEREPOHHETat e and
the filtrate was evaporated to dryness. 40he residue was purified by dry
colum chromat ography over 27 g of silica gel, eluting with ethyl acetate
to give 3 brono-I- nethyl-2-pyridone (0.63 g, 79% . LRMS (eI ectrospray),
positive ionExafifle@®H) . 10 Exanple 20. 3-brono-I-nethyl- pyri done. and

3, 5-di br ono- I-rrettB/I-Z pyridone CH3 CH 3 NCO ~N~-O Br Br' 'Br A solution
of 1-nethyl - one(2 73 g, ) and bromne (1.4 nL, 27 15 mol)
in glacial a bt | aC|d_(_.15?uL |vva stirred 48 hr at roomtenperature. The
m xture was cofcefrated. The redy di@ was t aken up in wat er (100 i), nade
~basic to litnus paper wth 10 Nc&gdiu drOX|d ? extracted with
di chl oronet hane (3 x 50 nL). The conbi Ié‘?t WetYE hed with brine

5 gm&h?QﬁAg‘F’ojx&"gs(’g”S???'?‘°‘lmt“ dﬁ@ﬁ%ﬁ%"é’i D o
gel , el uti ng (11 8gn 8.5 :remel) ap mmth?’é"&e@ééﬁiﬁ‘%cﬁ%m“ﬁ? (0 é‘f’-ﬁ?%/

acet at & hexafgted ﬂ)ereflbi &erﬁgm:’ g 1) gmicﬁu'@{v% Fiter¥@® Svashing with ethyl acetate and

3, 5-di br ono- 1- net hyl - 2- pyri done 309, LR Electrospray; mz 266
(MeH (2 Br))thq\ﬁimem@ﬁyapar%e essgﬂ)ere# EQUaf(Eimf} edbydry colpmn 7 791
(d, j 7 2.7¢ arﬂ: Ve Pﬁﬂ& ehddin Qcetate to give 3-b omo- 1-
3-brono-1 - rretlﬁ%ﬁaz % I'done ( %‘j 8 tJ@EI ecfrgsglpfay -
positive i onﬂE M(eieamv E%It“’f’l\‘spn’[lg8 (M"'H)

(1, 1- D net hyl et hoxyl )car bonyl ] -4- ( 1- net hyl - 2- oxo- 3- pyri di nyl ) - L-

10 Example 20.
3-bromo-1-methyl-2-pyridone and 3,5-dibromo-1-methyl-2-pyridone

cr;H3 (I;Hs
N 8] N. 0O N O
g — L ~ 1T
a Br Br Br

A solution of I-methyl-2-pyridone (2.73 g, 25 mmol) and bromine (1.4 mL, 27

15 mmol) in glacial acetic acid (150 mL) was stirred 48 hr at room temperature. The
mixture was concentrated. The residue was taken up in water (100 mL), made basic
to litmus paper with 10 N sodium hydroxide and was extracted with
dichloromethane (3 x 50 mL). The combined extracts were washed with brine (30
mL) and dried (MgSO,). Filtration and evaporation of the solvent gave 4.7 g, which

20 was purified by dry chromatography over 150 g of silica gel, eluting with 1:6 ethyl
acetate:hexane followed by 1:1 ethyl acetateshexane. The first compound to elute
was 3,5-dibromo-1-methyl-2-pyridone {2.0 g, 30%), LR-Electrospray : m/z 266
(M+H (2 Br)). NMR(CDCI3) & 3.597 (s, 3H), 7426 (d,} = 2.7, 1H), 7.791 (4, j =
2.7, 1H). The second compound to elute was 3-bromo-f—methyl—Z»pyridone (1.39

25 g, 30%), LR-Electrospray : m/z positive ion 251 (M+Na+CH3CN), 188 (M+H).

Example 21.
N-[(1,1-Dimethylethoxyl)carbonyl]-4-(1-methyl-2-oxo-3-pyridinyl)-L-
phenylalanine methyl ester.




phenyl al ani ne net hyl ester. 4 June 2004 WD 01/42215 41 PCT/ EPOOL111979 H V
-C2CH3 0-1--0 HN -COCH ~0"~0 2 3 A solution 4 June 2004

of 3- br ono- 1- net hyl - 2-pyridorie (94 ng, 0.50 mvol) and N-[(1, 1-

di net hyl ¥0®M32038r bonyl ] -4-[(tributyl)stannyl]-L-phenyl aPERERSO/HBTHY |
ester (284 5 ng, 0.50 mmol) in DVF (3 rat) was deoxygenated by alternately
freezing the mxture in a liquid nitrogen bath under vacuum and t haw ng
under argon (3 X). bis(triphenyl phosphi ne)palladiumdichloride (40 ng,
0.057 mml) was added and the mixture was heated tQHQ0 C for 3 hr as the
m xture turned dark. TLC i ndi;&?é‘d‘ that the reactizn \was not conpl ete and
an additional 20 ny pW he catal yst 10 wag ad Hed and heati ng
continued for .\h ThHe o-wgs al lowed to codh R mgs diluted with
di chl oronet h ne 20 n.). and Itered t hrough a pad ¢elite. The

filtrate was ated to dryns and Lhe_%l due was th®selved in 1:1
et her - et hyl - &ﬁtate (20 . The s@| ution s washed vmth pter (1 x 10
m.), 5% potassFUm fl uori de 2| xH M GO:EHd water (1 x 0RYCras dri ed
(MgS™) . The residue 15 obt ai n concentration togr aphed

over-25 g of silica gel eluting™w h 4:6 ethyl acetate: exa e to give
N-[(1,1-dinmethylethoxyl)carbonyl]-4-(1-

met hyl - 2- oxo- 3- pyri di nyl ) - L- phenyl al ani ne net hyl ester (64 ng, 33%. LRVG-
El ect r ospr ayA solmtion pb3ibrome- I-mrethyra5pytrizivmnids mad.30vmmagl) 387NCRY . HRVS:

Zb? 1- ﬁtsf]ylge’ %ﬁ?g@b&g ‘lg\ﬁl iﬁéﬁ#?%%ﬁéﬁﬂ!@eph&?ﬁ%&gﬂnﬁd%ﬁyér oc?ﬁ ori de
It HCs HN- m@RSHRwnk6ING DMBARBGRIB) was deoxygenated by alternately freezing the
mixture in a liquid nitrogen bath under vacuum and thawing under argon (3 X).
bis(triphenylphosphine)palladium dichloride (40 mg, 0.057 mmol) was added and
the mixture was heated to 90 “C for 3 hr as the mixture turned dark. TLC indicated
that the reaction was not complete and an additional 20 mg portion of the catalyst
10 was added and heating continued for 4 hr. The mixture was allowed to cool and was
diluted with dichloromethane (20 mL) and was filtered through a pad of celite. The
filtrate was evaporated to dryness and the residue was dissolved in 1:1 ether:ethyl
acetate {20 mL). The solution was washed with water (1 x 10 mL}, 5% potassium
fluoride (2 x 5 mL) and water (1 x 10 mL) and was dried (MgSQ,). The residue
15 obtained upon concentration was chromatographed over 25 g of silica gel eluting
with 4:6 ethyl acetate:hexane to give N-[(1,1-dimethylethoxyl)carbonyl]-4-(1-
methyl-2-oxo-3-pyridinyl)-L-phenylalanine methyl ester (64 mg, 33%). LRMS-
Electrospray : m/z positive ion, 795 (2M+Na) 409 (M+Na) 387 (M+H). HRMS:
Obs. Mass 387.1935. Calcd. Mass 387.1920 (M+H).
20

Example 22,
4-(1-methyl-2-oxo-3-pyridinyl)-L-phenylalanine methyl ester hydrochloride

=

=

o
Z-0
\ /X

H-Cl
_._+

>|\ H/‘L CO,CH, HN" ~CO,CH,
0 0




0 4 June 2004 WO 01/42215 PCT/ EPOQ 11979 A sol ution of

1, 1- di net hyl et hoxyl ) car bonyl ] - 4- ( 1- net hyl - 2- oxo- 3- pyri , dft dymg 2004

enyl al ani ne net hyl ester (60 ng, 0.155 mml) in 4 N HO in dioxane (4

_ was WAL or 2 hr and was concentrated. The resi dRECHERIOUET ur at ed
W th several portions of ether to give 42

4- (1- met hyl - 2- oxo- 3- pyri di nyl ) - L- phenyl al ani ne nethyl 5 ester hydrochl oride
(55 ng, quart) as a white powder. LRVS-Electrospray : mz positive ion 573
(2MrH) 328 ( Mebel@HIOMN N4 (191 -dinekih@ldBiyl) 28 B or -4 (1- meRNR2 - okb S -pvidinyl) -

L2 br oo 5 Dyt uertRO AR i € Sesctin sigyme dempy
B o O e P L e ori de
(oo o o) 1o manifhe Srtis f BV (oRABDY BB AR phesy Blsninpmebil P
SETAR G T e e 5 At SN A R
TS e ans droBaE PR Sas B B ERBENTI e RERERT A R\ 1o
(1 x 5 ), BERMSNABOBEsE 287 B3Il CalchrMas 281.1396(MEH)and was dried (MgSO4) .

The residue obtained upon evaporation (85 ng) was chromatographed on 25 g
of silica 20 gel, eluting with ethyl acetate to give

N- [ ( 2- br ono- Eamiple®@dy phenyl ) car bonyl ] - 4- :

(1- et byl - 2- =3 pyridin - L5 ph |, al api nmethyl, ester (54 .689) .
HRVE: t . %i@%ﬁgﬁ@%nﬁ%@ﬁgg&w%mxéﬁa@@g - 25 N[
(2- br ono- 5- mgshbsylsiphiae yeigdeqenyl | - 4- (1- met hyl - 2- oxo- 3- pyridinyl)-L-
phenyl al ani ne 4 June 2004 WO 01142215 PCT/ EPQHO’ 11979 43 CH,

¢Hs N0

N. O I
| (fl@j\
P

HN™ ~CO,CH,

H,N" ~CO,CH, CH,O
\[ I gc)
H~Cli &

A solution of 4-(1-methyl-2-oxo-3-pyridinyl)-L-phenylalanine methyl ester
hydrochloride (52 mg, 0.16 mmol), 2-bromo-5-methoxybenzoic acid (45 mg, 0.19
15 mmot), DIEA (140 pl, 0.80 mmol) and HBTU (85 mg, 0.22 mmol) in DMF {3 mL)
was stirred at room temperature for 18 hr. The mixture was concentrated, the
residue was dissolved in ethyl acetate (15 mL), was washed with 0.5 NHCI (1 x5
mL), sat. NaHCO; ( Ix 5 mL), brine (1 x 5 mL) and was dried (MgSOy). The
. residue obtained upon evaporation (85 mg) was chromatographed on 25 g of silica

0- k-
N-T (
L- ph
m.)

20 gel, eluting with ethyl acetate to give N-[(2-bromo-5-methoxyphenyl)carbonyl]-4-
(1—methyl—Z-oxo-S-pyridinyl)-L-phenylalanine methyl ester (54 mg, 68%). HRMS:
Obs. Mass 499.0872. Calcd. Mass 499.0869 (M+H) -

Example 24.
25 N-{(2-bromo-5-methoxyphenyl)carbonyl]-4-( 1-methyl-2-oxo-3-pyridinyl)-L-
phenylalanine




CH ,o0 .NN_-OAsolution of

N-[(2- br ono- 5- et hoxyphenyl ) car bonyl ] - 4- (i - net hyl - 2- oxo- 3- 4 June 2004

pyridi nyl)-L-phenyl al ani ne net hyl ester (52 ng, 0.104 mmol) in THE (3 nlL)
‘was 5 troMOd4WITh a solution of |ithium hydroxi de nonohy8@CRERIYR9™ny, 0. 47
mmol) in water (1.0 nL). Methanol (0.5431) was added to effect a clear
solution and the reaction mxture was stirred 18 hr. Acetic acid (0.5 nl)
was added, the entire reaction mxture was applied to a 4 x 30 cm C-18
reversed phase HPLC golum and eluted w tigHa gradient of acetonitrile in
water of 5 to 95% O\g,e?035 m n. The 10 prog Scontai ning fraction was

| yophillyzed to giyfe [ (2-brono-5-
met hoxyphenyl ) car bOwy 4: (1- net hyl - 2- oxo-3-p
ng, 78% as a white so HRIVS: Oos. ss 485-¢€
(MtH) . 15 Exanple 25. 4-(54brono-1I- - 2- OX0.34 oHdi nyl ) - N-

[ (1, 1-di net hyl et hoxyi )caﬁ yoTopicH, - L- phen anin Bt hyl ester. HN- -co2CH3

0-'--0 A sol utionciap |brom) I-rrethyl déhe (267 nmg, 1.0 nunol)
and N-[(1, 1- gaf
di et hyl et hoxy) car bonyf] -&-[ (tribut)rl)stannyl]- L- phenyl al ani ne net hyl

ester (568 ng, 1.0 nmol) in DMF (7 nL) was deoxygenated by alternately
freezing the mxture in a liquid nitrogen bath under vacuum and t haw ng

under ar gon A 3olion obNs[(2-brqhedyinpthospiiengl)pabbayi-4rilcnethyb2iode-3-80 ny,

0 1T S At R R TR 4l

i ndi cafed ttnetted with a sclatiom of kthium bydrogide nedmoteydeata (20midj 0.4Dmaol}i® Ny

portion of th and n nt, nued .f or The
xt ur e was HPOES MahRRol RS Sl W ABRLIS SRR BB lrieer st 20"y
and was fi | treaasbntrhixourg levas stixaal Iﬁhxcﬂteﬂcemdm]eﬁ ml) was added, the entire

reaction mixture was applied to a 4 x 30 cm, C-18 reversed phase HPLC column

i nyl)-L-phenyl al ani ne (39
Cal cd. Mass 485.0712

- and eluted with a gradient of acetonitrile in water of 5 to 95% over 35 min. The
10 product containing fraction was lyophillyzed to give N-{(2-bromo-5-
methoxyphenyl)carbonyl]-4-(1-methyl-2-oxo0-3-pyridinyl)-L-phenylalanine (39
mg, 78%) as a white solid. HRMS: Obs. Mass 485.0703 Calcd. Mass 485.0712
(M+H).

15 Example 25.
4-(5-bromo-1-methyl-2-oxo-3-pyridinyl)-N-{(1,1-dimethylethoxyl)carbonyl]-L-
phenylalanine methy] ester.

SNY W0
0o "0
A solution of 3,5-dibromo-1-methyl-2-pyridone {267 mg, 1.0 mmol) and N-[(1,1-
20 dimethylethoxy)carbonyl]-4-[(tributyl)stannyl}-L-phenylalanine methyl ester (568
mg, 1.0 mmol) in DMF (7 mL) was deoxygenated by alternately freezing the
mixture in a liquid nitrogen bath under vacuum and thawing under argon (3 X).
bis(triphenylphosphine)palladium dichloride (80 mg, 0.11 mmol) was added and



5 filtrate was evaporated to dryness and the residue was dissolved in ethyl
acetate (30 nL). The solution was washed with water (1 x 104dune 2¢o4
potassiumfluoride (2 x 10 nL) and brine (1 x 5 nL) and was dried (MySOH).
The resi M@ WHBEHFned upon concentration was chronat ogr apRETERMEI2S g of
silica gel eluting wwth 3:7 ethyl aceta#ehexane to give

4- (5- brono-| - et hyl - 2-oxo-3-pyridinyl)-N[(1,1 10

dunet hyl et hoxyl ) car bonyl ] - L- phenyl al ani ne nmethyl ester (140 ng, 30% . FAB
MB:. 465 ( Mt+khethixBige)was Ema@tcwm for 3 hr as the mixture turned dark. TLC mdlcated

Iy ochi or 1 QPR i W Sl amiletiant - AUARLFyG o) St o - oo

H C A sol ut MQEIadﬁed and heatmg contmued for 4 hr. The mixture was aIlowed to cool and was

N-[(1, 1-di t b b tﬂ% - 25
pyl[‘l(dl nyl I) nﬁdﬂﬁt@ﬁ %Xéﬁl%lcar“h‘gg“fvﬂ? (4éé]§@?%%%re bhﬁtﬁ)i [fﬁeh&e IqhiflCI in
20 di oxane ( Eltfdtg waBsvapbiatedad dfyafesead&thammdms«vammaméd i @byl addreter(88i due
was triturat Wh sever al

t

e C5- br ono- 1 e A sehiarova wahed withgreser (€ siDinph s piessinan Agpride 2on
hydr?chl or | d@g%aagz;\x&mq(@mg)?@smam|ﬂd( PE280R). The R dbedinabap wpay ;n;z
ositive ion r r)),
D85 (MrH1 (1 EPaophtrraRmas Shsombtontaphed Q¥ At ssh B8 HutiREsiatsad Bsb1 Nk
Fz(grfg e 275 Bl:et:ﬁe -hexane to ve 4-(5-bromo-1- meéhyé -2-0xo0- 3-p idiny Il) -N-[{3,1-

r Q- ro -
pyri di¥1) - L gﬁﬁF@Pﬁ’fﬁ%@ﬂb@ﬁh%@i@éﬂ%m}% eﬁmg%ﬂﬁ& gff@ MS:
PCT/ EPO0/ 119285 (MPHQ@AH B A sol ution of
4- (5-brono-1 - nethyl 2- 0xo- 3-pyridi nyl ) -L-phenyl al ani ne net hyl

Example 26.
4-(5-bromo-1-methyl-2-oxo-3-pyridinyl)-L-phenylalanine methyl ester
15 ' hydrochloride
LI@i\llco CH, H,N" ~CO,CH,
H-Cl

A solution of N-{(1,1-dimethylethoxyl)carbonyl]-4-(5-bromo-1-methyl-2-oxo-3-
pyridinyl)-L-phenylalanine methyl ester (135 mg, 0.29 mmol) in 4 N HCl in

20 dioxane (5 mL) was stirred for 2 hr and was concentrated. The residue was
triturated with several portions of ether to give 4-(5-bromo-1-methyi-2-oxo-3-
pyridinyl)-L-phenylalanine methyl ester hydrochloride (120 mg, quant) as a white
powder. LRMS—Elecirospray: m/z positive ion 729, 2M+H (2 Br}, 406
(M+H+CH3CN), 397 (M+H+CH3CN (1 Br)), 365 (M+H (1 Br)). HRMS: Obs.

25 Mass 365.0504. Calcd. Mass 365.0501 (M+H).

Example 27.
N-{{2-bromo-5-methoxyphenyl)carbonyl]-4-(5-bromo- 1-methyl-2-oxo-3-
pyridinyl)-L-phenylalanine methyl ester



ester hydrochloride (120 ng, 0.30 nmol), 2-brono-5-nmethoxybenzoic acid (82
5 ng, 0.36 nmaol), DIEA (260 L,1.5 mml) and HBTU (157 ny, 044une@@¥H) in
DMF (4 nL) was stirred at roomtenperature for 18 hr. The m xture was
concent r WOPIHRHE resi due was dissolved in ethyl acetate PEEERPY119§hs
washed with 0.5 NHa (1 x 5 nL), sat. MAHCO3 ( Ix 5 nL), brine (1 x 5 nl)
and was dried (MgSO4). The residue obtai ned upon evaporation (180 ng) was
chromat ographed 10 on 25 g of silica gel, eluting with 3:1 ethyl

acet at e: hexane tdfl'g,l ve N-[(2-brono-5- GHs

net hoxyphenyl ) camhop®l | - 4- (5brono- 1 - met hyl - .
phenyl al ani ne @ ester (130 ng, 769%. H H: s. Mass 576.9959. Cal cd.
Mass 576. 997 M~ LaxExanpl e 28 N-[(2

br ono- 5- met hoxyphenyl rbon - br orm? met hyI

pyri di nyl)-L-phenyl al y CH3 HB N, e-0O A s¢Tu
N-[ ( 2- br onp- 5- met hoxyphen car bonyl ] - (5 brono- 1- net hd - 2- 20

oxo- 3- pyri di nyl ) - L- pheHN al'@RiGs net hyl ester (29 rrg,H .05QF ) in THE (3
nL) was treated with a gplgtion of |ithium Hj@Cox| eg pepohydrate (20 ng,
0.47 mol ) 4 June 2004 WO 01/ 42215 PCT/ EPOO/ 1197 inwater (1.0 m).
Met hanol (0.5 nL) was added to effect a clear sol Orgrand the reaction
m xture was stirred 18 hr. Acetic acid (0.5 nL) was added, the entire
reaction mxture was applied to a 4 x 30 cm C- 18 reversed phase HPLC

over 135 m'n. ApEgedralsdi8hat BlTa-B65 BLHNDA Pl © BUL
[m(atz hblr or2TD ;))E:es_tB 1 di )(la_mliaghbﬁﬁliqmom-Zélfrohrceﬁunethoxybenzom > (82| te solid.
s oo, © N B0 BY SRR G0 BRSTY bih ‘Sgﬁ%{ g%ﬂ)mgg 5%1@"‘ L
Preparati on DME [{mmmre@-mdmltphpcmu)'cfmﬂ&hﬂ]‘he@(nummdsyl

2- 0x0- 3- pyr i gL Dl o2 e ANE ] Rl BAL AR sdTRLA Y eti§P1&8at(15 mL), was washed with

0.5 N HCI (1 x5 mlL), sat. NaHCOj3 ( 1x 5 mL), brine (1 x 5 mL) and was dried

(MgSOy4). The residue obtained upon evaporation (180 mg) was chromatographed

10 on 25 g of silica gel, eluting with 3:1 ethyl acetate:hexane to give N-[(2-bromo-5-
methoxyphenyl)carbonyl]-4-(5-bromo-1-methyl-2-oxo-3-pyridinyl)-L-
phenylalanine methyl ester (130 mg, 76%). HRMS: Obs. Mass 576.9959. Calcd.
Mass 576.9973 (M+H)

15 Example 28.
N-{(2-bromo-5-methoxyphenyl)carbonyl]-4-(5-bromo-1-methyl-2-oxo-3-
pyridinyl)-L-phenylalanine

T3 (I:Ha
[ N. -0 N O
= I
Br Br e
OCH -
HN 3 HN OH
CHsoC(KO o CHSOCEKO 0

Br

Br
A solution of N-{(2-bromo-5-methoxyphenyl}carbonyl]-4-(5-bromo-1-methyl-2-
20 oxo-3-pyridinyl)-L-phenylalanine methyl ester (29 mg, 0.05 mmol) in THF (3 mL)
was treated with a solution of lithium hydroxide monohydrate (20 mg, 0.47 mmol)



Ove C16H19CNZC3 Mol . W.: 322.79 OH C$HTCLIO2 Mdl. W.: 170.59 Owe
C24H23CIN2O4 Mol . W.: 438.90 To a suspensi on 4 June 2004

of 4- (1- met hyl - 2- oxo- 3- pyri di nyl ) - L- phenyl al ani ne nmet hyl ester

hydr ochl W@ég‘”&&?t (101 ng, 0.313 mol), 2-chloro-6-net hyFEERPVHEIRCci d (60
ng, 15 0.35 mmwl) and HBTU (133 ngy, O. 3§6rrrml) in DVF (2 nL) was added DI EA
(122 .iL, 0.88 nmol) at roomtenperature. The resulting m xture was
stirred for 15 h. Then, the m xture was poured into water (25 nL) and the
or gani ¢ corrpmmatemﬁﬁnﬂ&.tMeﬁhami(Dﬁmmmddadmﬂméﬂm@mdngnd te

(25 my, sat MPabenRarra et R et aE o SHp PR Rt i Liidd 0 0 T

were dried ommemhmctnmmmpghekﬂomﬂ:sﬁﬂ)tmt@-l&-‘newrseﬁphaaebﬂlﬂwlmyl ng agent

d t th d t._which | |
s concent | o 54, LOSaRAVE LRy LT By | 2
of N [5(2-¢c fdﬂh&&ﬂ@hhgl&nh&mythly@hﬁmﬁhogﬁeNl@nﬁohyd -52- oxo 3-

PAB: RV )22%’%@? HipotBlidserrea i A58 TSRS 350 1a1a.

Exanpl e 30. Waﬁn@@ZQﬁg, 79%) as a white solid. HRMS: Obs Mass 562.9814. Calcd.

N-[ (2-chl oro wﬁém_&licar bonyl ] -4-(1-met hyl -

2- 0X0- 3- pyr| | ani ne 4 June 2004 WD 01/42215 PCT/ EPOQ 11979
47 N. .,,O 024HHC1N204 C23H21 C1IN204 NMol. W.: 438.90 Mol. W.:
424. 88 To a

(2- chl ¥ o- 6- ﬁg{q&&g gh&%ﬁ %H‘Lgﬁgh[fz'&hlpio-ﬁg{lﬁyylpgemgagbonyll -4~(1-methyl-

pyridi nyl) - Ly phemppidiayine-piinfdlantetféthilledtermg, 0. 269 nmol ) in ethanol (6
m.) was added IN gqu(ggts sodi Em hydromgle solution (4 nL) at room

t enperature. N
N._.O {
| s
o ‘ Cl 0O

o >
L g

OMe
HOLRN 0 C.H.CIO C{KO ©
84T 2

- C,6H,CIN,O, Mol. Wt: 170.59

Mol. Wt.: 322.79 C,,Hy:CIN,O,
Mol. Wt.: 438.90

To a suspension of 4-(1-methyl-2-oxo-3-pyridinyl)- L—pheuylalanme methy} ester
hydrochloride salt (101 mg, 0.313 mmol), 2-chloro-6- methylbenzmc acid (60 mg,
15 0.35 mmol) and HBTU (133 mg, 0.35 mmol) in DMF (2 mL) was added DIEA (122
uL, 0.88 mmol) at room temperature. The resulting mixture was stirred for 15 h.
Then, the mixture was poured into water (25 mL) and the organic compound was
extracted into ethyl acetate (2 x 15 mL). The combined ethyl acetate extracts were
washed successively with 0.5 N HCl (25 ml), saturated NaHCOs solution (25 mL),
20 - brine solution (25 mL} and were dried over anhydrous magnesium sulfate.
Filtration of the drying agent and concentration gave the crude product which was
purified by silica gel chromatography using a Biotage (40s) column to afford 122
mg (88% yield) of N-{(2-chloro-6-methylphenyl) carbonyl}-4-(1-methyl-2-o0xo-3-
pyridinyl)-L-phenylalanine methyl ester as an amorphous white solid. FAB-HRMS
25 m/e caled for CosHasCIN,O4 (M+H) 439.1425, found 439.1414.

Example 30. Preparation of N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1-methyl-
'2-0x0-3-pyridinyl)-L-phenylalanine



5 The resulting solution was heated to 50 C and stirred for 2 h. Then, the
ethanol was renoved under vacuum and the residue was dil ut eddwia 200at er
(25 nL.). The aqueous solution was washed with diethyl ether (25 nl) to
renove ar®OMMIHR|  inpurities. The aqueous |ayer was aci BEFEBOMIHTH 1.0 N
HCl1 and the product was extracted into4®thyl acetate (2 x 25 nL) . The
conbi ned organic extracts were 10 washed with brine solution (50 rL) and
were dried over anhydrous nagnesium sulfate. Filtration of the drying
agent and concentration afforded 81 ng (71%yield) of N

(2-chl oro-6- hylphenyl ) car bonyl | - 4- (| - meNtyJlO 2- oxo- 3- pyri di nyl ) - L-

phenyl al ani ng| asj’a white solid: np 204-2 p CI' FAB-HRVS me cal cd for
C23H21Cd N2O4 N+ H) . 1268, found 425. 126 Bxanpl e 31. Preparation of
N-[ (2, 6-dichlorop
0X0- 3- pyridinyl)-L-y | al ani ne a) Prepar ati on™of
1, 4-di net hyl - 2( 1H) - pyr i &Qone©Ne Co6

Mol . W.: 123.15 ¥ sudbensi on of 4- et hy- 2(

mrol ) and pot assj $bnate (12.64 g, 91.

added i odonet han 0.5 4 June 2004 WO 01/42 PCT EPOOQ 11979 48 g, 366
r

nmmol ) at roomte ure and the reaction m vvas heated to refl ux
overni ght. The r @&@xture was cool ed t rrperature poured into
ext i(%*at

Q) OH Mot. W.: 109.13
5pyrlidone (5 g, 45.82
©n DVE (100 m Q was

wat er (200 ni) a racted with ethyl x 100 nlL). The
conbi ned ext r ablod Wer 438 hed with brine 4Pl m) and were dried

over anhydr §us§‘é 68 bER 'ﬂl%}c?s ﬁéth ﬁﬂﬁ’j&afﬂ €4- (Y 3] B980-3-2nd
concentratlgzéaa t he cru e Cpro V\ﬂ? olIJlH] fied by silica gel

chr onat ogr appwctwthB?@ﬂgbﬂmmthﬂ@éﬂmmst%,QﬂﬁQ mampl)5n gtiangbfSymb) d) of

cal od Eﬁﬁ TR A S Gopn s RRE )G L bl cerbiractiRS HE

The resulting solution was heated to 50 °C and stirred for 2 h. Then, the ethanol
was removed under vacuum and the residue was dituted with water (25 mL). The

T

aqueous solution was washed with diethyl ether (25 mL) to remove any neutral
impurities. The aqueous layer was acidified with 1.0 N HCl and the product was
extracted into ethyl acetate (2 x 25 mL). The combined organic extracts were

10 washed with brine solution {50 mL) and were dried over anhydrous magnesium
sulfate. Filtration of the drying agent and concentration afforded 81 mg (71% yield)
of N-| (2—chlon;-6-methy1phenyl)carbonyl] -4-(1-methyl-2-oxo-3-pyridinyl)-L-
phenylalanine as 2 white solid: mp 204-210 °C. FAB-HRMS m/e calcd for
Cy3Hy CIN,O4 (M+H) 425.1268, found 425.1267.

15
Example 31. Preparation of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,4-dimethyl-2-
oxo-3-pyridinyl)-L-phenylalanine
a) Preparation of 1,4-dimethyl-2(1H)-pyridone
|
S N_0
g — g
CH,NO CHNO
20 Mol. Wt.: 109.13 Mol. Wt.: 123.15

To a suspension of 4-methy-2(1H)-pyridone (5 g, 45.82 mmo}) and potassium
carbonate (12.64 g, 91.64 mmol) in DME (100 mL) was added iodomethane (50.5




10 b) Preparation of 1,4-dinethyl-3-iodo-2(1H)-pyridone and

1, 4-di net hyl -5-i odo- 2(1H)-pyridone I NCOr | O Nf:r- O + €3umpRRH4AC7HSI NO
C,7HBINO Ml . W.: 123.15 Mol. W.: 249.05 Mol. W.: 249.05 15 A reaction
m xture VRAOHEREHhg 1, 4-di net hyl - 2-pyridone (2.46 g, 20 nmBCIEP/11979
trifluoroacetic acid (31 rnL) and trifl #8roacetic anhydride (6.25 nL) was
refluxed for 5 mn. Then, NIS (5.62 g, 25 mmvl) was added and the m xture
was stirred for 15 h. The reaction mxture was cooled to roomtenperature
and t he sol vegra66uasol)rat nuom dermpatature amd thereakhion meistote washeatadi dourefhek Wi t h

eyl acet at g LA00: Ml NG0B Gul e WAL LEusnll dobl Rl OB, B8, 04 | eCt od by

solution (2 mﬂeBOZGﬁ_r):L) imd was extacted euith(eth) avdthtedha 100vad.) dFhecbnovined

hyd | f.at.e.. R L.t t '
concent r at | oSBT S%r&f%smmra%%@ﬁg AP AR Brarpy oy
si | : g;a 5gfe| ﬂiiaglmimgulﬁtthfﬂm?&iBiﬂig aﬁdlcdmzt?tr@u@f gmdhé)crﬁaeg (5%
i e or a xture [ 0go e an
) o dl et hy1 PEIUGHREER ey Pord BbiECA "F%‘Hgmg S0 o biora Uil e e
st ep. 1H NVRcdlagm twldﬁ‘ormsﬁlvmﬁylem@)“@f 134-8fmdthyl-A(tH)-pfridofi€lasabH, | = 5.5

Hz),64(s d,l b & Hz 4 (5, e 3H)

(s 3t 2. 18mplgbossmicysold EABIRR T dlosios RO A, )

Pr epar at i on ﬁj‘unki-][ze,bzﬁ_di met hyl et hoxyl ) car bonyl ] - 4- (1, 4- di net hyl - 2- oxo- 3-
pyri di réyl ) - L- phenyl al ani ne nmet hyl ester and

N-[(1, W di et hyl et hoxyl ) car bonyl ] - 4-

(1, 4-di met hYB)ﬁreNgmu5nBYl jaciimpthyl-B-iphenyin)- @ﬁhﬂ'@‘ldﬁﬁhﬁ-dﬁﬁé‘ﬂﬂ 3-iddo-N- -, -0

O.N 11
2(1H)-pyndone

[
N._.O 1110 N0

'“’ CH,NO GH;INO CHINO
Mol. Wt.: 123.15 Mol. Wt.: 249.05 Mol. Wt.: 249.05
15 A reaction mixture containing 1,4-dimethyl-2-pyridone (2.46 g, 20 mmol),

trifluoroacetic acid {31 mL) and trifluoroacetic anhydride (6.25 mL) was refluxed
for 5 min. Then, NIS (5.62 g, 25 mmol) was added and the mixture was stirred for
15 k. The reaction mixture was cooled to room temperature and the solvent was
removed under vacuum. The residue was diluted with ethyl acetate (100 mL) and

20 the white solid that formed was collected by filtration. The filtrate was washed with
saturated sodium bicarbonate solution (2 x 100 mL), brine solution {100 mL) and
was dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration of the solvent gave a crude product which was purified by silica gel

_ chromatography on a Biotage (40m) column to afford 0.92 g (5% yield) of a ~1:1

25 mixture of 1,4-dimethyl-3-iodo-2(1H)-pyridone and 1,4-dimethyl-5-iodo-2(1H)-
pyridone which was used directly in the next step. LH NMR (300 MHz, D6-DMSO,
ppm) 8.06 (s, 1H), 7.6 (d, 1H, J = 5.5 Hz), 6.4 (s, 1H), 6.2 (d, 1H, = 5.5 Hz), 3.4 (s,
3H), 3.3 (s, 3H), 2.3 (s, 3H), 2.15 (s, 3H).



Ove + OV CANO Mi. W: 249.05 RN >. O .A--O O C22HZSN205 C2_H28N2(Cb6 MoL
W.: 400.47 Ml. WE.: 400.47 CuH2p!NO4 Mai. W: 405.23 5 To# dursidP¥nsi on
of zinc dust (0.66 g, 10 nmol) in THE (1.0 nlL) was added 1, 2- di bronoet hane
(86 pL, 1 W@B83221%t room tenperature. This suspension was PEHERW/1193% 60- 65
Cwth a heat gun until evolution of etH§lene gas ceased. Then, the
suspensi on was cooled to roomtenperature and trinethyl chl orosi | ane (0.126
M., 1 mmol)) was added and the m xture was stirred for 15 min. A mxture of
1,4 10 di et direfarkricioo2{0), l-mhméﬁ?l&ﬂ'xmﬂcarbonyl] 4-(1,4-dimethyl-2-oxo-3-

14d|rrethyl (0.92

warmed to ef?’@ﬁ‘“ﬁ?’!’éﬁ)‘}% %%RTH? %E‘Wgﬁ’:l‘% %}ﬂ’lﬂﬁ%toﬁﬁ]%actlon
m xture. Af t(at;é-a’ﬂﬂdethylezloxé—Bq:ylmd&i)ﬂl)r—E—pbﬁﬁylhleﬁirﬂdnéthyl'é&er C and was stirred
for 15 h, at which tine the TLC analysis of an aliquot, which had’ been
quenched with saturated amoni um chl ori de ,'@olout i on, |dﬂchat ed the absence
15 of starting terihl. The reaction m X tufe was d||u ed with THE (4 nlL)
and was cooff 0terrperature T eRCcY zinc d allowed to
settle until }e*qtﬁfruper tqnt iquid f s -3 h). ve prepared
sol ution containing the zinc pound (3. 69 ol paMe ‘adde Meol uti on
of Pd(dba)2 (54cggmo0.1 mmol ), | f

%yl phosphi n&. ( 02 ny, ;g 0 mmol ) and
N-[(1,1-di mthmlmhmoy)carba{l Ryi®ester (1.01
g, 2.5 mol) in THE (4 nl)

; do- L- ph%l ani ne met
oroof t enper at u % igM%Iow
m xture was stirred for 15 h @um®, C. Then, M?Lﬁé“f‘ﬁ“)ﬂure lswb’éﬁq"‘éd into a
sat ur-at ed anmoni um chl ori deteswt:w0iwn and vvas ext racted with ethyl acetate

3 x5 r t t4.on (150
ErL) and wer eT%i_??%stﬁ}%g%l# nggm.e&%?g& %narg?lle [ um ! 6]?&5 %f?@gg ion 01g t he
dryi ng - agent dibremoethare(86 al. bmmq.])a)\ae r¢dmm tcmpcteupc daumusmsm wisdepigdi fi ed

D o111 ca 9%k SO A8 ot A GEAP6r SAAMe LU Betfthe! O 141 0

% | d f
Eillar;e/t K;/Ieet %m%ype)usmrbmﬁopiedu( fiqotn thompsratyte ghdotximmathylchlprisilarie) (0112p maday | al ani n
e __methyl esfel &%) 35 AT04 BUPHR niRhiEwiOldrted for1 5B Al 6 40"

C22H2sN2C6 .
' 10 dimethyl-3-iodo-2(1H)-pyridone and 1,4-dimethyl-5-iodo-2(1H)-pyridone (0.92

g, 3.69 mmol) in DMA (3 mL) was warmed to effect dissolution and was added in

‘one portion to the reaction mixture. After addition, the mixture was heated to 70

°C and was stirred for 15 h, at which time the TLC analysis of an aliquot, which had

been quenched with saturated ammonium chloride solution, indicated the absence
15 of starting material. The reaction mixture was diluted with THF (4 mL) and was

cooled to room temperature. The excess zinc dust was allowed to settle until a clear
supernatant liquid formed (~3 h).
The above prepared solution containing the zinc compound (3.69 mmol) was
added to a solution of Pd(dba); (54 mg, 0.1 mmol), trifurylphosphine (102 mg, 0.4
20 mmol) and N-[(1,1-dimethylethoxy)carbonyl]-4-iodo-L-phenylalanine methyl
ester (1.01 g, 2.5 mmol) in THF (4 mL) at room temperature and the light yellow
mixture was stirred for 15 hat 50 °C. Then, the mixture was poured into a saturated
ammonium chloride solution and was extracted with ethyl acetate (3 x 50 mL). The
combined extracts were washed with brine solution (150 mL) and were dried over
- 25 anhydrous magnesium sulfate. Filtration of the drying agent and concentration
gave the crude product which was purified by silica gel chromatography on a
Biotage (40m) column to obtain 0.141 g (149% yield) of N-[(1,1-
dimethylethoxyl)carbonyl]-4-(1,4-dimethyl-2-ox0-3-pyridinyl)-L-phenylalanine
methyl ester as an amorphous white solid. ES-HRMS m/e calcd for CprHpsN>0s



tw-[ "~00~00 OMO e 4 June 2004 WO 01/42215 50 O (MtNa) 423. 1890,
found 423.1894 and 0.350 g (35%yield) of N[(I, 1- 4 June 2004

di et hyl et hoxyl ) car bonyl ] - 4- (1, 4- di met hyl - 2- oxo- 5- pyri di nyl ) - L- phenyl al ani n
‘e met hyl WeER218s an anor phous white solid. ES-HRVS W | e REAVERI0/ALITI
C22H28N2C6  (M¥Na) 423. 1890, found 423. 15897. 5 d) Preparation of

4- (1, 4-di net hyl - 2- oxo- 3- pyri di nyl) - L- phenyl al ani ne net hyl ester

hydrochl ori de salt ~0',,-0 0 C2 H N20s Ove -Owe HCl. H2N Mol . W .: 400. 47
PCTI EPOO/ 119 {Rf+0¥af 428.0890 @1ndM25.1894 and G360 £ 93500 yledd)of o[ (a51-on of

N-[ (1, 1-di nethyl ethgxyl,) carbonyl j,- 4- (.1, 4- di et hyl - 2- 0xQ-.3- )

pyri di nyl) - L-%‘ﬁ%tﬁﬁﬁwﬁm Wﬂh‘%ﬂ(l’g's‘:g‘@ea’()’ggf’i?gg‘ W@Yﬁfk‘ﬁbﬂykﬂﬁuﬂ? oxane (1
m) was addegktiyl bstkPassaladidrpRonswhitOswld SES-HIMS /e dhlcd ﬁﬁszEH%Niogt ure. The -
sol uti on was ' rﬁg f @?ﬁh ang ﬁgncentrat ed under vacuum The residue was -
di ssol ved inf P'lg > "B“déﬂ 188f-uene (5 nmL) and concentrated under
vacuumsl5 to give |1l rug (99%yield) of

4- (1, 4-di et - 2- 0X0- 3-.pyridinyl)-L-phenyl al.anj.ne .net hyl . est er
iyl ochi o | d) BiepRran g A i SRR PHRe R DEL-pERRA g syl gster

hydrochloride salt
! i
N¢© N._O
I -

J Y™ s
O o)
C,H,sN, 05 C,;H,,CIN,O;4

Mol. Wt.: 40047 Mol. Wt.: 336.79

10 To a solution of N-{( l,l-dimeth}deﬂloxyl)carbonyl]-é-(1,4—dimethy1—2-oxo-3-
pyridinyl)-L-phenylalanine methyl ester (132 mg, 0.33 mmol) in dioxane (1 mL)
was added 4 N HCl solution in dioxane (1.5 mL) at room temperature. The
solution was stirred for 4 h and concentrated under vacuum. The residue was
dissolved in methanol (5 ml) and toluene (5 ml) and concentrated under vacuum

15 to give 111 mg (99% yield) of 4-(1,4-dimethyl-2-oxo0-3-pyridinyl)-L-phenylalanine

| methyl ester hydrochloride salt as an amorphous white solid. EI-HRMS m/e calcd
for C;7H0N,0;3 (M) 300.1474, found 300.1486.

e) Preparation of N-{(2,6-dichlorophenyl}carbonyl}-4-(1,4-dimethyl-2-oxo-3-
20 pyridinyl)-L-phenylalanine methyl ester

N._.O | P
| Z Cl 0 i
OM * @La > = OMe
&
HCLEN Cl o ©
0 C,H,CLO
C;H,,CIN,0, Mol. Wt.: 209.46 &
Mol. Wt.: 336.85 CH,CLN, O,

Mol. Wt.: 473.35




for C1l7H20N203 (M+) 300. 1474, found 300.1486. e) Preparation of

N-[ (2, 6-di chI orophenyl ) car bonyl j - 4- (1, 4- di met hyl - 2- oxo- 3- 20%June 2004

pyri di nyl })henyl al anine nethyl ester Ove .:. - HCL H N 0 C7H3C130
O 7H21CLNBBRALS W 209, 46 MOl . W: 336.85 O C24H22C zsammw%u9 :
473.35 4 June 2004 WD 01/ 42215 PCT/ EPOO511979 51 To a suspensi on of

4- (1, 4-di net hyl - 2- oxo- 3- pyridinyl) L- phenyl al ani ne net hyl ester

hydrochl oride salt (34 nyg, 1 nmol) and 2, 6-di chl orobenzoyl chloride (25
rrg, 0. 12 muoT¥ aisuspension ofbu&iaﬂ@mﬂmzzmxp Mmdmﬂéd--ph@yla(lmiﬂe plethyl. 0 mmol )

Stirred Tor BrrdvifoigeideSils athgio Puitdiiind Bttt APURbRRENT I1 s
di ssol ved i nmgthij2 nm&ﬂ)a:téchl()ﬂﬁned:)ne &BasLMMeMBAQIHNHCﬂ miRy) ati I
saturat ed Napch sl 25 k). B ARSRLHE LRSI B 2

over anhydrous magn tra on 0 ng age and
concentr at i of2 ydkkencthe ahmxmro%thnmmraﬂad,vthe respiue wiab ddsd:lyetkml eithvyd acptdte

o N L3, o BeahEbPap R R D (A ] et 4@&%3@%&9@%@& YLD

pyridinyl) - '—ﬁﬂb‘%e@bﬁﬁbﬁilf‘ﬁﬂ?%d%& 8ted\gved Mk Guigat | d.
ES-HRVB nfe_calcd for C24H22CI2N204 (MeNa) 49 0850 ound 495. 0859. . f)

Preparation Bdmop(ofﬂy—m WWPFW&G&W‘FW@PW%MW@ oxo-3- 15
pyridi nyl) - Ly phsayahiRl gB&htorthatoffaphMasinE Y Biotage (40s) column, to afford 23 mg

10 (49% yield) of N-[(2,6-dichlorophenyl)carbonyl] -4-(1,4-dimethyl-2-ox0-3-
pyridinyl)-L-phenylalanine methyl ester as an amorphous white solid. ES-HRMS
m/e caled for C24H22C12N204 (M+Na) 465.0850, found 495.0859.

{f) Preparation of N-[(2,6-dichlorophenyl)carbonyl}-4-(1,4-dimethyl-2-oxo0-3-
15 pyridinyl)-L-phenylalanine

I
N O N._.O

® [
cl OMe __b) Cl I OH
e o
6] Cl
C24H22C12N204 C23H20C12N204
Mol. Wt.: 473.35 Mol. Wt.: 459.32

To a suspension of N-[(2,6-dichlorophenyl)carbonyl}-4-(1,4-dimethyl-2-oxo-3-
. pyridinyl)-L-phenylalanine methyl ester (20 mg, 0.04 mmol) in ethanol (1 mL}) was
added 1N aqueous sodium hydroxide solution (0.5 mL) at room temperature. The
20 mixture was heated to 40-45 °C and stirred for 3 h. Then, the ethanol was removed
under vacuum and the residue was diluted with water (10 mL). The aqueous
solution was washed with diethyl ether (25 mL) to remove any neutral impurities.
The aqueous layer was acidified with 1.0 N HCl and the product was extracted into
ethyl acetate (2 x 25 mL). The combined organic extracts were washed with brine
25 solution (50 mL) and were dried over anhydrous magnesium sulfate. Filtration of
the drying agent and concentration afforded 17 mg (89% yield) of N-[(2,6-
dichlorophenyl)carbonyl] -4-(1,4-dimethyl-2-oxo-3-pyridinyl)-L-phenylalanine as




C OH C241 C12N204C23H20C12N204 Mol . W.: 473.35Mbl. W.: 459.32 To a
suspensi on of N-[(2,6-dichl orophenyl)carbonyl]-4-(1,4-di nmet hyHuze 2@d- 3-
pyridi nyl)-L-phenyl al ani ne net hyl ester (20 ng, 0.04 nmol) in ethanol (1
m) was Y224 aqueous sodi um hydroxi de solution (0.5 nPGT/EPONIAHIN
tenperature. The 20 m xture was heated t3 40-45 C and stirred for 3 h.

Then, the ethanol was renoved under vacuum and the residue was dil uted
with water (16 nlL). The aqueous solution was washed with diethyl ether (25
L) to renovenamorpleisivalite sopdrES-HBMS nilbealatioe lisH @O0 -+2ta) di fi ed wit h

1.0 NHA an extracted into ethyl acetate (2 x 25 m).
The conbi ned%gﬁgg%’g ﬁ@é‘ﬁ?@mre washed with brine 25 solution (50 m)
and were dried over anhydrous magnesi um sul fate Filtration of the drying.

ggﬁm o?gghgggﬁ%@tgkg% %n i %’ridgﬁdf(zrégﬁv%%% JE}'BF?IB%?% I'_aﬁthenyl al ani ne

as 4 Jusie 20@MmMbylo2-ofad-34yridin pHepalkhihed an anor phous white solid.

ES-HRVS me ¢ 1, 06 fou 0699.
Ecampl o 52, BIER ?rgﬁpaﬁ?ﬁﬁ% ore%g%iﬁleevﬁm I
-4-(1,4- 5 dB@&iﬂ;ﬂﬁ)ZL@h@nﬁalﬁyﬁmdel)esﬂer phenyl al ani ne a) Preparation of
N-[ ( 2- chl or o- 6- net hyl phenyl ) car bonyl ] - 4- (1, 4- di net hyl - 2- oxo-
3-pyridinyl)-L-phenyl al ani ne nmethyl ester CL7H21 CIN203 Ml . W.: 336.85
Ove 0 C8H7Cl2 Mol. W.: 170.59 CZ5H25CI N204 Mol . W : 452.93

N._.O
I o
e L ey
HCLELN o ©
C.H,CIO,
nHQ:C]-Nzos Mol. Wt.: 170.59
Mol. Wt.: 336.85 ' G, 1, .CIN,O,

Mol. Wi.: 452.93
10 To a suspension of 4-(1,4-dimethyl-2-ox0-3-pyridinyl}-L-phenylalanine methyl
ester hydrochloride salt (68 mg, 0.2 mmol), 2-chloro-6-methylbenzoic acid (45 mg,
0.25 mmol) and HBTU (95 mg, 0.25 mmol) in DMF (1.5 mL) was added DIEA
(174 pL, 1.0 mmol) at room temperature. The resulting solution was stirred for 72
h, the mixture was poured into water {25 mL) and was extracted with ethyl acetate
15 (2x15 mL). The combined ethyl acetate extracts were washed successively with 0.5
| N HCl (25 mL), saturated NaHCOj solution (25 mL), brine solution (25 mL) and
were dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration of the solvent gave the crude product, which was purified by silica gel
chromatography using a Biotage {(40s) column to afford 24 mg (27% yield) of N-
20 {(2-chloro-6-methylphenyl)carbonyl] -4-(1,4-dimethyl-2-oxo-3-pyridinyl)-L-
phenylalanine methy] ester as an amorphous white solid. ES-HRMS m/e calcd for
CasHzsCIN, O, (M+Na) 475.1395, found 475.1400. "

b) Preparation of N-{(2-chloro-6-methylphenyl)carbonyl]-4-(1,4-dimethyl-2-oxo-
25 3-pyridinyl)-L-phenylalanine



10 To a suspension of 4-(1,4-dinethyl-2-o0xo-3-pyridinyl)--L-phenyl al ani ne
met hyl ester hydrochloride salt (68 ng, 0.2 mmol), 4 June 2004

2- chl or o- 6- nethglben20|c acid (45 nmg, 0.25 mol) and HBTU (95 ng, 0.25
mol ) in YOPH2215 ) was added DIEA (174 p.L, 1.0 nmmol) RCIERIANITS
tenperature. The resulting solution ma55§t|rred for 72 h, the m xture was
poured into water (25 nL) and was extracted with ethyl acetate 15 (2 x 15
m.). The conbi ned ethyl acetate extracts were washed successively with 0.5
N HO (25 ni), jsaturated NaHCO3 solution (25 ni), brine solution (25 nl)
and were dried. geer anhydrous magnesi um syNfaDe. Filtration of the drying
agent and cdpceptration of the solvent ggve [the crude product, which was
purified by sW chr omat ogr aphy usi age (40s) colum to
afford 24 nmg (% d) of N 20 '
[ (2-chl or o- 6- et hyl phenyl ) car bonyl ] - 4- (1, 4- dlnet y| -p- oxo- 3-pyridinyl)-L-

phenyl al ani ne net Il%il Qr C&Mean_a.m)_mﬂ?s OFEB- HRVS rul e cal cd
iHNa) W75. 1395, founl 475. 1400. reparation of
e

for Cs5H25CIN2O4
N-[ (2- chl or o- 6- npthyHf r@l)carbonyl] 4-(1, 4-d O oxo- 25

3-pyridinyl)- L p )

N,,-O-N,, FDBEIN204 Mol . W . : 452.93 CSADSCIN2O4 Mol . W.: 438. 90

To a suspen5| onﬁ% ochl or o- 6- met hyl phenyt )gactQury! ] - 4- (1, 4-di net hyl -
o

oxo- 3- pyri di nyl %@#am ne met hyl est %r%z 048 mmol) in
ethanol (1 nl) N aqueous sodi um d g oI ution (0.5 nL) at

room S t enpeTahwtgpensitne of Hs[tdttch]mgo@huﬁxykphemﬁkaﬂﬁ:ﬁtyﬂdé 1(1),44ﬁméﬁty132an d

stirred for 2 h anol S.r vac nd the
resi due was 9 %.angwﬂ)ﬁﬁ?@é’t@ “ﬁ%}ﬂ egf?fe(\ig @3@% |”6 ﬁ"ar%ﬁgl (\Ii/as hed
with di et hyl m) was addd miz)qdeaus sfo@mma &myud&euh:m;h (OrsptiL) 4tireém The aqueous
| ayer S ac dlfled 0 N HCL and duct extr dinto
ethyl dcet at esulf‘ﬂgs%l&ﬂﬁ? Wéﬁh %rtgcét% il asdired £F 2 %

Then, the ethanol was removed under vacuum and the residue was diluted with

water (25 mL). The aqueous solution was washed with diethyl ether (25 mL) to

remove any neutral impurities. The aqueous layer was acidified with 1.0 N HCl and

the product was extracted into ethyl acetate (2 x 25 mL). The combined extracts

10 were washed with brine solution (50 mL) and were dried over anhydrous

magnesium sulfate. Filtration of the drying agent and concentration afforded 18 mg
(86% yield) of N-{(2-chloro-6-methylphenyl)carbonyl]-4-(1,4-dimethyl-2-oxo-3-
pyndinyl)-L-phenylalanine as an amorphous white solid. ES-HRMS m/e calcd for
CoaH23CIN Oy (M+H) 439.1419, found 439.1425.

15
Example 33. Preparation of N-[(2,6-dichlorophenyl)carbonyl}-4-{1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine
a) Preparation of 1,6-dimethyl-4-(trifluoromethyl)-2-pyridone

20

! o+

CF, CF,

CHENO CyH,F;NO
Mol. Wt.: 177.12 Mol. Wt.: 191.15




10 were washed with brine solution (50 nL) and were dried over anh drous
magnesi um sul fate. Filtration of the drying agent and concenff4?§

af f orded 18 (86%yield) of NN [ (2-chloro-6-nethylphenyl)car bonyl]
-4-(1, 4-dW nﬁ 132- 0x0-3- pyridinyl)-L-phenyl al ani ne as aXCAFRPYHETS white
solid. ES-HRVS ruI e calcd for C24H23CINEO4 (MrH) 439. 1419, found 439. 1425.
15 Exanpl e 33. Preparation of

N-[ (2, 6-di chl or opheny] ) car bon L [1, 6-di net hyl - (trifl uor omet hyl )

- 2- 0X0- 3- pyr iL@iaFFpensionf ér&}iﬁélb' AT(hréﬂlus)romueéqurbEﬂ12opyrcﬁone (2 g, 11.25 mmol)

1,6-d t hyl %ﬂﬂ‘ﬁ.‘% , O CF3CF3
C7H6F!3ga&5ﬁ8|§§d E’{z‘bgll‘llll.ri {%(l %ﬁ?ﬂ@#ﬂ@ﬁé%h& %%%Xam 01/ 42215
PCT/ EPOQ 119 Felonmthangs (4.62.gs p38 sionl) @f room temperature and the reaction mlxtud re
6- met hyl - 4- I an
po??tss?;qum gg%g%&;?%&’%h}%h%&%@%ﬁ%%ré% cﬁ% \y{\llah:g%ldged
| odonethane (@nmafy,te,@ﬂu&drmmwaiat andpextectedevitinethylheetnted8 ti160

t led t
Moom 5.t enperipy BF cosbBEd ttia B LR Ak %, bIREIARRAT DI SefE0} °F 1 ©
aclet ?It gn( ?2)(3 dmwovambhydrﬁhemagntmumduléate.rﬁiulasomf dle\mggldgamhi;cli ? ; |t 2 e
sol u
Filtration o? ﬁ%}n}r ry| (r)lmlé?dvg{ &l\é%[r'l%% %?‘9% lﬁﬁgf@ {hc@ﬁ?;e t he
((:E1 gcr:)e pr lodtrjrgt:hmmbgmplsy qzrga Biatagk Eléghnz cblunm @eibtamﬂrlcg@ﬂ%gpdrlhyf hé- a Bi ot age

ol u 0 o

i oy R - 4 ( S PcF CRigBintletb Pl bt a8 i st o $0y8735, ERSTRMS,

El - HRVE Mengakaaifo@tgﬁﬁﬁiﬁi ié_%s R 191 @956 191. 0559. D)
Preparatlon of 1,6-dine 3-io0do-4-(trifluoromethyl)-2-pyridone | | N,

0 ,N, -,,-OCF3
b) Preparation of 1,6-dimethyl-3-iodo-4-(trifluoromethyl)-2-pyridone

f
N._.O N.__O
I —> |
\I:(\r ]
CF3

CF3
C,H,F;NO CH,F,INO
Mol. Wt.: 191.15 Mol. Wt.: 317.05
15 A mixture containing 1,6-dimethyl-4-(trifluoromethyl)- 2—pyndone (2.1g,10.98

‘mmol), trifluoroacetic acid (18 mL) and trifluoroacetic anhydnde (3.5 mL) was
refluxed for 5 min. Then, NIS (3.15 g, 14 mmo!) was added and the reaction
mixture was stirred for 15 h. The reaction mixture was cooled to room temperature
and the solvent was removed under vacuum. The residue was diluted with ethyl

20 acetate (100 mL), was washed with saturated sodium bicarbonate solution (2 x 100
mL) and brine solution (100 mL) and was dried over anhydrous magnesium
sulfate. Filtration of the drying agent and concentration gave a crude product,
which was purified by silica gel chromatography on a Biotage (40m) column to
afford 2.15 g (62% yield) of 1,6-dimethyl-3-iodo-4-(triftacromethyl)-2-pyridone as

25 an amorphous white solid. EI-HRMS m/e caled for CgH;EINO (M) 316.9524,
found 316.9527.

¢) Preparation of N-[(1,1-dimethylethoxyl)carbonyl]-4-[1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl ester



C8HSF3NO CSH1F3INO Mol. W.: 191.15 Mol. W.: 317.05 15 A mi xture
contai ning 1,6-dinethyl-4-(trifluoromethyl)-2-pyridone (2.1 fJune2et
mol ), trifluoroacetic acid (18 nL) and trifluoroacetic anhydride (3.5 i)
was ref IWRMARHP 5 min. Then, NIS (3.15 g, 14 nmol) was aBEEEPSHHIThe
reaction mixture was stirred for 15 h. 3Fhe reaction mxture was cooled to
roomtenperature and the solvent was renoved under vacuum The residue was
diluted with ethyl 20 acetate (100 nL), was washed with saturated sodi um
bi carbonate solution (2 x 100 nl) and brine solutfion (100 nlL) and was
dried over anhydrqus magnesium sulfate. Filtra{j #® the drying agent and
concentration @rude product, which was p i ed by silica gel

2 g (62%yield) of
@. anor phous white
31 NO (M+) 316. 9523, oufd 316.9527. c)
Mi:rret hyl - 4-

solid. El-HRVME m
Preparation of N-"[* (1, 1 -dine
#ster 4 June

et hoxyl ) carbonyl ] -4-
(trifluoronet hylg£2pe0-3-pyrid < L- phenyl al ani 2’%@
2004 WD 01/ %‘;95317 H7F31 NO Mol . JW . ;. 317.05 P 01979 55 OMe
C23H27F3N205 | .468. 47 (15 1 %%H. W.: 405.23 Ow To a
suspensi on of zinc dust (1.962p\ 38wmmol) in THE (ZGHpF)NY@s added 1, 2-
di br onoet hane (172 L, 2 mmol)j aP ro m t enper at ur evell RIS HeSHENsi on was
heated to 60-65 C with a heat gGpiNQ, evol ution of ethyl ene gas ceased.

Then, the 5 suspension was codksidwio4p9om t enperature and

trimethyl chlorosilane (127 L,1 .
To a suspension of zinc dust (1.96 g, 30 mmol) in THF (2.0 mL) was added 1,2-

dibromoethane (172 pL, 2 mmol)) at room temperature. This suspension was
heated to 60-65 °C with a heat gun until evolution of ethylene gas ceased. Then, the
5 suspension was cooled to room temperature and trimethylchlorosilane (127 pL, 1
mmol)) was added and the mixture was stirred for 15 min. A suspension of 1,6-
dimethyl-3-iodo-4-(trifluoromethyl)-2-pyridone (2.15 g, 6.78 mmol) in DMA (6
ml) was warmed with a heat gun to effect dissolution and was added in one
. portion to the reaction mixture. After addition, the mixture was heated to 70 °C
10 and was stirred for 15 h, at which time the TLC analysis of an aliquot, which had
been quenched with saturated ammonium chloride solution, indicated the absence
of starting material. The reaction mixture was diluted with THF (6 mL}), was cooled
to room temperature and the excess zinc dust was allowed to settle.
The above prepared solution containing the zinc compound (6.78 mmol) was
15 added to a solution of Pd(dba), (108 mg, 0.2 mmel), trifurylphosphine (204 mg,
0.8 mmol) and N- [(l,l-diﬁlethylethoxy)carbonyl]-4-iodo-L-phenylalanine methyl
ester (1.62 g, 4 mmol) in THF (8 mL) at room temperature and the light yellow
mixture was stirred for 15 h at 50 °C. The reaction mixture was poured into a
saturated ammonium chloride solution and was extracted with ethyl acetate (3 x 70
20 mlL). The combined extracts were washed with brine solu}:ion {150 mL) and were
dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration gave the crude product, which was purified by silica gel
chromatography on a Biotage (40m) column to obtain 0.711 g (38% yield) of N-
[(1,1-dimethylethoxyl)carbonyl] -4-[1,6-dimethy1-4-(triﬂuoromethyl)—2-6xo~3-
25 pyridinyl]-L-phenylalanine methyl ester as an amorphous white solid. ES-HRMS
m/e calcd for CpsHyFsN20s (M+Na) 491.1764, found 491.1770.



mmol )) was added and the m xture was stirred for 15 mn. A suspension of

1, 6- di nethyl -3-iodo-4-(trifluoromnethyl)-2-pyridone (2.15 g,4eurEs2@dfol ) in
DVA (6 m_b was. warmed with a heat gun to effect dissolution and was added
in one pEPOUSH* o the reaction mixture. After addition, ETRVERPEIEFE was
heated to 70 C 10 and was stirred for 156h, at which tine the TLC anal ysis
of an aliquot, which had been quenched with saturated ammoni um chl ori de
solution, indicated the absence of starting nmaterial. The reaction m xture
was diluted with THE (6 nlL), was cooled to roomtenperature and the excess

zinc dust wagygllo ti.e. 2 r red_sal Ut .@nt ai ning the
zinc corrpoung) ?@pﬁ%@%??-ﬁ?&ﬁgmﬁgé OO?gQSMt?%ﬁgg’f%%gg% (108 ny,
0.2 mmol ), tphénylajdniempthyhestef B@drachiorid®sdt ol ) and N A
[ (1, 1-di met hyl et hg y) car bonyl ] - 4-i odo- L- phenyl al ani ag net hyl ester (1.62
g, 4 mol) in THE:F’8 nL) at roomtenperature the ¥ight yellow mxture
was stirred NQt 50 C. The reaction nix <. cgoured into a
sat ur at ed anmoni lm} hl oride solution and was extra L.t h ethyl acetate
(3 x 70 20 nl). e cynbined extracts were washed e solution (150

nm) and were dried, ol anhydr ous nmagnesiyum sul f at €F, ati on of the
dryi ng agent and concentrpti on"gave the de product, V\%S purified
by silica gel chro ogNOon a Biotage (40nm) col um tl-gN a~n-0.711 g

(38%yield) of N [ , 1{di fet hyl et hoxyl ) carbonyi ] -4- | 0

|, 6-dirnethyl-4-(trTtI@sr hyl ) - 2- oxo-3 25 pyri di nyl H=QL- phenyl al ani ne
met hyl ester as He ous white solid. ESSHRMS me calcd for
C23H27F3N2C6. ( ﬁ%g 64, found 491.1770. 4 JuneCUafFdb®1/ 42215 56
PCT/ EPOQ 11979 réparati on of 4-] Mol. Wt.: 404.81

p
L9 B Bl 2 o e

(trifluoromethyl)-2-0x0-3-pyridinyl]-L-phenylalanine methyl ester (132 mg, 0.33
mmol) in dioxane {3 mL) was added 4 N HCI solution in dioxane (4.5 mL}) at room
temperature. The solution was stirred for 4 h as a white solid was formed. The
mixture was diluted with diethyl ether (50 mL) and solid was collected by filtration

10 washing with diethyl ether. After drying under high vacuum, 315 mg (92% yield) of
4-[1,6-dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl
ester hydrochloride salt was obtained as an amorphous white solid. ES-HRMS m/e
caled for CigH;oF3N>05 (M+Na) 391.1241, found 391.1241.

15 e) Preparation of N-[(2,6-dichlorophenyl)carbonyl]}-4-[1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl ester
CH,
7
H,C._N

} O
0 o
Cl
CygHaCIFN,O, C,eHo ClLFgN, O,
Mol. Wi.: 404.81 Mol. Wt.: 541.35

To a suspension of 4-[1,6-dimethyl-4-(trifluoromethyl)-2-o0xo-3-pyridinyl]-L-
phenylalanine methyl ester hydrochloride salt (150 mg, 0.37 mmol) and 2,6-




Mol. W.: 468.47 0 5 To a solution of

N-[ (1, 1-di met hyI et hoxyl ) carbonyl ] - 4-[ 1, 6-di net hyl - 4- 4 June 2004

(trifl uoromat%}/ - 2-0x0- 3-pyridinyl]-L-phenyl al ani ne nethyl ester (132 ny,
0.33 moMP Soxane (3 nmL) was added 4 N HCO sol uti on PETHEPIYENE (4.5
m.) at room tenperature. The solution %As stirred for 4 h as a white solid
was formed. The mxture was diluted with diethyl ether (50 nL) and solid
was collected by filtration 10 washing with diethyl ether. After drying
under . hi gh vdichlospbedidyl ﬁhlo(‘nﬂ@%my(m raiol) #h difhloromethane {6 mL) was added

cster o Tt da7 i D TR0 ot iR, BEYS i 4 A B B B T
B o o o OnbERULARNA It R 4520 P&?ﬁ%ﬁﬁwﬁﬁtﬁ&m

e ?L?? one: Fesidte yaguBsdivedlin QSPURIN: (SOBRER e bafaceeate SIBOTIRY L~ i
H3CYN. , , wakhe@Rbith 0.9N HBL50G0L), satuﬁﬂe&"ﬁ@ﬂ)ﬁ%ﬁéa@@on Meb mIWand bad. 81 |
ClSH20C| F3N203C28H21C| 2F3N204 Mol W.: 404.81 : 541.35 To a

suspensi on osolyti¢n (56-ral. yandwdsdried pweﬁmmmngam@kﬁa@-ﬁ;mnanmﬁ 1]-L-

h | al d 2,6 4
?uﬁgyzgozn{/\?}ﬂﬁ%% ﬁ@%@%%‘%ﬁﬂjﬂ Jébenzo ‘%S%ZIPOI’I Et agS ng,
0.4 mmol ) i nsillcagel dromatdgaaphy(ca arﬁlptam&om)or@bam@tmvez mg, (25%8f1¢1ﬁrbl ) at

t f -
Ctirred Tor gENRAhEorpldcanohilt R M Rnaol IR WbAR ves
10 3-pyridinyl] L-phenylalanme methyl ester as an amorphous white solid. ES-HRMS

m/e caled for CysHaz ClLFsN2Q4 (M+Na) 563.0724, found 563.0726.

f) Preparation of N-[(2,6-dichlorophenyl)carbonyl]-4-[1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl] -L-phenylalanine

¢
H,C._N._.O
I P
CF,
OH
Cl HN
o©°
Cl
+ CpHnCOLFNO, CaqHlygCLFNO,
15 Mol. Wt.: 541.35 Mol. Wt.: 527.32

To a suspension of N-[(2,6-dichlorophenyl)carbonyl}-4-[1,6-dimethyl-4-
{(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl ester (177 mg, 0.326
mmol) in ethanol (6 mL) was added 1IN aqueous sodium hydroxide solution (4
ml) at room temperature. The mixture was stirred for 5 h. Then, the ethanol was
20 removed under vacuum and the residue was diluted with water (20 mL). The
aqueous solution was washed with diethyl ether (50 mL) fo remove any neutral
impurities. The aqueous layer was acidified with 1.0 N HCl and the product was
extracted with ethyl acetate (2 x 50 mL). The combined organic extracts were
- washed with brine solution (50 mL) and were dried over anhydrous magnesium
25 sulfate, Filtration of the drying agent and concentration afforded 159 mg (92%
yield) of N-[(2,6-dichlorophenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoromethyl)-2-




resi due was dissolved in ethyl acetate (50 nL). The ethyl acetate solution
was 5 washed with 0.5 N HCl (50 nl), saturated NaHCOB sol uti®duie 3¢041) and
brine solution (50 n.) and was dried over anhydrous magnesi um sul f ate.

Fil trati on®4¥23Re drying agent and concentration gave cr B§SEBMUSHA™ . whi ch
was purified by silica gel chromatograpBy on a Biotage (40m colum to
give 190 ng (95% vyield) of

N-[ (2, 6-di chl orophenyl )ca.rbonyl]-4-[1, 6-dinmethyl-4"-(trifluoronethyl)-2-o0x
0 10 3- pyri doxyBipyridugdliphenylalaninges inwhite soled: naps238:24066r BRdlRMShi/e e sol i d-

ES-HRMS me C , found 563.0726. f)
Pr epar ati on 8@%%&%‘?%%%? %%%%QW#E%&% di net hyl - 4- .
(trifluoromethyl)-2-oxo-3-pyridinyl] -L-phenylalanine CH3 CH3 hi 3CN- GO
OO, S RS ol b Shyf 24 251275104

N-[ ( 2, 6- di chimmalyleh(trifuardmmetiyyl)-24054013-pyridimgl) Hy-bhenylalanine
(trifluoronethyl)-2-o0xo0-3-pyridinyl]-L-phenyl al ani ne nethyl ester (177 ng,
0.326 mmol) in ethanol (6 nL) was added 1N aqueous sodi um hydr oxi de

sol ution (4 arBrypadticwofid-tthpipetiadthylbenzdlvancid. xt ure was stirred for 5 h.

Then, the ethangl was 20 renoved under vacuum and the residue was dil uted
with water (20 )., The aqueous solution was waghed.xi,th di ethyl ether (50
mL) to renove giMryNieut ral Pd{ORAL, dpppCO The aquedtn % was acidified with
1.0 NHa and t uct—wa-r-exh—att'ed—wi-t-h'et acetate (2 x 50 nL). The
combi ned organi € extr acChaihbHeO. NESHBSCAMER bri n& sofution (50 nl) and were
dried over anhydgys magnesi um 25 sul fate. FiltreiHgm,0f the drying agent
and concent r §fol. wWt.: 28d.0g ded 159 ng (92% vyi el d)m&ifwe.: 164.20 :

N [(2, 6ol ohl acpelienyl ) con a4 L ) Tl I 0o L loronsi iy ) -2 4
mmol, 7.4 g), PAd(OAc), (1.43 mmol, 334 mg) and dppp (1.43 mmol, 620 mg). The
flask was closed with a septum and evacuated three times with argon. Then,
acetonitrile (96 mL)}, triethylamine {189 mmol, 19.0 g, 26.25 mL) and water (19.1
mL) were added successively by the aid of syringe and the rubber septum was

replaced with teflon lined cap connected to a carbon monoxide source. The flask
was now pressurized with carbon monoxide (40 psi) and the excess pressure was
released. This process was repeated three times and finally the mixture was stirred
for 5 min under 40 psi carbon monoxide pressure. The flask was then disconnected
from the carbon monoxide cylinder and immersed in a preheated oil bath (83-85
°C). The reaction mixture turned black over 1 hr and was stirred for another 14 hr
at this temperature. Then, the reaction mixture was cooled to room temperature
and the pressure was released. The resulting mixture was diluted with ether {200

- mL) and 1.ON NaOH (20 mL). The formed acid was extracted into water (2 x 100
mL}. The combined water extracts were neutralized with 1.0N HCl and the acid was
extracted into dichloromethane (3 x 100 mL). The combined dichloromethane
extracts were washed with brine solution and dried over MgSO,. Filtration of the
drying agent and removal of solvent under vacuum gave 3.58 g (72.5%) of a viscous
brown oil which slowly solidfied overnight. HR MS: Obs. mass, 164.0833. Calcd.
mass, 164.0837 (M+).



58 o0xo0-3-pyridinyl]-L-phenylalanine as a white solid: np 238-240C. ES- HRVB
me calcd for C24HL9CI2F3AN2O4 (M+Na) 549.0567, found 549. 053ne Enpl e
34. Preparation of N[ (2-ethyl-6-methyl phenyl)carbonyl]-4-[1, 6-

di met hy| -WOQUHIAS5 yor onmet hyl ) - 2- oxo- 3- pyri di nyl ] -L-pheny| BCEEPHEIIZTS
Preparation of 2-ethyl-6-nethyl benzoic 5cid. Pd(OAc)2, dppp, CO CH3CN, H20Q,
NEt3, 83 C, 15 h CgH111l C OH1202 Mol. W.: 246.09 Mot. W.: 164.20 A 250
mL pressure bottle was charged with 2-ethyl-6-nethyliodobenzene (30.07
mol , 7.4 gb. PRgafationdf @Ltkd-cniethylbdaoybehloridel dppp (1.43 nmol, 620 np).
The flask was closed with a septum and evacuated three tinmes with argon.
Then, acetonitrile (96 nL), triethylanmie (189 nmol, 19.0 g, 26.25 nlL) and
water (19.1 wer e added successivel X byddie aid of syringe and the
rubber septu cojrepl aced with tefl ned cap connected to a carbon
monoxi de Souf The flasKk wWas now p i zed with carbon nonoxide (40
psi) and the~sgxess pressure was released. This process was repeated three
times and finally the m xture wafldzhiaf Wedht£ @268 m n under 40 psi carbon
nonoxi de pressure. The flask wadMddealar FirsakarGIOHETCIOf rom t he car bon

nmonoxi de cylinder and imersed in a preheated oil bath (83-85 C). The
reaction m xture turned black over 1 hr and was stirred for another 14 hr

?t thi St t e”&%&%ﬁt{;ﬁofﬂ&ﬁﬂé-&ﬁ&hﬂ?@ﬁ&i&@id@éﬁ ,e.smlsgeﬂx ed _tot room

enperature _an € pressure was .rele e resulting m e. yas

di lut &t wi t Hickioemetizmss (3 mb) Caﬁﬁlqlﬂﬁﬂl‘ﬁgé-ﬁ!@ Wi fyeat @ﬁ&@@&%ﬁa was

extracted i ng94Wal &6 ol aHdGhe Mitturehiss sGioRlifHETs NARImBKireaRES wer e

neutralized with 1AN HC1 ‘and the acid was extracted i tcgddL hl qr prret hane
9"%@ Qﬁi‘—"ﬁ’é’ﬁ

(3 x 100 nLyonceriEatdntfeAtaPige ithIPBICRE IRAeEOVE TRFH th brine
sol ution ande.&lfic8fhsQeed dis! ﬂ@d&{ﬁ%ﬂ on of the drying agent and renoval

of sol vent under vacuum gavé 3.58 g (72.5% of a viscous brown oil which
slowy solidfied overnight. HR M5 (bs. nmss, 164.0833. Calcd. nmss,

164. OF37 ( Mg)pPrefariHBf o?ﬂoﬁ?.—\é@x)@—y-lﬂgt%%ht@&d)wbonyl]—4—[1,6—d.imethyl~4-
(trifluoromethyl)-2-ox0-3-pyridinyl]-L-phenylalanine methyl ester

CH,

H,C_N_O

Molecular Weight =514.54
Molecular Forrula = C28H29F3N204

A mixture of the above prepared acid chloride, 4-(1,3-dimethyl-2,4-dioxo-6-
(trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine (100 mg, 0.25 mmol) in
15 dichloromethane (5 mL) was treated with DIPEA {0.17 mL, 1.0 mmol) and the
resulting light brown solution was stirred for 3 days. The fnixture was concentrated,
diluted with ethyl acetate, washed with 1 N HCI and brine solution and was dried
. over magnesium sulfate. Filtration and evaporation afforded a residue, which was
purified by silica gel chromatography using a Biotage column (40s) to give N-{(2-
20 ethyl-6-methylphenyl)carbonyl]-4-[1,3-dimethy-2,4-dioxo-6-(trifluoromethyl)-5-
pyrimidinyl}-L-phenylalanine methyl ester as a white foam (79 mg, 62%). ES-
HRMS m/e caled for CsHagFsNQ, (M+Na) 537.1974, found 537.1972.



b. Preparation of 2-ethyl - 6- net hyl benzoyl chloride COClI Ml ecul ar Wslght =
182. 65 I\/bI ecul ar Fornmula = C10H11 Cl O PCT/ EPOQ 11979 A sol utiJgne 80

2- et hyl - 6-net hyl benzoic acid (49 ng, 0.30 mmol) in 5 dichloromethane (3 )
cont ai ni nY qjk‘/ﬁ% P drop) was treated with oxalyl chloride FFERVOT ¢
mmol ) and the mxture was stirred for 1%0h. The nixture was concentrated,
azeotroping with toluene to renove traces of oxalyl chloride and the
residue was used directly in the next step. 10 c. Preparati on

of N-[ (2- et hyl - 6- et hyl phenyl ) car bonyl ] -4-[ 1, 6-di net hyl -

(trifluorone 1 Vi i ggag[la ter CH3
HBCN, , e; ~O P/bhgﬂeéuﬁg{r}%%ﬁg[ﬁi ettt By lph AR ILAR. SRS O P
m xture of t Feiflabrrmethylda yidBaaxec3-pytidingtlophenylalanivg | 3- di met hyI 2, 4- di oxo- 6-
(trifluoronethyl) pyrim di nyl)-L-phenyl al anine (100 ng, 0.25 mmol) in 15
di chl oronet h ( Pd_é was treated with DIPEA (0.17 nL, 1.0 mml) and the
resul ting Iig{;? solution was stirred for 3 days. The m xture was
concentr at ed, ith ethyl acetate, washed with 1 N HCl and brine
sol ution and was ver magnesium sulfate. Filtration and evaporation
afforded a residubF; was purified by silica gel chromatography usi ng
a Biotage colum (40s) to piv I_]\|-1(2 20

et hyl - 6- met hyl phenyl ) cagRon -4-11, 3-di et hy- 2, 4-di oxo-6-(trifluoronethyi)
-5- pyrimdinyl]-L-pheny ine methyl ester as a white foam (79 ng, 629%.
ES- HRMS me cal cd f{ C2dP2qF3NO4 (M+Na) 537.1974, found 537.1972_ 4 June
2004 WO 01/42215 60 EPO0O/ 11979 d. Preparation of

N-[ (2-et hyl - 6- et hyl phenyl ) carbonyl ] - 4-[ 1, 6- di net hyl -
(trifluoromethyl)-2-oxo0-3-pyridinyl] -L-phenylal ani ne

72T 3 20
Mol. Wt.: 500.51

5 A solution of N-[(2-ethyl-6-methylphenyl)carbonyl]-4-(1,3-dimethy-2,4-dioxo-6-
(triffuoromethyl)-5-pyrimidinyi)-L-phenylalanine methyl ester (74 mg, 0.14
mmol), and 1N sodium hydroxide (2 mL, 2 mmol) in ethanol (3 mL) was heated
to 40-45 C for 3 h. Then, the ethanol was removed under vacuum and the residue
was diluted with water. The agueous solution was washed with diethyl ether to

10 remove any neutral impurities. The aqueous layer was acidified with 1.0 N HCl and
the product was extracted with ethyl acetate. The combined organic exiracts were
washed with brine solution and were dried over anhydrous magnesium sulfate.
Filtration of the drying agent and concentration afforded 68 mg (95% yield) of N-
{(2-ethyl-6-methylphenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoromethyl)-2-oxo-3-

15 pyridinyl}-L-phenylalanine (mp 219-221°C). ES-HRMS m/e calcd for
CzH27FsN;0, (M+Na) 523.1815, found 523.1816.

Example 35. Preparation of N-[(2-( 1-methylethyl)-6-methylphenyl)carbonyl]-4-
[1,6-dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine

20

-



CH3 H3CvN%-0O OH CVH27F3N204 Mp3. W.: 500.51 5 A solution of N

[ (2- et hyl - 6- net hyl phenyl ) carbonyl] -4-(1, 3-di et hy- 2, 4- di oxo4 dune 2004
(trifluoromethyl)-5-pyrimdinyl)-L-phenyl al ani ne nethyl ester (74 ng, 0.14
mol ), afdo 8128Hdi um hydroxide (2 nL, 2 mmol) in et hanol P¢BERMNIHAs heat ed
to 40-45 C for 3 h. Then, the-ethanol wds renoved under vacuum and the
residue was diluted with water. The aqueous sol ution was washed with
diethyl ether to 10 renove any neutral inpurities. The aqueous |ayer was

aci di fi ed wid)lpripRatthr§H2-Anghettyliehyl)-6dtiethyledobentenact ed with ethyl acetate.
The conbi ned organic extracts were washed with brine solution and were

dried over a rous magnesi um sul f ate. NTration of the drying agent an
concentration ff@ ded 68 nmg (95% vyield) ofl N-; :
[ (2- et hyl - 6- ghe ' '

-4-11,6-dine -4-(trifluoronethyl)-2-ox 5 pyridinyl]-L-phenyl al ani ne

(nmp 219-221C)."ESSHRVMS m e calcd for C27H27F3N204 (M+Na) 523. 1815, found
523.1816. Exanple 35. Preparation of N " '

[ (2- (1- et hyl et hyl ) - 6- et hyl phenyl ) Bale¢dar qi9m=2E0-11 6- di net hyl - 4-
(trifluoromethyl) -2-oxo-3-pyridi nyMplecyiarFoapya aCaM13L 20 4 June 2004 WO
01/ 42215 61 a). Preparation of 2-(1-nethylethyl)-6-nmethyliodobenzene

Mol ecul ar Wei ght = 260.11 Mol ecular Fornmula = CLOH13l PCT/ EPOQQ 11979 To a
suspensi on o 2suspensionof 2efl iypkthylethybr Grpheshylpniline (16573umedol4.9 g4im g), in 5

conc. 50 i 1,C@: “ggg/g gon (pip NaNO2
(110 n(()I ,‘°§°‘éﬁ1§° agt))gfigéo ﬁL%?Icaeiw@%SﬁggggrcgJ for%ﬁ%‘%%“nﬂﬂ,g\fetz (ggoaddi tion,
the red colmmel 83)in L0 (3Mad.) st i5r°Cate 5°6} fonAd miinrAfeey additionTHeareda sol ution

of 1Q (200 I 3.2 .0 _EH20 [ 3 . ' mn at
0.5 0.\ At erearet st e 50 ol 20 B TRAE ER O MERT (R
t enper at ur e 35 g)rig Hydi (50 mL) was added dropwise over 20 min at 0-5 °C. After the

addition, the mixture was allowed to warm to room temperature during which

10 time, an exothermic reaction with gas evolution occurred. The resulting red colored
~ solution was stirred for 18 h. Then, the mixture was extracted with ethyl acetate (3x

100 mL). The combined extracts were washed with sodium thiosulfate solution (
200 mL), brine solution and dried over MgSOy. Filtration of the drying agent and
concentration of the solvent under vacuum gave a colored compound which was

15 purified by a silica gel column chromatography to obtain pure 2-( 1-methylethyl)-6-
methyliodobenzene (17.8 g, 68%) as a yellow oil. HR MS:'Obs. mass, 260.0063.
Calcd. mass, 260.0062 (M+). :

b) Prebaraﬁon of 2-(1-methylethyl)-6-methylbenzoic acid.

| COH
Molecutar Formula = C10H13l Molecular Fomgiula = C11H1402

20
A 250 mL pressure bottle was charged with 2-(1-methylethyl)-6-

methyliodobenzene (25.2 mmol, 6.55 g), Pd(OAc). (1.2 mmol, 280 mg) and dppp

(1.2 mmol, 520 mg). The flask was closed with a septum and evacuated three times

with argon. Then, acetonitrile (96 mL), triethylamine (188.7 mmol, 19.0 g, 26.25
25 ml) and water (19.1 mL) were added successively by the aid of syringe. Then, the



10 tinme, an exotherm c reaction with gas evol ution occurred- The resulting
red colored solution was stirred for 18 h. Then, the m xtur€Jua2@4 r act ed
with ethyl acetate (3 x 100 mL). The conbi ned extracts were washed with
sodi um t W8P e solution ( 200 ni), brine sol uti on an8CHEFAHIIZPer

MgSO4. Filtration of the drying agent a®@ concentration of the sol vent
under vacuum gave a col ored conmpound which was 15 purified by a silica gel
col um chr omat ography to obtain pure 2-(1-methylethyl)-6- nethyliodobenzene
(17.8 g, 68%ubbsr septreh vasrepldced WithNElor(ised cpsonn&sal 0GGarbonGabuekiderass,

Vol coul ar - vetgiee 106 BRSRS iy Fersicpc A orBh Rbngdic TR RTER [ 7010 %0

178. 23 Mol eextkss r&anmﬁaréeﬁ&d‘ﬂhisqmc&sﬂﬁ@mpcatpdﬂﬂwnmeb@mdﬁmﬂmbe char ged
(12 ol 2R kG ST T SRR AT or bR bresfy e IL ) O
a septdm andww&emdise@hﬁdaredérdm thescarlvart imoaoxjde cyhﬁdenanchamedmd e (96 n),
triethyl am ne 8, 7. 5 25, and ) were
siss sty R D S g i K ,ﬁbﬁ b i
edddr e atApera iy ¢ W oo
connected to,_a carbon X source. ,The,fl ask was now zed wth
car bon onoxiGeoRHGTReT e Fres s s sud e iRtend St BB
process wasoéthae(at)aeﬂ:gt)hhdam Ng@ﬂﬂ@ﬂhambyﬁﬁh?smﬁtwmtmtestzxred for 5
m n under 4 on xi de pressure. The a
di sco%ect edufbr%f gﬂ%&fa '%E%WW‘T&% Wﬁk@gﬁ{gﬁuﬁimﬁreheat ed
oi | baéI hf ( 833&5“,? exthl&&dﬁmh}Q Acetité {2Ka00 mﬁ:égmhtmoagm eRMStsas
stirred for anot e at this te ure the r on mxture
was cool ed Wﬁrer‘ﬁ'é ‘@"%E guo %‘i@g%i M }r: mi xture
was diluted ﬂgehhan@&diﬁmﬂ%mézargctsl%@ufmﬁbdsy@umm HRMSOW. was
extracted into ‘2%%'_@ éo 108}@% lu ;COﬂbI ned aqueous extracts were
neutralized Wafsh 24 extracted into ethyl acetate (2
X 100 ygL). The conbi ned organic extracts '
' ¢. Preparation of 2-(1-methylethyl)-6-methylbenzoyl chloride

coci
CO,H
——-—_9-—

Molecular Weight = 196.68 -
Molecular Formula = C11H13CI0

_g

A solution of 2-(1-methylethyl)-6-methylbenzoic acid (64 mg, 0.35 mmol) in

20 dichloromethane (3 mL) containing DMF (2 drops) was treated with oxalyl
chloride (0.16 mi, 1.8 mmol) and the mixture was stirred for 15 h. The mixture
was concentrated, azeotroping with toluene to remove traces of oxalyl chloride and
the residue was used directly in the next step.

25 d. Preparation of N-[[2-(1-methylethyl)-6-methylphen{l]carbonyl}-4-[1,6-
dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine



were washed with brine solution and dried over MgSO4. Filtration of the
drying agent and concentration gave 2.8 g (62% of a viscoudJyed EQR¢ oil .
HR Ms: C(bs. nmass, 178.0996. Calcd. mass, 178.0994 (M+). 15 c. Preparation
of 2-(1- mnyn@mw ) - 6- met hyl benzoyl chl oride Mol ecul ar VRCYHEPO0A19D6. 68 . .
Mol ecul ar Formula = C11 H13CI O A sol utiésn

of t- (1- met hyl et hyl ) - 6-rnet hyl benzoic acid (64 ng, 0.35 nmmol) in 20

di chl oronet hane (3 nlL) containing DMF (2 drops) was treated with oxalyl
chloride (0. 16 mH,1.8 mml) and the mxture was stirred for 15 h. The

m xture wagq,conmentopated, azeotroping with toluene to renove traces of
oxal yl chloride the residue was used directly in the next step. 25 d.
Preparation of s ret hyl et hyl ) - 6- net hyl phen} 1Jcar bonyl-]-4-[ 1, 6-

di met hyl -4- (trif hyl ) - 2- oxo- 3- pyri di nyl) -L-phenyl al ani ne 4 June
2004 WD 01/ 42215 SH2GF3R2O4 Mol . W.: 514-54 OH 63 PCT/ EPOQ 11979

2t hydhgphenyl ] car bonyl ] -4-[1, 6-di net hyl -

piri di nyl ] -L-phenyl al ani ne was prepared from 4-
m@r@rret hyl ) - 2- oxo- 3-pyridi nyl] -L-phenylal ani ne
nmet hyl ester and 5 thyl et hyl) - 6--met hyl benzoyl chloride using the
general procedures (\WFNay” 537.1972, described in exanple 33. ES-HRVMS W
cal cd for C?SH29F found I537.1977. Exanpl e 36. Preparation of N

[ (2- chIoroGrrethélgbg b)carbonyl] 4-11,6- 10 :

dimethyl -4-(tri $ F%ﬁe% -2 oxo- 3-pyridinyl]-L- phenyl al ani ne a)
Preparation of N Or o- 6- net hyl phenyl ) carbonyl | -4-[ 1, 6-di net hyl -
(trifluor omﬁ-l{lhﬁ-01~ﬁ1edlyint1%,llh)3+m¢thylph¢r]yl]k;a.rbloerﬂ'-lé‘ailaﬁ‘rdmethﬁt-hyI ester CHB

(trifluoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine was prepared from 4-[1,6-
dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl ester and

5 2-(1—methylethyl)—&méthylbenzoyl chloride using the general procedures
described in example 33. ES-HRMS m/e calcd for CasHaoFsN>04 (M+Na) 537.1972,
found 537.1977.

[1, 6- di nethyl -4- (’

Example 36. Preparation of N-](2-chloro-6-methylphenyl)carbonyl]-4-[1,6-
10 dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine

a) Preparation of N-[(2-chloro-6-methylphenyl)carbonyl]-4-{1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl ester
CH,
¥
H,C._N-_O
I

/
CF,

> Sl T

00

+ CogH,,CIF N0,
C,gHxCIFsN,O;4 Mol. Wt.: 520.93
Mol. Wi.: 404.81

15 To a suspension of 4-[1,6-dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-
phenylalanine methyl ester hydrochloride salt (100 mg, 0.25 mmol), 2-chloro-6-
methylbenzoic acid (60 mg, 0.35 mmol) and HBTU (132 mg, 0.35 mmol) in DMF
(2 mL) was added DIEA (174 pL, 1.0 mmol) at room temperature. The resulting



H3CN,,,,~,, O CH3 H3C~N,.,,,O00 Cr8H20OCI F3N2G3 Mot. W.: 404.81 a
C26H24CI FAN2O4 Mol . W.: 520.93 15 To a suspension 4 June 2004

of 4-[1, 6-di met hyl -4-(trifluoronethyl)-2-oxo-3-pyridinyl]-L- phenyl al ani ne
met hyl esW& 0¥k dBochl ori de salt (100 mg, 0.25 mmol), 2- chlP&EER11979

-met hyl benzoic add (60 ng, 0.35 mmol) and6HBTU (132 ng, 0.35 mmol) in DWF
(2 m.) was added DI EA (174 }5., 1.0 mmol) at room tenperature. The
resulting 4 June 2004 WO 01/42215 PCT/EPQ(c)/ 11979 64 m xture was stirred
for 72 h. Themixtafeovasisitred forfdd. Tﬁben,ehle inixtoresgdsgouf@bintd Jatan(ls mb)sand

2?“:3 gd &ﬁv@as&%&é&g&%ﬁt@%&h sigve y W ?%L‘H.)éf‘%%%%&hﬁ%&@%&eﬁeﬁﬁg ed NaHCO3

sol uti on (25 werkwaslad snecessin wmlﬁlO(SZSHGIXZEﬁﬂ,)mﬂﬁaﬁde{@ﬁohaiﬂw(dsOUS

magnesi um sul f a 5 Filtr t| op, of . the dry| ng a and concentration gave
the crude prdahiiqm.selﬂnmgz 5 i) 234 wereysiyiegiove °¥I¥F4¥Hﬁ%"&@rs&ﬁﬁ9 using a
Bi ot ages ( 40s)FiRfiieabf e dih &%n&ﬂonc(eﬁﬁ%u\(ﬁ Wﬁé)the crude product which was

of N-[ ( 2- chIoroGnethyIphen carbonl] 4[1 m&é
(trifl uor omethiyiiedbysilise gel shyamntagrephy usings P mgér(fi ﬁ@pﬁytoaé@gé%% an

h wh 10
AT AR

N- [ ( 2- chi or o-{txifkeeresmesbni-p3e-3rpiBidjnyl-b-yhenpaleninermsthylgster 854 | uor omet hyl )

2 0x0- 3 YT Igthbphbus Wit V! - AIRMS nffc i 17 AMIORN, Pt M) 520. 93

10 543.1268, found 543.1275.

b) Preparation of N-{(2-chloro-6-methylphenyl)carbonyl}-4-[1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine

CH,

i
H,C._N._O

=~
CF,

H.C

Cl HN OH

o

CpgHa CIF,N0, CosHaCIFN;0,
Mol. We.: 520.93 iMol. Wt.: 506.90

15 To a suspension of N- [(2-chloro-6-methylphenyl)carbonyl}-4-[1,6-dimethyl-4-
(trifluoromethyl)-2-oxo0-3-pyridinyl]-L-phenylalanine methyl ester (91 mg, 0.174
- mmol) in ethanol (5 mL) was added 1N aqueous sodium hydroxide solution (4
mL) at room temperature. The resulting solution was heated to 40-45 °C and
stirred for 4 h. Then, the ethanol was removed under vacuum and the residue was
- 20 dituted with water (25 mL). The aqueous solution was vgﬁshed with diethyl ether
| (25 mL) to remove any neutral impurities. The aqueous layer was acidified with 1.0
N HCI and was extracted with ethyl acetate (2 x 25 mL). The combined organic
extracts were washed with brine solution {50 mL) and were dried over anhydrous
magnesium sulfate. Filtration of the drying agent and concentration of the filtrate
25 afforded 71 mg (80% yield) of N-[(2-chloro-6-methyiphenyl)carbonyl]-4-[1,6-
dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl] -L—phenyialaﬁine as a white solid:




Mol. W.: 506.90 15 To a suspension of N

(2-chl or o- 6- net hyl phenyl )carbonyl] -4- [ 1, 6-di nethyl -4- 4 June 2004
(trifluoronethyl)-2-oxo-3-pyridinyl]-L-phenyl al ani ne nethyl ester (91 ng,
0.174 mE0PIMIRIBt hanol (5 nl) was added I N aqueous sodi uR¢HERRGMIRe
solution (4 nlL) at roomtenperature. T#e resulting solution was heated to
40-45 C and stirred for 4 h. Then, the ethanol was renoved under vacuum
and the residue was 20 diluted with water (25 nmL). The aqueous sol uti on was
‘washed wit h mp@RoPR3L. Eéf}mMSMCﬂCdéor@zsﬂnﬁl&h&OméM&M) 529pLil, fqund. The
aqueous Iayg \gzﬁ&am dified wwth 1.0 N HCO and was extracted with ethyl
acetate (2 7‘3 The conbi ned organi c extracts were washed wth brine
solution (50 m) and were dried over anhydrous rmagnesi um sul fate

Filtration n
it or ded 71 gt SRR M- CoPSAI AN M B bR 85, |
di met hgl - 4- (Meihyﬂjm(mﬁmdmhgetlﬁrl)e%ox@%mmdinﬁ [Llphenplakenideal ani ne as a white
solid: 4 June 2004, WO 01/42215 PCT/ EPOQ 11979 65 np 220-223C. ES-HRMS m e
calcd for C sH22 'f-'==3 pO4 (MeNa) 529. 1111, found 529.1119. Exanple 37.
Preparation 1- (2- met hoxyet hyl )cydopent yl] carbonyl] -4- [1,6- 5
dimethyl-4-(trifiiu t hyl ) - 2- oxo- 3- pyri di nyl] - L- phenyl al ani ne CH3
H3CWN,, ~,, 0 OH B Ml. W.: 508.53 N [ [
1- (2- met hoxyet hyl G&y tyi] car bonyl ] -4- [ 1, 6-dinethyl-
(trifluoromethyl)-2-oxo-3-fpyridinyl]-L-phenylalanine (np 181-183C) was
prepared from 4- , -4-(tri$uoronet hyl)-2-oxo-3-pyridinyl] -L 10
phenyl al ani ne nd 1-(2-met hoxyet hyl)cycl opent ane carboxylic
acid (obtained as de in WD 9910313) using the general procedures
described in exanpl . ES-HRVMS ml e cal cd for C26H31F3N205 ( M+Na)
531. 2077, found 531- 4. 15 Exanple 38. Preparation
of N-[ (2, 6-di chl or &adtedyiPear bonyl | - 4-[ 1, 6- di net hyl - 4-
Mol. Wt.: 508.53

N-{[1-(2-methoxyethyl)cyclopentyl]carbonyl]-4-[1,6-dimethyl-4-

(triflaoromethyl)-2-0xo-3-pyridinyl]-L-phenylalanine (mp 181-183°C) was

prepared from 4-[1,6-dimethy}-4-(trifluoromethyl)-2-oxo-3-pyridinyl}-L-
10 phenylalanine methyl ester and 1-(2-methoxyethyl)cyclopentane carboxylic acid

(obtained as described in WO 9910313) using the general procedures described in

example 36. ES-HRMS m/e calcd for Cpsts F5N2Os (M+Na) 531.2077, found

531.2084.

15 Example 38. Preparation of N-[(2,6-dichlorophenyl)carbonyl]-4-[1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine ethyl ester

CH, CH,
] X {
H,C_N._O ' H,C_N._O
I - I -
CF, CF,
OH ~—~—— 3 y O
Cl HN Cl HN
o®° | o?
cl cl
CZ4H190l2F3N204 025H230I2F3N204
Mol. Wt.: 527.32 Mol. Wt.: 555.37

To a suspension of N-[(2,6-dichlorophenyl)carbonyl]-4-[1,6-dimethyi-4-
(trifiuoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine (145 mg, 0.275 mmol) and



(trifluoromethyl)-2-oxo0-3-pyridinyl]-L-phenyl al anine ethyl ester CH3 CH3 , 0O
H3CN,..e,, 0 H3C/N, e C24H1sCLF3N2O4 Mol. W.: 527.32 OH C HORANLFIN2O4
Ml. W.: 555.37 0--1-11 To a suspensi on of

N-[ (2, 6- MQ@WWB2W¥phenyl ) car bonyl ] - 4-[ 1, 6- di net hyl - 4- PCT/EP00/11979
(trifluoronethyl)-2-oxo0-3-pyridinyl]-L-pbenyl al anine (145 ng, 0.275 mmol)
~and 4 June 2004 WO 01/ 42215 PCT/ EPOO/ 11979 66 sodi um bi carbonate (185 ng,
2.2 mol) in DMF (2 nL) was added iodoethane (343 ng, 2.2 mmol) at room

t enper at ur e. sodfvem ibicathbomated 85 sig, 2. 2e0mblin DMPR (2inl) casuddehipdoathatree. Then,

t he reacti on,ni S red.in 30, m.) . and tracted with
o “ccet a0 U4 2 YT bl ol e e i i
ri ne sol utitem an) thewea wes pai vadsl fat e :
Filtration of PQte 139 ) % t?at on of theflltrate gave 129
mo (50 yi crpoEA R A8y1ataRte BRI0TROC TR LahbARe Bredpitatiac S O

Cryst Ff’”’”‘j;@%”“*‘“ml T Ty vy r;‘f““"“"m’af;‘g“‘*‘&b “"fé‘aazpém
crystalline sol i e C

(M) 10 57 Rligts7 Bl Rgn of B8 i, 37 o Eeng HOp O i il als 5554

N-[ (2, 6-di cmsemﬁadm;amcm Mﬂéroﬁhéﬂylﬁaﬂbﬂﬁﬂﬂyll G_demeth 1-4- _

o O ) i )2 -y PR B Vel et % By axnro]

white solid: mp 86-91°C. ES HRMS m/e caled for CysH23ClLFsN2Q4 (M+Na)
10 577.0876, found 577.0887.

Example 39. Preparation of N-{(2,6-dichlorophenyl)carbonyl]-4-{1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine 2-[(N,N-

diethyl)amino]ethyl ester
CH, CH,
H,C._N._O H,C._-N._O
| L
CF, CF, .
O™ ™
c HN SO > | Hiy “,‘\
Cf" ’ "
Cl Cl
CZ4H1QCIZF3N204 C3DH320l2F3N304
15 Mol. Wt.: 527.32 Mol. Wt.: 626.49

To a mixture of N-[(2,6-dichlorophenyl)carbonyl]-4-[1,6-dimethyl-4-
(trifiuoromethyl)-2-oxo-3-pyridinyl] -L-phenylalaniné (145 mg, 0.275 mmol), 2-
diethylaminoethyl chloride hydrochloride (487 mg, 2.75 mmol)} and potassium
carbonate (380 mg, 2.7 mmol) was added ethyl acetate (3 mL) and water (3 mL) at
20 room temperature. The mixture was stirred for 72 h at room temperature. Then,
the reaction mixture was poured into a mixture of water (30 mL) and ethyi acetate
(30 mL). The layers were separated and the aqueous laye; was extracted with ethyl
acetate (2 x 20 mL). The combined organic extracts were washed with brine
" solution {60 mL) and were dried over anhydrous magnesium sulfate. Filtration of
25 the drying agent and concentration gave the crude product, which was purified by
sitica gel chromatography using a Biotage (40s) column afforded 122 mg (71%
yield) of N-[(2,6-dichlorophenyl)carbonyl] —4—[1,6—dimethyl—4-(n'iﬂuoromethyl)-Z-
0x0-3-pyridinyl}-L-phenylalanine 2-[(N,N-diethyl}amino]ethyl ester as an




OHri u~i~O-~IV~ C "4,-" -CI 15 C24Hs9Cl 2F3N204 MoL. W: 527. 32

C30H32CI 2F3N3O4  Mbf . W .: 626.49 To a mixture of 4 June 2004

N-[ (2, 6-di chl orophenyl ) carbonyl ]-4-[1, 6-di net hyl -

(trifl uorwomiikydly- 2- oxo- 3- pyri di nyl ] -L-phenyl al ani ne (145PaWEPQ/AFE mmol ),
2- di et hyl am noet hyl chl.oride hydrochl o67de (487 ng, 2.75 mmol) and
potassium carbonate (380 ng, 2.7 nmol) was added ethyl acetate (3 nlL) and
water (3 nL) at 20 roomtenperature. The m xture was stirred for 72 h at
room t enper ajnbsphobéiRhite scHICES GG aife ciltd fodGoNACLBMNIGRAM-AHD a m Xxture of

water (30 nmL)_ and e te (30 nL). The | ayers were separated and the
aqueous Iaye Wgseé?l‘ﬁ}‘/ééfégé%th ethyl acetate (2 x 20 nlL). The conbi ned

organi c extracts were washed with brine solution (60 nL) and were dried

over anhydrous gne um sul f Fi II tiqn o 5 ryin ent and
cgncen% rati otm i %&‘g(ﬁ % ?ﬁ‘%@%ﬁgﬁ%%ﬁﬁﬁ& gﬂj)

chromalsogr apyifiiétonte D Qxe B fri’cﬁﬁ -‘L Héﬂiilahhiﬁ%' ¢ o yle

of N- [ ( 2, 6-di chl orophgwr?dyl ) car bonyI 91 - di et hy -4?(t r |°1@’uoromet hyl ) - 2-

arni no] ethyl ester as
dlis white solid. ES- HRVS

m e calcd for
Preparation of N- i
(trlfluorornathyl)cn@3 ¢
CH3 CH3 ~ H3C. N. O H3C N|OCI

o0
¢l HN > z T
(o] 0 0
O O
Cl Cl

y C..H.-.CLLF.N..O
C24H1QCI2F3N204 2g' "2512" 3'v2ve
Mol. Wt.: 527.32 Mol. Wt.: 613.41

To a suspension of N-[(2,6-dichlorophenyl)carbonyl]-4-{1,6-dimethyl-4-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine (145 mg, 0.275 mmol) and

10 sodium bicarbonate (185 mg, 2.2 mmol) in DMF (2 mL) was added 1-chloroethyl
acetate (270 mg, 2.2 mmol} at room temperature. The mixture was stirred for 48 h
at room temperature. Then, the reaction mixture was poured into water (30 mL)
and was extracted with ethyl acetate (3 x 20 mL). The combined organic extracts
were washed with brine solution (60 mL) and were dried over anhydrous

15 magnesium sulfate. Filtration of the drying agent and concentration gave the crude
product, which was purified by silica gel chromatography using a Biotage (40s)
column to afford 110 mg (65% yield) of N-[(2,6-dichlorophenyl)carbonyl]-4-{1,6-
dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl] -L-phenylalanine 1-(acetoxy)ethyl
ester as an amorphous white solid. ES-HRMS m/e calcd for CQng_r,CIQFg.NzOs

20 (M+Na) 635.0931, found 635.0932.

Example 41. Preparation of N- [(2-c}ﬂoro-6-methy1phen;l) carbonyl}-4-[1,6-
dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine ethy] ester



C24H 9Cl 2F3N204 Mo[. W: 527.32 OHi C C2, H2$Cl 2F3N206 Moi. W.: 613.41
To a suspensi on of N-[ (2, 6-di chl or ophenyl ) car bonyl | - 4- [ 1, 6- di fr8tmg/2004
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylal anine (145 ng, 0.275 mmol)
and 10 soWeW432Par bonate (185 ng, 2.2 mml) in DVF (2 nlL)PUREPMOITIVY

1-chl oroethyl acetate (270 ng, 2.2 mmvlg8 at room tenperature. The m xture
was stirred for 48 h at roomtenperature. Then, the reaction m xture was
poured into water (30 nL) and was extracted with ethyl acetate (3 x 20
m.). The conblneﬂ organi c extracts were washed with brine solution (60 ni)
and were dried oyer @nhydrous 15 magnesiumsulfate. Filtration of the
dryi ng agent a p cpncentration gave the crude product, which was purified
by silica gel ¢k e mi-ogr aphy using a Biotage (40s) colum to afford 110 ny
(65% vyield) of /,lchlorophenyl)carbonyl] 4-11, 6-

di met hyl - 4- (tdfl ) - 2- 0xo0- 3-pyridinyl | -L-phenyl al ani ne

1- (acet oxy) et hyl r phous white solid. ES-HRVMS me calcd for
C28H25CI 2F3N20C6 20 (AR oB5. 0931, found 635.0932. 0 Exanple 41.
Preparation of N[ i, E 6- met hyl phenyl ) carbonyl]-4-[1,6

di met hyl -4-(triflu t hyl ) - 2- oxo- 3- pyri di nyl ] - L- phenyl al ani ne et hyl ester
4 June 2004 WO 01/ 68 PCT/ EPO0/ 11979 C27H26C1F3N204 Mol . W.: 534.95
N [ (2-chloro-6- neth egyl)carbonyl] -4- [ 1, 6-dinethyl -
(trifluoronethyl)C %%é;ﬂ 4+pyridinyl]-L-phenyl al ani ne ethyl ester can be
pr epar ed fron1N-m@ﬂrﬁh168496 nethylphenyl)carbonyl] -4-

e e i RS s izapn v o
o0x0-3-pyridinyl}-L-phenylalanine ethyl ester can be prepared from N-[(2-chloro-6-
methylphenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl] -

5 L-phenylalanine and iodoethane using the general procedure described in example
38.

Example 42. Preparation of N-[(2-chloro-6-methylphenyl)carbonyl}-4-[1,6-
dimethyl-4-(triflucromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine 2-{(N,N-
10 diethyl)arnino]ethyl ester

3, HysCIEN;O,
Mol. Wt.: 606.08

N-[(2-chloro-6-methylphenyl)carbonyl}-4-{1,6-dimethyl-4-(trifluoromethyl)-2-
o0xo0-3-pyridinyl]-L-phenylalanine 2-{(N,N-diethyl)amino]ethyl ester can be
prepared from N-[(2-chloro-6-methylphenyl)carbonyl]-4-[1,6-dimethyl-4-

15 (trifluoromethyl)-2-ox0-3-pyridinyl]-L-phenylalanine and 2-[(N,N-
diethyl)amino]ethyl chloride hydrochloride using the general procedure described

in example 39.



38. Example 42. Preparation of N-[ (2-chl oro-6-net hyl phenyl ) car bonyI 4- [1,
di met hyl -4- (trifl uoronet hyl)-2-oxo- 3-pyri di nyl ] - L- phenyl al anfdeng2 ‘%Q‘N N-
di et hyl )am no] et hyl ester C31H35C1F3N304 Mol. W.: 606. 08

N-[ ( 2- cbIW@81/8223%t hy| phenyl ) car bonyl ] - 4-[ 1, 6-di PCT/EP00/11979

net hyl-4-(trifluoronethyl)-2- oxo-3-pyré2inyl] -L-phenylalanine

2-[ (N, N-di ethyl )am no] ethyl ester can be prepared from

N-[ (2-chl or o- 6- met hyl phenyl ) car bonyl ] -4-[1, 6-di methyl -4 15

(t ri $uor onetExaimpl@4H Poepirsioni afiNy{2-cHlohé mydthylphéoyd) carhdn@]-E [N, 6N

di et hyl ) am i noj at Ior| | or i t ure
described it f%a%l'(é"g Pro Wgﬁ%g?’ cg&ylﬁ—;zé\% ﬁ%@%ﬁ%’%&g’?aam e
43. Preparatdsted of N-[(2- chI or o- 6- met hyl phenyl ) carbonyl | -4-[ 1,6- :
di met hyl -4-(trifluoromethyl)-2-o0xo0-3-pyridinyl]-L-phenyl al ani ne

1- (acet oxy)ethyll ester 0 C291 sCIF3N206 Mol. W.: 592.99 5

N-[ ( 2- chl or o™ 6xHE | phenyl ) carbonyl]-4-[1, 6-dinethyl-4-(trifluoronethyl)-2
- 0x0-3-pyridi - phenyl al anni ne 1-(acetoxy)ethyl ester can be prepared
fromN [ (2-ch @ hyl phenyl ) carbonyl ] -4-[

1, 6-di net hyl - | N uerQnet hyl ) - 2- oxo- 3-pyridi nyl]-L-phenyl al ani ne and

1- chl or oet hyl acet ate usijng 6hecgeneral procedure described in exanple 40.
10 Exanpl e 44. Prepay #NOr

of N-[ (2, 6d|chloropen ar boryl iy 4- (1, 4- di net hyl - 6-
(trifluoronet hyI ) r 0-@ pyridinyl)-L-phenylal anine a) Preparation of
4- met hoxy- 1, 1, : r opent - 3-en-2-one -0 CAH8OCAF603C6H/F302
Gt CIE;N, O
Mol. Wt.: 592.99
5 N-[(2-chloro-6-methylphenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoromethyl}-2-
oxo-3-pyridinyl]-L-phenylalanine 1-(acetoxy)ethyl ester can be prepared from N-
[(2-chloro-6-methylphenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoromethyl}-2-oxo-
3-pyridinyl]-L-phenylalanine and 1-chloroethyl acetate using the general procedure

described in example 40.
10
Example 44. Preparation of N-[(2,6-dichiorophenyl)carbonyl}-4-(1,4-dimethyl-6-
(trifluoromethyl)-2-oxo-3-pyridinyl)-L-phenylalanine
a) Preparation of 4-methoxy-1,1,1-trifluoropent-3-en-2-one

o 0 O FF
P MNE > ¢
F F —0

CHO C.FeO, CeH E50,
Mol. Wi.: 72.11 Mol. Wt.: 210.03 Mol. Wt.: 168.11

15 To a solution of 2-methoxypropene (3.68 g, 51.03 mmol) and py'ridine (135¢g,
© 16.69 mmol) in dichloromethane (15 mlL) was added a sojution of triffuoroacetic

anhydride (10 mL, 46.56 mmol) in dichloromethane (8 mL) at 0°C over a period of
10-12 min. After addition, the solution turned to dark red-brown and then the
cooling bath was removed and stirring was stopped. The mixture was allowed to

20 stand for 16 h and was diluted with ice cold water (45 mL) and dichloromethane
{120 mL). The two layers were separated and the organic layer was washed
successively with 2N HCI (35 ml), saturated sodium carbonate solution (75 mL)



MIl. W.: 72.11Mol. W.: 210.03Mol. W.: 168.11 15 To a sol ution of

2- met hoxypropene (3.68 g, 51.03 mmol) and pyridine (1.35 g, 49481%800hol) in
di chl oronet hane (15 nL) was added a sojution of trifluoroacetic anhydride
(10 nil, WO HEB2HADI) in dichloronmethane (8 nlL) at 0C over PETHFROVBATDf

10-12 mn. After addition, the solution #gurned to dark red-brown and then
the cooling bath was renoved and stirring was stopped. The m xture was
allowed to 20 stand for 16 h and was diluted with ice cold water (45 ni)

and di ch: or orgpt baine solﬁﬂigﬂ (Z8.L) Iﬂi@w&y\ml iddagre f&z Nma@rmgmatﬁﬁmmﬂﬁﬂ&(;
organi c | ayer S, washe syccessively wt , Saturate

o o bt e ee Rl GoRcnertioh geshud g Prodush S RIC B o0y 11070
and brine 50|b?tfdiﬁﬂlaﬁ&5uﬂdérlﬁghhdaﬁﬁmdbiaﬁ’ﬂrdﬂ%6 £(E3981yield3 of 2ahetiv gl f at e.
Filtration o ihe dryi nq age_at and Eﬁ%ﬁ&?ﬁﬂ”atl on gave the crude product,
whi ch was purkb}-SdfugpPefts-frepnesia AVQH- vacuum to afford 5.546 g
(65% vyigld) of 4-methoxy- 1,1,1-trifluoropent-3-en-2-one as a light yellow
oil. 5 b) Preparation of L ' - .

4- et hyl - 2( 135Paspa:aé.l-oeltqfﬂfma@wb%@ﬁw%%muﬁ@%@@&vm%é-caée,q)@rh%t hyl
ester O %H?E@QWCIOHN 3NO3 Mbl. W.: 168.11Mol. W.: 131. 13Mol.

W.: 249.19 To a suspension of 4-nmethoxy- 1, 1, 1 -trifluoropent-3-en-2-one

(5.53 g, 32.89 mMmub) 0 and etdjyl gmal onat e nonoam deg (4. 3%‘ 9,0 32. 89 mol)

in ethanol (30-l) Badged soffli ugh et hoxi de (11. 7§ g,° 3 ol , 21%

pure) at room t @mperatfireTadfN"t reBut i ' s h Oq_~- - 85C.
r

After stirringQor 18 h, the reaction mixture was cool ed to om
tenperature and 15% HCl (10 nlL) was added. Then, it was dil uted with water
(10 nmL) and was GXEF8t ed wi t hCRJND.0f orm (2 x 50 nl). 16:HhdN0pbi ned

extracts wer eMaswediggiiih bryigewaohst.ipn (100 L) and welok Wi:izdd.19over
anhydrous sodiumsulfate. Filtration of the drying agent and concentration

gave the crudie arusprnsion offiropthamy 1gul-triflvogonspt-3ian-2-ong é5.53 Br Pt ®EAbhy on
g ; 4|-3irrg%(ﬁgle- ( : E&E‘t@?ﬁ{d@ﬁaﬁe%@ﬂéa%ﬂe 4.32¢,%2(89 20¥1)§h €dhanol (30 mL) was
yl -2 X0

added sodium ethoxide (11.72 g, 36.18 mmol, 21% pure) at room temperature and
the reaction mixture was heated to ~85°C. After stirring for 18 h, the reaction
mixture was cooled to room temperature and 15% HCl (10 ml) was added. Then,
it was diluted with water (10 mL) and was extracted with chloroform (2 x 50 mL).

15 The combined extracts were washed with brine solution {100 mL) and were dried
over anhydrous sodium sulfate. Filtration of the drying agent and concentration
gave the crude product, which was purified by silica gel chromatography on a
Biotage (40m) column to afford 5.22 g (62% yield) of 4-methyl-2(1H)-ox0-6-
(trifluoromethyl)pyridine-3-carboxylic acid ethyl ester as an amorphous white

20 solid. ES-LRMS: m/z 313.4 (M+Na+CH3;CN).

c. Preparation of 1,4-dimethyl-2(1H)-oxo-6-(trifluoromethyl)pyridine-3-

carboxylic acid ethyl ester
H ?Ha

F,CN._.0 F,C o

| > |
7 CO,C,H, 7 CO,C,H,
CH, CH,
C)oHoF5NO, Cy H,F3NO;
Mol. Wt.; 249.19 Mol. Wt.: 263.22
25 To a suspension of 4-methyl-2(1H)-oxo-6-(trifluoromethyl)pyridine-3-carboxylic

acid ethyl ester (5.2 g, 20.87 mmol} and potassium carbonate (8.65 g, 62.59 mmol)




(trifluoronethyl)pyridine-3-carboxylic acid ethyl ester as an anorphous
white 20 solid. FS-LRVB: mz 313.4 (M:Na+CH3CN). c. Prepar at#dwe#004
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4-met hyl - 2(1H) - oxo-6-(trifl uoronet hyl) pyri di ne-3-carboxylic acid ethyl
ester (5.2 g, 20.87 mmol) and potassium carbonate (8.65 g, 62.59 nmol) 4
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room t enper ahixtereand cbéled torobgrtainpetanlredad oy idofgahicsolids weae filtehel sl | ds :
were washed with. . Th ol t concentrated under vacuum 5 and the
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col umst o afdndrite fesid@e Graf pilifiad 81 siljca@ll chrémaliogriphy lon2(Ribjage (b}
(tr.ifluoronetlil'élgz r'gi I_DIS-% tﬁﬁo ajalcg % id ?ﬁptlzﬁster aasg an anor phous
white soli ol iAo ADZEL T e ofily ((Fre$-%86. 0661, found
286. 8664- . 1|({tﬂﬂl%&6ﬁiéﬁfy@byﬂdin' ©8-carboxylic acic}:I ethyl ester as an amorphous white
1, 4-di net hyl - 6- | r Qe -1 Ldin- 2- CH3 4 N,e O
F3C, ~ N, -SP%MMHP@EEQ%@3 &&*%33@3.5-0%@ found8s. F3NO
Ml . W.: 191.15 :

10 d) Preparation of 1,4-dimethyl-6-(triftuoromethyl)-1H-pyridin-2-one

CH, CH,
i 1
F,C._N._0O F,C._N._.0
| l
LGS >
CH, CH,
CI IHl ZFSNOB C8H8F3NO

Mol. Wt.: 263.22 Mol. Wt.: 191.15

To a mixture of 1,4-dimethyl-2(1H)-oxo-6-(trifluoromethyl)pyridine-3-carboxylic
acid ethyl ester (2.5 g, 9.5 mmol) and lithium chloride (1.0 g, 23.6 mmol) was
added DMF (15 mL) and water (0.38 mL) at room temperature. The reaction

15 mixture was heated to a bath temperature of 160°C and stirred for 19 h. The
reaction mixture was cooled to room temperature and diluted with cold ethyl
acetate and diethyl ether (75 mL, 1:1). The resulting mixture was washed with cold
water (3 x 20 mL) and brine solution (20 mL) and was dried over anhydrous
sodium sulfate. Filtration of the drying agent and concentration of the solvent gave

20 the crude product, which was purified by sitica gel chromatography on a Biotage
(40s) column to afford 1.45 g (80% yield) of 1,4-dimethyl-6-(trifluoromethyl)-1H-
pyridin-2-one as a light yellow solid. ES-HRMS m/e calcd for CgHsFsNO {(M+H)
192.0631, found 192.0632.



To a m xture of

1, 4-di met hyl - 2(1 H) - oxo- 6- (tri fl uoronmet hyl ) pyri di ne- 3- car boxyfiene 844 et hyl
ester (2.5 g, 9.5 mol) and lithiumchloride (1.0 g, 23.6 nmol) was added
DMF (15 nWp @HRIpater (0.38 nlL) at roomtenperature. The rREFERIYRIITS

m xture was heated to a bath tenperature&2of 160C and stirred for 19 h. The
reaction mxture was cooled to roomtenperature and diluted with cold ethyl
acetate and diethyl ether (75 m., 1:1). The resulting m xture was washed
with cold we)Prepasition i 14tdimetiv/i{3riode-6stifitoxmmetR{l)11H) ppnidiny®asnar i ed over
anhydrous sodi um éﬁl fate. Filtration of the drying agent and concentration
of the solven 20, the crude product, whfth was purified by silica gel
chr omat ogr aphys Rt age (405) col uﬁic N rd 1.45 g (80%yield) of
1, 4- di met hyl - 6- (thf uor yridifh-2lone as a light yellow solid.
ES— HRVS m e cal cd for C8HsF3NO (NH—i) 192.0 ,~found 192. 0632. 4 June 2004
WO 01/42215 PCTI EPQR[ 11979 72 e) Preparati ogyof

1, 4-di met hyl - 3-i odo-6-(trifluoromnethyl)- 1H-pyr‘?d|n 2- one CH3 CH3 N, O F3C
Z CH3CH3 . CSHERBREYNBI/F3I NO Mal . W.: 19 EVENO W.: 317.04 To a solution
of 1, 4-di met gdl- G tioig fikuor onet hyl ) - 1H- Ry thvﬁ-]%e (1. 44 g, 7.23 nmol),
trifluoroacetic acid (9 nL) and trifluoroaceti ¢ anhydride (1.53 nL, 10.85 5
mmol ) was added sblxﬁoﬁznfﬂwdig;ethﬂ @&ﬁﬂuoﬂo)'nelhyi)-dbhpyﬂdipe?-anuﬂeéﬂr gTﬁéf’r t he

m Xture was heat 1,0 70-85C a d f g] m Xt ure
was cool ed Pbﬂl?@gﬁﬁh?%ﬁ%%ctaﬁ} r\ﬁgf%c{ 5?) r%?cg% [ u%dﬁlgggloéi e so ution was
added 5l ow yrhal) mmadéddiﬁi-s (21569 golaiga mmol)l‘iternoniﬂampaq@mu’ﬁhm, heur e was
extracted with _ eth acet.a X 50 |ned re
o shad Sucoe iy P hefdd B:ae kbt blred RF o ahe PaF St BB 50 )
and brine s Ol:tbtiletbtb fob@Vtemperanrk andsamrste& mﬂmﬂﬂ:raﬂmmmmummmmaddtct ul fate.
Filtration of, t dryin ent concentrati on t he sol nt.,gave a
crude productio¥ %&%ﬁ&gz%ﬂ?fql}l h By “IBFEQ éllsmlxglrewa.s exttacted Witl?

ethyl acetate (2 x 50 mL). The combined extracts were washed successively with

10 saturated sodium thiosulfate solution (100 mL) and brine solution: (100 mL} and
were dried over anhydrous sodium sulfate. Filtration of the drying agent and
concentration of the solvent gave a crude product, which was purified by silica gel

chromatography on a Biotage (40m) column to afford 1.02 g (45% yield) of 1,4-
dimethyl-3-iodo-6-(triflucromethyl)-1H-pyridin-2-one as an amorphous white
15 solid. ES-LRMS: m/z 318.1 (M+H), 381.2 (M+Na+CH3CN).

f) Preparation of N-[(1,1-dimethylethoxyl)carbonyl}-4-[1,4-dimethyl-6-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl ester

F
F
e F | N_,O
N._O ¢ )
Pl 7
I > &
CH—’.' ! OMe
CH,F;INO . io B!
Mol. Wt.: 317.05 OMe
>L0/1§0 ) C,;H,,FN,0;
Mol. Wt.: 468 47
CsHINO,
Mol. Wt.: 405.23

.20 To a suspension of zinc dust (1.96 g, 30 mmol) in THF (1.0 mL) was added 1,2-
dibromoethane {172 pL, 2 minol)) at room temperature. This suspension was




chromat ography on a Biotage (40m colum to afford 1.02 g (45% vyiel d) of

1, 4- di methyl - 3-i odo-6-(trifluoronethyl)-1H pyridin-2-one as%di& hous
white 15 solid. ES-LRMS: mz 318.1 (M+H), 381.2 (MtNa+CH3CN). f)
Preparatiw@oa#224s [ (1,1 -di nethyl et hoxyl)carbonyl] -4- [RCLERNMIOTYI - 6-
(trifluoromethyl)-2-o0x0-3 -pyridinyl] -k3phenylal anine nethyl ester F CF~
C8H7F31NO Mal . W.: 317.05 CISH20INO4 Mdl. W.: 405.23 11 O ~--o0
C23Hz7F3N205 Mol . W.: 468.47 Ovs 20 To a suspension of zinc dust (1.96 g,
30 mmol) in Hédted tb 60-689C WAB 2 dstqfinluntil eetilbticBRthylate a&Zé?aséd TRediphel ) ) at

roomtenperature.  This suspension was 4 June 2004
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and trimethyl chl orosil ane (150 pL, ) ). was_ added dDi Ee m xture
ne (24 ¢, 7.57 mmoli1

was stirred figpetag- %ﬁqqlo-ém(@@slam%;b rPYH
di met hyl - 3- Iﬁﬂ%@sﬁiarmédmam&@(ﬁﬁm%&wrdhﬁanaoﬁandlwesaadeaznaﬁal) in DVA (6

5 nm) was warned with a heat gun to_effect dissolution g ‘gas added in one

portion to tRetoadethereaciopmpixturehiteraddiion themodyre was tofls’hédat ed to

70-75 C  anda\aSdtirfdd¥or 2 Rl at4vhich frhe WY TIC hhdWpis dTn bligu étnﬁrhkﬁlh%dOf an
aliquot, which had been quenchec W th satura 5 d ammnl um ch

sol ution, i nbgeaauerch ated agrmeigm chloridasoliytion, Indiggted, 56 ﬁeBFF m xture
was diluted yfddyih %&&Mm&ﬁ%ﬁ?ﬂk&ﬁl Wis Pt PRMITEIPES ALY MaszBdlel he

excess zinc dust al I oned to settle. The abqve prepared sol ution
cont ailfi ng twoﬂm@mﬁé d (the sycessang dyshwas allayed o setesol uti on of

Pd(dba) 2 (27, dEhovd pffirdBRItbn dohtatiihy HRRSARUndF. 578nmol) was
added to a solution of Pd(dba); (274 mg, 0.478 mmol), trifurylphosphine (391 mg,
1.287 mmol) and N-[(1,1-dimethylethoxy)carbonyl]-4-iodo-L-phenylalanine
methyl ester (3 g, 7.411 mmol) in THF (7 ml) at room temperature and the light
'15  yellow mixture was stirred for 40 h at 50-55 °C. The reaction mixture was poured

into a saturated ammonium chloride solution and was extracted with ethyl acetate
(3 x 70 mL). The combined extracts were washed with brine solution (100 mL) and
were dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration gave the crude product, which was purified by silica gel

20 chromatography on a Biotage (40m) column to obtain 1.289 g (36% yield) of N-
[(1,1-dimethylethoxyl)carbonyl} -4—[1,4—dimethy1—6-(triﬂizoromethyl)—Z—oxo—S-
pyridinyl}-L-phenylalanine methyl ester as an amorphous white solid. ES-HRMS
m/e caled for CasHayFsNLOs (M+Na) 491.1764, found 491.1764.

25 g) Preparation of 4-[1,6-dimethyl-4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-
phenylalanine methyl ester hydrochloride salt '
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Mol. Wt.: 404.81




1.287 mmol) and N-[(1, 1-dinethylethoxy)carbonyl]-4-iodo-L-phenylal ani ne
methyl ester (3 g, 7.411 mmol) in THE (7 nL) at room tenper af dere 200f t he
light 15 yellow m xture was stirred for 40 h at 50-55 C. The reaction
mxture WO MBZREd into a saturated ammoni um chl ori de solRQU/EROAIIIWAS
extracted with ethyl acetate (3 x 70 mp4 The conbi ned extracts were
washed with brine solution (100 nL) and were dried over anhydrous
magnesium sul fate. Filtration of the drying agent and concentration gave
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with 4 N HC solution in di oxane (4.0 nL) at roomterrperature The
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hydr ochl ori de q@l &gas an anor phous white solid. y mz 369.3 (MtH),
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Mol. Wt.: 404.81 Mol. Wt 541.35

To a suspension of 4-[1,4-dimethyl-6-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-
phenylalanine methyl ester hydrochloride salt (216 mg, 0.53 mmol) and 2,6-

15 dichlorobenzoyl chloride (120 mg, 0.57 mmol) in THF (6 mL) was added DIEA
(210 pl, 1.19 mmol) at room temperature. After 5 min, a clear solution was

. obtained which was stirred for 18 h. Then, the mixture was diluted with ethyl

acetate (50 mL). The ethyl acetate solution was washed successively with 0.5 N HCl
(50 mL), saturated NatICOj3 solution ( 50 mL) and brine solution (50 mL) and was

20 dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concenfration gave crude product, which was dissolved in ethyl acetate (~3 mL)
and hexanes {~3-4 m1) was added and stored in the refrigerator. The solid was
collected and washed with hexanes. After drying under high vacoum, 270 mg
(93.5% yield) of N-[(2,6-dichlorophenyl)carbonyl] -4-[1,4-dimethyl-6-

25 (triflucromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine methyl ester was obtained a
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of 4-11, 4-di met hyl -6- (trifl uoronethyl)-2-oxo-3-pyridinyl]-L- phenyl al ani ne
met hyl esweroildgaisochl oride salt (216 ng, 0.53 mmol) and 2PCT/EB00/11979

di chl orobenzoyl chloride (120 ng, 0.57 pyol) in THE (6 nL) was added D EA
(210 L,1.19 mmol ) at roomtenperature. After 5 mn, a clear solution was
obt ai ned which was stirred for 18 h. Then, the m xture was diluted with
ethyl —acet ajRité §ﬂ1dffh§p 176tn3ethyd-rapas ai/e cdled foriGsHNah MM ENg)cessi vel y
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Filtration of the drying agent and concentration gave crude product, which

was dissolved_in ethyl acetate. (-r3 nL was added
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To a suspension of N-[(2,6-dichlorophenyl)carbonyl]-4-[1,4-dimethyl-6-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine methyl ester (243 mg, 0.45
mmol) in ethanol (5 mL) was added 1N aqueous sodium hydroxide solution (1.8

10 mL) at room temperature. The mixture was heated to 45-50 °C and was stirred for
2 h. Then, the ethanol was removed under vacuum and the residue was diluted with
water (20 mL). The aqueous solution was washed with ethyl acetate (50 mlL) to
remove any neatral impurities. The aqueous layer was acidified with 1.0 N HCl and
the product was extracted with ethyl acetate (2 x 50 mL). The combined organic

15 extracts were washed with brine solution (50 mL) and were dried over anhydrous
magnesium sulfate. Filtration of the drying agent and concentration afforded 186
mg (79% yield) of N-{(2,6-dichlorophenyl)carbonyl]-4-{1,4-dimethyl-6-
(trifluoromethyl)-2-oxo0-3-pyridinyl]-L-phenylalanine as an amorphous white
solid. ES-HRMS m/e caled for CpeH,sCLF3N;04 (M+Na) 549.0567, found

20 549.0573. .
45. Preparation of N-[(2-chloro-6-methylphenyl)carbonyl] -4-(1,4-dimethyl-6-
(triftuoromethyl)-2-oxo-3-pyridinyl)-L-phenylalanine



mmol ) in ethanol (5 rnL) was added I N aqueous sodi um hydroxi de sol ution
(.1.8 10 nL) at roomtenperature. The mixture was heated to 43uB®2¢94hnd was
stirred for 2 h, Then, the ethanol was renoved under vacuum and the

resi due WO @i RiSed with water (20 nL). The aqueous sol utRGCREP@H1IShed
with ethyl acetate (50 mL) to renpve anyg neutral inpurities. The aqueous
| ayer was acidified wwth 1.0 N HJ and the product was extracted with
ethyl acetate (2 x 50 nL). The conbi ned organic 15 extracts were washed
with brine solution (50 nL) and were dried over anhydrous nagnesium

sul fate. Filgprétiq‘g of~ the drying agent and concentration afforded 186 ng
(79% vyield) oBb , 6-di chl orophenyl ) carbonyl] -4-[ 1, 4-dinethyl-6-
(trifluoronethyl) -pyridinyl]-L-phenyl al ani ne as an anor phous white
solid. ES-HRVE m efcal or Cz4HLOCL2F3N2O4 (MeNa) 549. 0567, found 20
549. 0573. 51 45. Prfepara of N-[(2-chl oro-6-mnethyl phenyl) carbonyl ]

-4- (1, 4-di nmet hyl - 6- hyl ) - 2- oxo- 3- pyri di nyl) - L- phenyl al ani ne 4
June 2004 WD 01/ 42215 QIGHN 8C-""NCO OH PCT/ EPf1 0111979 C25Hz2Cl F3N204

Mol . W.: 506.90 N- [ _&2-&hl qpo-6- et hyl phenyl ) car bonyl ]

- -4-(i,4-di et hyl -6- f1 ronet hyl)-2- oxo-3-pyridinyl)-L-phenyl al ani ne
was prepared from 4- i met hyl - 6-
(trifluoromethyl)-2-o0xo-3-pyridinyl]-L-phenyl al ani ne nethyl ester and
2-chloro-6 5 net h@aﬁ&ﬁQ@Nzéﬂl oride using the general procedures described
in exanpl e 44. ESMdJLRWE: #&9%07. 1 (M+H), 529.1 (MtNa). Exanpl e 46.
Preparation of N-[ (2-chl or g- 6- net hylghen | ) car bonylﬂ]l- 4-11, 4-

di met hy!l - 6- ( 8 I@taprerfemethyiphepylisasbanyibly#+( 4 rdimethyl-Spltefiyeramgthyi-2et hy |
ester F [ O oxo-3-pyridinyl)-L-phenylalanine was prepared from 4-[1,4-dimethyl-6-

(triffnoromethyl)-2-oxo-3-pyridinyl] -L-phenylalanine methyl ester and 2-chloro-6-

5 methylbenzoyl chloride using the general procedures described in example 44. ES-
LRMS m/z 507.1 (M+H), 529.1 (M-+Na).

Example 46. Preparation of N-{(2-chloro-6-methylphenyl)carbonyl]-4-{1,4-
dimethyl-6-(trifluoromethyl)-2-oxo0-3-pyridinyl} -L-phenylalanine ethyl ester

|
N
#

C,H,:CIFN,O,
10 Mol. Wt.: 534.95

N-[(2-chloro-6-methylphenyl)carbonyl]-4-[1,4-dimethyl-6- (ﬁiﬂuoromethyl)—Z—

oxo—3-pyridinyl] -L-phenylalanine ethyl ester can be prepared from N-[(2-chloro-6-

methylphenyl)carbonyl]-4-[1,4-dimethyl-6-{trifluoromethyl )-2-oxo-3-pyridinyl}-

L-phenylalanine and iodoethane using the general procedure described in example
15 38.
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1- (acet oxy) et hyl G A 15 C2gH28CI F3N2O6 Mol . W.: 592.99 N |
(2-chl or o- 6- et hyl phee}lll_?N 3 b;(_l/].\fqg.-\[ 1, 4-di et hyl - 6-

(trifluoronethyl)-
ot

CaHaCIFaN,O,
Mol. Wt.: 606.08

5 N-[(2-chloro-6-methylphenyl)carbonyl}-4-[1,4-dimethyl-6-(trifluoromethyl)-2-
oxo-3-pyridinyl}-L-phenylalanine 2-[(N,N-diethyl)amino]ethyl ester can be
prepared from N-[(2-chloro-6-methylphenyl)carbonyl]-4-[1,4-dimethyl-6-
(trifluoromethyl)-2-ox0-3-pyridinyl]-L-phenylalanine and 2-[(N,N-

- diethyl)amino)ethyl chloride hydrochloride using the general procedure described
10 in example 39.

N-[ (2-chl oro-6-

Example 48. Preparation of N-[(2-chloro-6-methylphenyl)carbonyl}-4-{1,4-
dimethyl-6-(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine 1-(acetoxy)ethyl

ester
Fo
F N._.O
Fodl
=
CH,
O
Cl HN 0? Y
&
O o
C,oH,,CIF,N, O,
15 Mol. Wt.: 592.99

N-[(2-chloro-6-methylphenyl)carbonyl]-4-[1,4-dimethyl-6-(trifiuoromethyl)-2-
oxo-3-pyridinyl}-L-phenylalanine 1-(acetoxy)ethyl ester can be prepared from N-
[(2-chloro-6-methylphenyl)carbonyl]-4-[1,4-dimethyl-6-(trifluoromethyl)-2-oxo-



ox0- 3-pyridi nyl]-L-phenyl al ani ne 1-(acetoxy)ethyl ester can be pregared
from N [ (2-chl oro- 6-net hyl phenyl ) carbonyl ] -4- 4 June 2004
1,4-dimethyl -6-(trifluoromethyl)-2-o0xo 4 June 2004 WO 01/ 42215

- PCT/ EPOO/W@I1822138 3- pyri di nyl ] - L- phenyl al ani ne and 1-chl eCagraghi9aeet at e
usi ng the general procedure described ig exanple 40. Exanple 49.
Preparation of N-[(2, 6-dichlorophenyl)carbonyl]-4-[1, 4-dirnethyl- 6 5
(trifluoromethyl)-2-oxo-3-pyridinyl]-L- phenylalanine ethyl ester

C2fi H23Ci 2F3 ar I 4-

1, 4- di net hyl B%%le?w Ldj\;ﬁgnn%hlag%ﬁgdoxo %bgthglr "gﬁ:ﬂ% mid% %ldn et hyI
ester can bedpﬂcabadmjemin%[(z 6- di chil orophenyl)car bonyl] -4-[

1, 4-di methyl -6-(trifluoromethyl)-2-oxo-3 10 pyridinyl]-L-phenyl al ani ne and.
i odoet hane using the general procedure described in exanple 38. Exanple

50. Prepar at EsampleM9| Pzpsration bf B l{betighprophbayh)caibosdyl] 4- I 4Hdiraethyl-6-6-

ami o] %y (EESRR B P R g T 7T

(2, 6-dichl orqphemy )carbonylj -4- [ 1, 4-dinethyl-

(trifluoromet -z 0X0- 3- pyridinyl]-L-phenylal an| ne 2-j (N, N-diethyl)
am no] ethyl estdr cgn be prepared from

N-[(2,6-dichloro ar bonyl ]-4-[1,4-dinethyl-6-(trifiuoromethyl)-2 4
June 2004 WD 01/42R15 JEPOO 11979 79 oxo- 3-pyridinyl]-L-phenyl al ani ne
and 2-[ (N, N-di et hyﬁ’ B iM0) e hyl chloride hydrochloride using the general
procedure described i ; 9,. Exanpl e 51. Preparation

of N-[ (2, 6-di chl or opheny! arny] 4-[1,4-dinmethyl-6- 5
(trifluoronethyl)-2-px% @ di nyl] -L-phenyl al ani ne 1-(acet oxy) et hyl
ester

Mol. Wt.: 555.37

N-[(2,6-dichlorophenyl}carbonyl}-4-[1,4-dimethyl-6-(trifluoromethyl)-2-oxo-3-
pyridinyl]-L-phenylalanine ethyl ester can be prepared from N-{(2,6-
dichlorophenyl)carbonyl]-4-[1,4-dimethyl-6-(trifluoromethyl)-2-oxo-3-

10 pyridinyl)-L-phenylalanine and iodoethane using the general procedure described
in example 38.

Example 50. Preparation of N-{(2,6-dichlorophenyl)carbonyl]-4-[1,4-dimethyl-6-
(triftuoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine 2-[(N,N-
15 diethyl)amino]ethyl ester

CNHSZCIZFSN3O4
Mol. Wt.: 626.49

N-[(2,6-dichlorophenyl)carbonyl]-4-{1,4-dimethyl-6-(trifluoromethyl)-2-o0xo0-3-
pyridinyl}-L-phenylalanine 2-[(N,N-diethyl)amino]ethyl ester can be prepared
from N-[(2,6-dichlorophenyl)carbonyl]-4-{1,4-dimethyl-6-(trifluoromethyl)-2-




F C28H25CI 2F3N206 Mol . W.: 613.41 0 N-[ (2, 6-dichl orophenyl)carbonyl] -4-
[ 1,4-dimethyl-6-(trifluoronethyl)-2-oxo-3- pyridinyl]-L-phefiyra 395 e

1- (acet oxy)ethyl ester can be prepared from N ((2, 6-

di t hl or opWNerI4221ar bonyl j-4-[ 1, 4-di met hyl -6-(trifl uoronet REIEPR/D90% 3 10
pyridinyl]-L-phenyl al anine and 1-chl orogghyl acetate using the general
procedure described in exanple 40. Bi oassay Exanples 15 Exanple A VIA-4 /
VCAM 1 Screening Assay VLA-4 antagonist activity, defined as ability to
conpete for RiH4i L h<h1 _\mjg}éﬁm,' 4480 a

sol i d- phase, Q%&uglﬂ}g%ogyﬁgﬁ%%ﬁﬂ%ﬁ 4 !%ﬂ)l_ Bl egr?}rle)as}g%lr?glﬁteo VCAM 1
was det ect edhydroghleddensing the semaral Arpeasyre despribedip exgmplsddy: HRP- conj ugat ed
anti-nmouse 1gG chronogenac substrate (K-Blue). Initially, this entailed
coating 96 well plates (Nunc Maxisorp) wth reconbinant human VCAM1 (0.4
.tg in 100 . Bxaoeply §l-§’éawqrafg>re@fdﬂr[&,@1c%cmepbﬁwﬂcabpwwﬂgl%ﬁélmeszlt%s to

stand at 4C - _ d fshideE] - %lﬁ bl ocked
with 250 |tIt%?“i%@ﬂ%Ig%&xﬁ%ﬁﬁgq%egﬁé:@ non-spg%i I ¢” bi nngﬁg On 25 the
day of assay, aFl |plates were washed twi ce with VCAM Assay Buffer (200
pl/well of § .9-HCI, 100 mM NaCl,1 nmM WhCl 2, 0.05% Tween 20; pH
7.4). Test 4 Fung 2004 WO 01/42215 PCTI EP00111979 80 conpounds were

di ssol ved in 100 then diluted 1:20 in VCAM Assay Buffer

suppl emented wi th dy BSA (i.e., final DVMBO = 5% . A series of 1:4

di l uti ons were pertdrne achi eve a concentration range of 0.005 nM

-1.563 pM for each testy Qg O pd per well of each dilution was
ateg, followed by 10 pl of Ranpbs cell-derived
I

added to the VCAM 5 cqat p
VLA-4. These pl ates sequentialFly m xed on a platform shaker for |

mn, incubated for at 37C, and then washed four tinmes with 200
pl /wel | VCAM Assay BuFfer® 100 pl of nouse anti- human integrin 01 antibody
was added to each V\Pdesl'_'zs%gpglzaglnt i n VCAM Assay

Mol. Wt.: 613.41
N-[(2,6-dichlorophenyl)carbonyl]-4-[1,4-dirnethyl-6-(trifluoromethyl}-2-oxo-3-
pyridinyl]-L-phenylalanine 1-(acetoxy)ethyl ester can be prepared from N-{(2,6-
dichlorophenyl)carbonyl]-4-| 1,4-dimethyl-6-(trifluoromethyl)-2-oxo-3-

10 pyridinyl]-L-phenylalanine and 1-chloroethyl acetate using the general procedure

described in example 40.

Bioassay Examples

15 Example A
VLA-4 / VCAM-1 Screening Assay

VLA-4 antagonist activity, defined as ability to compete for binding to immobilized
VCAM-1, was quantitated using a solid-phase, dual antibody ELISA. VLA-4 (c:4f1
integrin) bound to VCAM-1 was detected by a complex of anti-integrin 1

20 antibody: HRP-conjugated anti-mouse IgG: chromogenic substrate (K-Blue).
Initially, this entailed coating 96 well plates (Nunc Maxisorp) with recombinant
human VCAM-1 (0.4 pg in 100 pl PBS), sealing each plate and then allowing the
plates to stand at 4°C for "18 hr. The VCAM-coated plates were subsequently
blocked with 250 pl of 1% BSA/0.02% NaN3 to reduce non-specific binding. On |

25 the day of assay, all plates were washed twice with VCAM Assay Buffer (200 pl/well
of 50 mM Tris-HCl, 100 mM NaCl, 1 mM MnClp, 0.05% Tween 20; pH 7.4). Test



Buffer + 1 ng/nL BSA) and allowed to incubate for 1 hr at 37C. At _the
conclusion 10 of this incubation period, all plates were washdd"d 8904 ti nes
with VCAM Assay Buffer (200 pllwell). A correspondi ng second anti body,

HRP- conj uy&¥H#28at anti- nouse 1gG (100 pd per well @ 1: RET/EROOILY78n in
VCAM Assay Buffer + 1 mg/nL BSA), was tdgen added to each well, followed by
a 1 hr incubation at room tenperature and concluded by three washes

(2001 /well') with VCAM Assay Buffer. 15 Col or devel opment was initiated by

addi tion of 1O0-BhndSvRlrk8isifivediR! M and le813-2d'; Q@W%% nd
term nated bﬁ aﬁdi tion ro?I 10_0edV$ llb&g‘ic?]%t op aé}ﬁ‘ '?’g}rmﬂ%ireaq\ﬁeqlﬁ a?fles wer e
t hen read i nBaffensupplemeptadiwigp hmgimiiBSA Gee., 6inal IMSORe S04t A sevies of Iodl cul at ed
as % i nhi bi t homiss b L i +¥g€%\/5 ' e ce of
t est corrpoungg : %e ér?eg{alft S artgqﬁélgsﬁceodj\%ﬁrﬁ%f 0 oigva'?l%]j I%Igbllésaél3 = 20
|Co < 1 nM BreagiQest conpoung: 10pkpaniveliof emshadiiitonsrasaidded torthy/FAMM4 A- 4
ELI SA Assay - 12094
PCTI EP ng%‘%@?&x@?}%ﬂ%‘@é‘%@ﬁ%{@?ﬁi@@ SRR e
Assay Pr ot océiquentialymhixed on 8 phfonin skakerdonb minvincthatesd fo/ Tt 3E andir e of
5- and 7-1g | ' t‘BHE' | HQ@]%BI&E | p}g“frf r ' .
I mmunoaf fi ni ?{/&H?td%%%‘%%r ap b‘&%l?go mai nt ai ned‘{'slSa a sol E?%A%éﬁ#gf’ﬁ? ng 0.1
M Tri s- gl yci heméq bhtégii B1 SntibddyNadsladded toddciEEi\(0.4 p@M:PP‘BFCA@/I {&2&%}1? 02%
NaN3 and 10 mL | eupept.i.n. | cei n- AM was pur.chased from Mol ecul ar
Probes Inc. Bgéﬁ%ﬂf ﬁ&ﬁ?&#%@%@@&‘f&im Reekate R")" 1344@536 G- St the foRglysjon
define as abfthidiicilation peabe, AipliteSRblewashed four times with VCAM Assay

Buffer (200 pl/well). A corresponding second antibody, HRP-conjugated goat anti-

mouse IgG (100 pl per well @ 1:800 dilution in VCAM Assay Buffer + 1 mg/mL

BSA), was then added to each well, followed by a 1 hr incubation at room

temperature and concluded by three washes (200pl/well) with VCAM Assay Buffer.

15 Color development was initiated by addition of 100 ul K-Blue per well (15 min

incubation, room temp) and terminated by addition of 100 pl Red Stop Buffer per

well. All plates were then read in a UV/Vis spectrophotometer at 650 nM. Results

were calculated as % inhibition of total binding (ie., VLA-4 + VCAM-1 in the

absence of test compound). The results are provided in the following Table I (A =

20 ICs < 1 nM, B =1Cs <10 nM):

Compound of Example Activity in VCAM/VLA-4 ELISA Assay
8
10
15
17
24
28

> 2 W oW | b

Table I



surface VLA-4 for binding to i mobilized VCAM 1, was quantitated using a
Ranos- VCAM 1 cel | adhesi on assay. Ranps cells bearing cell -s‘ﬁrj'f‘%f’c%o%A-4,
were |abeled with a fluorescent dye (Calcein-AM and all owed to bind
VCAM 1 i rwOlee4235 presence or absence of test conmpounds. APCHEEBEVIISTY i n
fluorescence intensity associated wth gdherent cells (% inhibition)

refl ected conpetitive inhibition of VLA"4 nediated cell adhesion by the
test conmpound. Initially, this entailed coating 96 well plates (Nunc

Maxi sorp) w '([jﬁah%?é)gbi nant 20 human VCAM 1(100 ng in 100 pd PBS), sealing
eachplate and alFow ng the plates to stand at 4C for 018 hr. The

VCAM coat ed Ramas(Vldr4€) SUGsEG 1L Eell{Basedssedingt AdseyePratddol 0. 05% Tween-20 in
PBS, and thegﬁ%g%:ed for 1hr (roomtenperature) wth 200 pl of Bl ocking .
Buffer (1% B .02% thi merosal ) to reduce non-specific binding. Follow ng
t he i ncubation with Bl ocking Buffer, plates were inverted, 25 blotted and

the renainin fifer aspirated, lat.e, was:t hen washed .W th 300 pi

pes, | er t oq oMk (raBPlisaPhiifan FEAMA BisniEoe 00 TR

di ssol ved i n pibiiid BidaOCHQI cdlhmiltuck inedie By impmnioaffiviiiichrdtedtbgrapiesndn Assay
Buffer (4 nmM 2 v 2 1n.50 Rl $;.HC1, 0,7. inhal DVBO =
259 A sor | eendpabredin Tolan cordinie GIN TR actRa R oS NdC £ 1 g
(general conasit ERTAohmM RPYESE 0.02%1M2% NaNsCadriug/thlleypkptir] Caloéineach

di l ution was ded to.th VCAM@;%%% IatIes, foll owed by 100 pl of Ranops
cells (200, vas|pugghagsd from D@l ates contai ning test conpounds
and Ramps cealfkghodere allowed to incubate for 45 mn at roomtenperature,

after which 165 35 pl/well PBS was added. Plates were inverted to renove
non- adher ent \BeA-#d04p] brtegsin) antrgomistotvitideingdep2bBitgn eoyaEPEth tdh79 and

300 pl/wellP _JR at.es. e hi hied (W nd_the remaining
buf fer gentl 3§5@%%eﬁ%§wﬁﬁﬁgg%4 gﬁ&%%@%&“ﬁ%@“ﬂ%?ﬂ S-HCl, pH
8.5) was addkmas-EGAM-letll adhesiongisapt Ranbdocell@ bedringaall surfate A -drarkieng
platform T Eﬁ [ her. r foryhl uor | e Lays a

Cyt of | uor 233%"2? ﬁi%\grgg%s%"ﬁl eo@%glﬁce aggﬁgé‘rsr%&nt%%s!?‘gt&melx%‘i Stion 485
nm eni$si on prese8€e omabencd bftestraemponsdarf raluotion imiudrescendd intensity t abl e The
results are provhdef il adilifed 2l DTRRY Sebberd fioineRive SrtSRoRYE B = 1 C50
VLA-4 mediated cell adhesion by the test compound.

Initially, this entailed coating 96 well plates (Nunc Maxisorp) with recombinant

20 human VCAM-1 (100 ng in 100 4 PBS), sealing each plate and allowing the plates
to stand at 4°C for [118 hr. The VCAM-coated plates were subsequently washed
twice with 0.05% Tween-20 in PBS, and then blocked for 1hr (room temperature)
with 200 pd of Blocking Buffer (1% BSA/0.02% thimerosal) to reduce non-specific
binding. Following the incubation with Blocking Buffer, plates were inverted,

25 blotted and the remaining buffer aspirated. Each plate was then washed with 300 pl
PBS, inverted and the remaining PBS aspirated.

Test compounds were dissolved in 100% DMSOQ and then diluted 1:25 in VCAM
Cell Adhesion Assay Buffer (4 mM CaClp, 4 mM MgClz in 50 mM TRIS-HCI, pH

30 7.5) (final DMSO = 4%). A series of eight 1:4 dilutions were performed for each
compound (general concentration range of 1 nM - 12,500 nM). 100 pl/well of each
dilution was added to the VCAM-coated plates, followed by 100 1l of Ramos cells
(200,000 cells/well in 19 BSA/PBS). Plates containing test compounds and Ramos
cells were allowed to incubate for 45 min at room temperature, after which 165

35 pl/well PBS was added. Plates were inverted to remove non-adherent cells, blotted




<10000 nM C = 1CS <5,000 nM: 10 Table Il Exanple C Al pha4-Beta? Assay

. Protocol Two weeks to one day prior to the assay, Nunc hi gh-ﬂiJHEﬁ*ﬁ%O‘}:%
Maxi sorp P 15 immuno pl ates, #442404 or #439454, were coated with 25ng/ wel |
(0. 25p. g/ WO)UIHRHECAM i n a vol une of 100l/well.. The pl at ePCIERS0ATIRI ed
with sealer and wapped in saran wap f@llowed by incubation in the
refrigerator for at |least 24 hours. The coating buffer enployed was: 10nM
car bonat e/ bi carbonate buffer made up from 0.8 glL sodi um carbonate and

L T AT 8 SR A L
VCAM VLA- 4 Rbufer geatly aspirssed. G180 wgyism%mzmmaa SARMIRISBICIFE 358 36A
37B 4 June 2Q04 MO,8dd b2l Hat é‘xdl&nggﬁ/ 552 %ﬁ%%?agrotary shaking platform:.

The plates were then read for fluorescence intensity on a Cytofluor 2300 (Millipore)

5 fluorecence measurement system (excitation = 485 nm, emission = 530 nm). The

results are shown in the following table:

The results are provided in the following Table II (A = ICs, < 100 nM, B =1Cs

<10000 nM, C = ICsp <5,000 nM):

Compound of Example Activity in VCAM/VLA-4 Ramos Cell Assay
8

10

15

24

28

30

31

32

33

34

35

36

37

10 Table I

B | W W | W W W O WO R

Example C
Alpha4-Beta7 Assay Protocol

Two weeks to one day prior to the assay, Nunc high-binding F96 Maxisorp
15 immuno plates, #442404 or #439454, were coated with 25ng/well (0.25ug/ml)

‘MadCAM in a volume of 100ul/well.. The plates were covered with sealer and
wrapped in saran wrap followed by incubation in the refrigerator for at least 24
hours. The coating buffer employed was: 10mM carbonate/bicarbonate buffer
made up from: 0.8 g/L sodium carbonate and 1.55 g/L sodium bicarbonate adjusted

20 to pH 9.6 with 1 N HCL.
Assay buffers consisted of the following:



Wash Buffer: 0.05% Tween 20 in PBS Blocking Buffer: 1% Nonfat Dry M1k in
PBS Labeling Buffer: PBS Cell Buffer: RPM 1640 nedi um (no &dHpe PO@%)

Bi nding Buffer. 1.5mM CaCl2 0.5nM MhCl 2 50nM TRI S- HCl ; add NaOH dropwi se to
pH 7.5 ®&oom2es vol unme in H2O Adjust to pH 7.5 Dil uti on BUE/ERI0/1188% DVSO i n
Bi nding Buffer Plates were washed 2X w wash buffer and then bl ocked at
roomtenperature for at least 1 hour wih Bl ocking Buffer. Seal ed pl ates
were sonetines blocked overnight in the refrigerator. Plates were then

‘washed with PBS a d..bl I Vo :Repi Ning liquid was aspirated from

the wells. 15 Suf cel'l's™were renoved from stock for assay
(2 X 106 cell s/ nl BlockihgBifferat e 1% Nohfat Dof Milkdo @85 and pl aced in a
centrifuge tube. The .tubgs.were klled to volune with PBS and were spun at
200 x G for 8 m n&agéng?ﬁ‘éﬁ?fuffe}?h\%as poured off and the cells were
resuspended to 10 Cellfdfern| RPMIPBS0 aredivem $hoadditives) ut i on of cal cein in DVBO
(5my/ M.) was added,.at. 53] /4l of | | ensi on. The 20 suspension was

i ncubat’ed for 30 %’ﬂgwgidugter?ﬂ C(i‘l%ﬁﬂéwz The cells were then washed with
PBS. The PBS was poured of f and OSenMa¥h€l;r esuspended in cell buffer at a

concentration of 2 x 106 cells/ f Pelo ﬂ“?ks sol ution
of test conpounds at 25 x first nép?‘g)i?.ghﬁged% ?e%ﬁag%ﬁg%&)%é@mr'e

prepar ed. First dilutions for th@rmpandalucheindi@el| as test conpounds, were
1:25 into 25 straight Binding B ffe{*‘}%ﬁﬂzﬁ? the remaining serial dilutions
were into Dilution Buffer (Bindi Yo DMBO) . Stock concentrations

and difguti ons of DPiapenBdffef:or 4er BMIOn Biadmgdbitffer mi ned by anti ci pat ed
activity. Fog the assay, 0.Bi ndy Buf f l.ated into firsterow of
Sel s and 10DRteDMer waRed ot Bitatzeh B g Then ek Foom dfpditald 0k

al i quot of eadéascDhEp@twith BiockimsBuyffepcSebled plantsovap pometimed ockedbel ed wel | s,
in triplicate. The coppouynds r ext dilute Q at 401 + 100l
=> 4-fol d di?‘ffﬁ“&ﬁ ‘.""E%Fé%g?ﬂv'\%t@?eﬁfﬁﬁ e%?“asq’ﬁ |%%$§B4%‘?bi&i 00 Cel |
Buf fer were @lyaReehainihglijhil wanspeaied fonbhekgllound wel I's (no cells, no
compound) ang, &2k dbe! 5688 B ed! refucVebrofifltbek 7 E&aPIF% 36 cellsimi x

10mi/plate x number of plates) and placed in a centrifuge tube. The tubes were

filled to volume with PBS and were spun at 200 x G for 8 minutes. The buffer was
poured off and the cells were resuspended to 10X 10%ml in PBS and a stock
solution of calcein in DMSO (5mg/mL) was added at 5pl/ml of cell suspension. The
20 suspension was incubated for 30 minutes at 37° C in dark. The cells were then
washed with PBS. The PBS was poured off and the cells resuspended in cell buffer at
a concentration of 2 x 10° cells/mL for plating in the assay.
Stock solution of test compounds at 25 x first dilution desired in 100% DMSO were
prepared. First dilutions for the standard, as well as test compounds, were 1:25 into
25 straight Binding Buffer, while the remaining serial dilutions were into Ditution
Buffer (Binding Buffer/4% DMSO). Stock concentrations and dilutions of
compounds for screening were determined by anticipated activity.

For the assay, 1291 Binding Buffer was plated into first row of wells and 100!
Dilution Buffer was plated into remaining wells. A 5.4p.lﬂa1iquot of each compound
30 was pipetted into appropriate, labeled wells, in triplicate. The compounds were next
diluted down the plate (34pl + 100ul => 4-fold dilution). For controls, 100 of
Dilution Buffer + 100l Cell Buffer were plated into the nonspecific background

wells (no cells, no compound) and 100ul Dilution Buffer + 100l cells were plated
into the total binding wells (no compound = 100% binding). Labeled cells at 2 X10°




into the total binding wells (no conpound = 100% bi ndi ng). Label ed cells at
2 X106 4 June 2004 WD 01/42215 PCT/ EP00/ 11979 84 cells/m , 183uneePP4 (= 2 X
105 cells/well) were added to each well containing conpound. The plates
were seal W@ @#4@28ncubated in the dark for 45 minutes at PCOYEPD@NI¥G at ure.
Fol | owi ng i ncubation, unbound cells \A/eres4rerroved by adding 1500 PBS/ wel .
The plates were inverted, blotted onto paper towels and washed by 5 gently
addi ng 200l PBS to wells and blotting again. Renaining buffer was

full ] S Lnal 1000 PB dded h
ool e ot BB b (7 2 1P Bl s added q each el cgmiSIRing Oyt of | uor
2300 (M |1 pes@pouhd \KHeqlResRerdbaldd’ SAERHcuBMS] BYTthé X% A4S AimmedRS "M

em ssion = 530 nn). |C50s @EIE gach conpound were determ ned by |1 near ,
regressi on afXTiraperpiae, allgming ncubatpn, d gellsyeerg remayed hjjaddibee: The

P . : . _ ity
VadCaM Rovt T AL asT PRI e ien . yfindd dpgo pipHRRUL ety T
= 1 G50 5<5, OOQedIMacﬂQ%ﬁbﬁl?gﬁt%ﬂs%ﬂBb%éﬁ,ﬁirﬁﬁﬂﬁﬁhgbhﬁhﬁas]Une 2004 WO
01/ 42215 PCT/ EPOQ 11979 85 Cains 1_ A conpound of the fornmula: 112

carefully aspirated from the wells. A final 100u! PBS was added to each well.
The plates were then read for fluorescence intensity on a Cytoftuor 2300 (Millipore)
fluorecence measurement system (excitation = 485 nm, emission = 530 nm). ICsps

of each compound were determined by linear regression analysis. The results are
10 shown in the following table:
The results are provided in the following Table III :

Compound | Activity in MadCAM/RPMI Cell Assay
of Example | (A =1Csp < 100 M, B = ICsy <10000 nM, C = ICsq <5,000 nM)
30 B

31
32
33
34
35
36
37
Table IIT

w w A w > w w




N NOHN "COR5 2z s R Owerein RLis a group of the forrrula Y-
wherein R22 and R23 are independently hydrogen, |ower alkyl, IHU\%?O% koxy
10 cydoal kyl, aryl, arylalkyl, nitro, cyano, |ower aIkyIthio | ower

al kyl sul fWMl[-tzilswer al kyl sul fonyl, |ower al kanoyl, hal ®gavEPOGE1979
perfl uorol ower al kyl and at |east one ofgs R22 and R23 is other than
hydr ogen, and R24 is hydrogen, |ower alKkyl, |ower alkoxy, aryl, nitro,

cyano, |ower al kyl sulfonyl, or halogen; or 15 Rl is a group of the fornula
Y-2, which is a five or six nenbered hgjgnoaromatic ring bonded via a
carbon atomto the am de carbonyl wherern said ring contains one, two or
three heteroatons selected fromthe group consisting of N, O and S and one
or two atons 1of Si&nﬁ%&&d%f%é@?&ﬁ%nden“y substituted by.lower alkyl,
cycl oal kyl , hal ogén ano, per o lower alkyl, or aryl and at Ieast one
of said 20 substiButed atons is adjacent to the carbon atom bonded to the
am de carbonyi ON._f® s a. group of the formula Y-3 which is a 3-7
menbered ring off thg fqFmula: R25 Q "~ Y-3 wherein R25 is |ower alkyl,
unsubstitutedgo bekfwe substituted | ower alkenyl, or a 25 group of
fornul a R28- (CH2) & |s aryl, heteroaryl, azi do, cyano, hydroxy, 4 June
2004 WO 01/42215 M SOON.1979 86 | ower al koxy | ower al koxycar bonyl ,

| ower al kanoyl, |ower al kykthio, |ower alkyl sulfonyl, |ower: alkyl

sul finyl, perfluoro | owBN al%Reyl, nitro, or R6 is a group of formula
-NR28R29, wherein R28 ;/‘l%l?jdrogen or lower alkyl, R29 is hydrogen, |ower

al kyl, %ower al koxyca ony | ower al kanoyl, aroyl, perfluoro |ower

al kanoyl am nc.a\,heﬁeull RY‘ﬁra g bfﬁwfgm}ﬁ'y_i ower al kyl am nocar bonyl ,

aryl am nocar bonyl ; taken together with the attached
nitrogen atom rma 4, 50r 6-

Re BB oy

wherein R22 and R»3 are independently hydrogen, lower alkyl, lower alkoxy,

10 cycloalkyl, aryl, arylalkyl, nitro, cyano, lower alkylthio, lower alkylsulfinyl, lower
alkyl sulfonyl, lower alkanoyl, halogen, or perfluorolower alkyl and at least one of
R27 and R73 is other than hydrogen, and R24 is hydrogen, lower alkyl, lower
alkoxy, aryl, nitro, cyano, lower alkyl sulfonyl, or halogen; or

15 - Ry is 2 group of the formula Y-2, which is a five or six membered heteroaromatic
ring bonded via a carbon atom to the amide carbonyl wherein said ring contains
one, two or three heteroatoms selected from the group consisting of N, O and Sand
one or two atoms of said ring are independently substituted by lower alkyl,
cycloalkyl, halogen, cyano, perfluoro lower alkyl, or aryl and at least one of said

20 substituted atoms is adjacent to the carbon atom bonded to the amide carbonyl; or
R, is a group of the formula Y-3 which is a 3-7 membered ring of the formula:

R25 |
Q——

Y-3
wherein Ry5 is lower alkyl, unsubstituted or fluorine substituted lower alkenyl, or a

25 group of formula Rog~=(CH2)e— | Rog is aryl, heteroaryl, azido, cyano, hydroxy,




menbered saturated heterocyclic ring optionally containing one addi ti onal
heteroatorn selected fromO, S, and N-Rio. Qis -(CH)f O, J%‘

-(CH2)f N(R27)- (CH2)f, 10 R27 is H, lower alkyl, aryl, | over al kanoyl
aroyl or W&®MHA24Bkoxycarbonyl, Roo is H, lower alkyl, aryPCI/ERai1939 kanoyl,
aroyl or lower al koxycarbonyl, the carbgg atons in the ring are
unsubstituted or substituted by |ower alkyl or halogen, e is an integer
fromO to 4, and f is an integer fromO to 3; R2 is hydrogen, |ower alkyl,

substituted jogen,
hal ogén, Iomé@léglw&ék%ﬂ%’rf?ﬂ%% Sér%lg?ﬁﬁ%% gﬁmg%ng?i é{fl S h rogen aI ogen,

| ower al kyl , s@fonyhjewerrdil sul ﬁpﬂrwﬂmmﬂ@m b mttcme 2645 X HOPP of
trifluoromet ?d{-hm}é)fNﬁJsz%d?@hh %@gg@mgg%%wgﬁ@ RyPWEdrogen, 5 h ¢

al kyl car bonyl oxy | ower a
(CH2) -N 20 Hkﬂ?,l@v@rﬁllmadmnyl 1@@& aﬂ@nb}ddmgleperﬂnotaimer aikdqoylanﬁﬂ&, is

P%?reggfsnf romo0 & gil%y‘l’ulfongﬂdw%gamerm borﬁ%%ﬂtarc}ﬂmlﬁl%\éef%gog Tof hhI anng is 1
to 3; or 25 Rggand Ragrtekqn tofetharwith thelattAchdal nidgen 6o 44, 6GE}y g N p,
(@) - or et it GonpPaly peeiipe ”e%@%w%r ogen. | over
al kyi, | ower hetéfdatdrsasletkd ﬁbﬁy@[s ahaqngm@r bonyI J | s 0, 1 or 2; and 4 June
o G i e, L 0
conpouyd accr di Agidvrrahigl, By, 1&4&@{&&0@?3}@ MO oy RALBEAN. | over

R, is H, lower alkyl, aryl, lower alkanoyl, aroyl or lower alkoxycarbonyl, the carbon

atomns in the ring are unsubstituted or substituted by lower alkyl or halogen,

e is an integer from 0 to 4, and fis an integer from O to 3; |

R: is hydrogen, lower alkyl, substituted lower alkyl, aryl, or aryl lower alkyl;

15 Rs is hydrogen, halogen, lower alkyl, trifluoromethyl, or aryl;

R, is hydrogen, halogen, lower alkyl, or aryl;

Rs is hydrogen, lower alkyl, lower alkoxy, or trifluoromethyl, or OH;

Rs is hydrogen, lower alkyl, lower alkylcarbonyloxy lower alkyl,

or Rsis a group of formula P-3:
Rap

| Az
_(CHZ)h_g_(CHZ)g‘I\L
20 Ra  p3

wherein: _
R, is hydrogen or lower alkyl; Rs; is hydrogen, lower alkyl, aryl; Ras is
hydrogen or lower alkyl; h is an integer from O to 2; gis an integer from 0 to
2; the sum ofhand gis 1 to 3; or
25
R is a group of formula P-4:
ez 7\
—CHo) h_ﬁ_ (CHz)g‘U' -
wherein: Rz, g, and h are as previously defined; Q' is O, S, -(CHz)j-, ora
group of the formula N-R35; wherein Rss is hydrogen, lower alkyl, lower

30 alkanoyl, lower alkoxycarbonyl; j is 0, 1 or 2; and




5 alkyl or aryl. 3. A conpound of claim1l1l or 2 wherein Rl is Y-3 wherein Q
is -(CH2)f 0-, -(CH2)f S, or, -(CH2) fr. 10 4. A conpound 4tlupe 2004 3
wherein R5 is hydrogen, |ower alkyl, or trifluoronethyl. 5. A compound of
claim1l avool/aa2s3 2 wherein R 'is a group Y-1 wherein R22 panapbizfonr e

I ndependent |y hydrogen, |ower alkyl or gﬁl ogen and R24 is hydrogen, 15

| ower al kyl or |ower al koxy. 6. A conpothd of claim5 wherein R22 and R23
are independently hydrogen, |ower alkyl or halogen, R24 is hydrogen or

| ower al koxygan LS | Lowen, al kyl,. 20 .7. A _conmpound of elaim1l or
claim 2 whersl Iﬁ%ﬁ&’ﬁgn’égg#%dﬁwﬁ?mﬁ%’ TIPwal W?%ﬁ?ﬁﬁeﬁ group of

f ormul a R26- {dceftplele salishtheresfn R26 is | ower al koxy, Qis -(CH2) f-, e is an
integer fromO to 4 and f is an integer fromO to 3. 8 A conpound of claim
1 or claim2 wherein RL is a group of the fornmula Y-3 25 and R2 is
hydrogen, | odher ahkpmposndbaidotdihgch tlminel whktert Rois hadsdgeh dvabsgenl lowler 9. A
conmpound of @Lﬁi m81vxlnerei n RLis a group of the formula Y-3 wherein R25
is a group o §F fti-a R26-(CH) e , wherein R26 is |ower al koxy, Qis -
(CH2) f-, eis aninteger fromO to 4, f is an integer fromO to 3; and R2
Is aryl |owe 30,al kyl. 10, ;A C und of ,,cl a or_¢l.ai rein R2
i's hydrogen,‘;"l om?cgﬁﬁp%?fﬂ?’% nggx‘é'?’aiﬁ‘l}&} ’:S%%]w%‘gretlﬂlér’ﬁ{g@?ﬁ%me 2004
WO 01/ 42215 REHEFSO 6L 1018)88 RR is hydrogen or hal ogen; R5 is hydrogen,

| ower al kyl, or trifluoronmethyl, or |ower alkoxy, R6 is hydrogen or |ower
al kyl; and R7 is hydrogen, chloro, |ower alkoxy, or lower alkyl. 5 11. A
conpoyld of gl ai | ' -1. 12. A
conpo&?d of %’I ai m”hlf%m%@?ﬁ:ﬂdﬁh?grhgreggu%h%{o%ﬁvﬁé\%i n and R23 are

i ndependent | yriflwpderoetbyl, | ower al kyl or hal ogen and R24 is hydrogen, |ower

5. A compound of claim 1 or claim 2 wherein R, is a group Y-1 wherein R22
and Ry3 are independently hydrogen, lower alkyl or halogen and R24 is hydrogen,
15 lower alkyl or lower alkoxy.

6. A compound of claim 5 wherein R22 and R23 are independently hydrogen,
lower alkyl or halogen, R4 is hydrogen or lower alkoxy and R; is aryl lower alkyl.

20 7. Acompound of claim 1 or claim 2 wherein R, is 2 group of the formula Y-3
wherein R25 a group of formula R2e—(CH2e~ | wherein Ry is lower alkoxy,
Qis -(CH2)f, eis an integer from 0 to 4 and f is an integer from 0 to 3.

8. A compound of claim 1 or claim 2 wherein R, is a group of the formula Y-3
25 and R; is hydrogen, lower alkyl, substituted lower alkyl or aryl lower alkyl.

9. A compound of claim 8 wherein R, is a group of the formula Y-3 wherein
R25 is a group of formula Roe~(CH2 e~ | wherein Ryg is lower alkoxy, Qis -
(CH2)f-, eis an integer from 0 to 4, fis an integer from 0 to 3; and R; is aryl lower

30 alkyl.

10. A compound of claim 1 or claim 2 wherein

R, is hydrogen, lower alkyl or aryl lower alky};
R; is hydrogen;




10 al kyl or |ower alkoxy. 13. A conpound of claim 12 wherein 3 (g group
Y-1 wherein R24 is hydrogen and R2 is aryl |ower alkyl. 15 id””% @ ound
of claim 10 wherein R is Y-2. 15. A conpound of claim 10 wherein R is a
group of W0H432%%ul a Y-3. 16. A conpound of clai m 15 wher HGIERIOALEI7Q gr oup
of the formula Y-3 wherein 20 R25 is aggoup of formula R2g'-(CH2)e ,
wherein R26 is-lower alkoxy, Qis (CH2) fr, eis an integer fromO to 4
and f is an integer fromO to 3. 17. A conpound of claim 10 wherein R2 is

hydrogen, |o Isl@rlclkden%"rhﬁf kn; Ower alkyl; 25 R3 is hydrogen; R4 is
hal ogen; R3 ‘lﬁg y roégen R6dg|s hydrogen or |ower alkyl; and R7 is hydrogen,

chloro, |oweRsHl englowenalkyl, af irifluorarpethyly or lowee dlk@Bind of any one of
clains 1, 3 QE?‘ZS h%urqb-,@ram%lamgroup of formula Y-1 or a group of
formula Y-3; I's hydrq ower al kyl | ower alkyl; R3is

ar
hydr ogen, | oRels Byfrggen °It°|s1°f“l'eﬂ BoRla Weraﬂ“ﬁm i's hydrogen or hal ogen; 4
June 2G04 WO 01/42215 PCT/ EPOQO 11979 89 R5.is hydrogen, |ower alkyl, or
trifluoronmeth R5 is hydraogen, |ower alkyl, |ower alkylcarbonyl oxy | ower
al kyl, a gr o&i; of Arcormpaad b chin10avheran B gfagreumf‘éleiﬁomn afdl-R7 is
hydrogen or |ower alkyl. 5 19 A compound of claim 18 wherein R2 is |ower

al kyl or aryl lower alkyl; R _is hydrogen,_ |ower alkyl, |ower
al kyl car bonyldxy Acwerpaardaf claim 13 whessip Rois a group Y-1 wherein R22 and R3

are independently hydrogen, lower alkyl or halogen and Ro4 is hydrogen, lower
10 alkyl or lower alkoxy.

13. A compound of claim 12 wherein R) is a group Y-1 wherein Rp4 is hydrogen
and R; is aryl lower alkyl.

15 14. A compound of claim 10 wherein R; is Y-2.
15. A compound of claim 10 wherein R is a group of the formula Y-3.

16. A compound of claim 15 wherein R, is a group of the formula Y-3 wherein
20 R25 is a group of formula Ros—(CHae— | wherein Ro¢ islower alkoxy, Q is -
(CH2)f, e is an integer from 0 to 4 and {is an integer from 0 to 3.

17. A compound of claim 10 wherein
R; is hydrogen, lower alkyl or aryl lower alkyl;
25 R; is hydrogen;
Ry is halogen;
Rs is hydrogen;
R is hydrogen or lower alky}; and
Ry is hydrogen, chloro, lower alkoxy, or lower alkyl.
30 '
18. A compound of any one of claims 1, 3 or 4, wherein R, is a group of formula
Y-1 or a group of formula Y-3;
R; is hydrogen, lower alkyl or aryl lower alkyl;
R; is hydrogen, lower alkyl, or trifluoromethyl;
35 Ry is hydrogen or halogen;




formula P-3; and 10 R7 is hydrogen. 20. A conpound of claim ég V\:Bgééﬁl n R
is Y-1 wherein R22 and R23 are hydrogen, hal ogen or |ower afi®ype i s
hydrogen or |lower alkoxy or R is Y-3 wherein R25 is a group of fornula
R26- (CH2wo p1mtmesein R26 is | ower al koxy, Q 15 is -(CH2) PCT/EROGII9AN
integer fromO to 4 and f is an integer8§rom0 to 3. 21. A compound of
claim20 wherein R2 is lower alkyl, R4 I'S hydrogen, and R3 and R5 are
| ower al kyl or trifluoronethyl. 20 22. A conpound of claim21 wherein Rs is
~ hydrogen: 23.. onpound o | ai. 22 wharein R is Y-1. 24. A conpound of
cl ai m 23 whe %Pﬁ‘}'%# wgf@kyz,ro‘gq%g?%rggﬁﬁgﬁi | oner al kyl. 25 25. A conpound

of cl ai m 24 RbisdiydicgehtIpwéalit] dowa dikydinsonylgxydovarnaildy], agréup of formula
1,6-dimethylz4-(trifl uorLpmet -2-, 0Xx0-3-pyridinyl] -L-phenylalanine;, N [
(2-et hyl - 6- B |ﬁo$f8ﬁ?/l°fﬁ°é%‘% ja0d, 1 6l di et hyl - 4- 30
(trifl uor oneRhislhydPogen or Bweyelkgh nyl ] - L- phenyl al anine; N [ (2-
(1-net Qyl et hyl ) - 6- met hyl phenyl ) carbonyl] -4- [ 1, 6-dinethyl-4-
~(trifldoromethyl) -2-oxo-3-pyridinyl] -L-phenylalanine;, N [
(2-chl or o- 6- pt hy Apdeaipduhd Ghdbino by wheretr [ 1, 6- di net hyl - 4-
(trifluoroneghyl,)-2- - 3-pyyidinyls -L-phenylal anine; 4 June 2004 WO
01/ 42215 PCT#Eé&Y‘fl%gor lﬂ-wef%t 6- di chl or ophenyl ) car bonyi ]
- 4- (1, 4- di neRpislhyfrdgen] oivercalopipowgd JlicReartoomyl By pywerdilyl oy a lgxquiyesfy | al ani ne;
or N [(2- chkor 05 6: rgv_st ha/l phenyl ) carbonyl] -4-(1, 4-di et hyi-6-
(trifluor ometTPYE B384 3 by ri dinyl ) - L- phenyl al anine. 5 26. A conpound of
cl ai mi@2 wheRgisthyRlodes. Y-3. 27. A conpound of -claim 26 which is N[ [
1- (2- met hoxyet hyl' ) cycl opentyl]- carbonyl] -4-]
|, 6-di methyl -4-(trifluoromethyl)-2-oxo-3-pyridinyl]-L 10 phenyl al ani ne.

20. A compound of claim 19 wherein R! is Y-1 wherein Ry; and Ry3 are

" hydrogen, halogen or lower alkyl, Ry, is hydrogen or lower alkoxy or R'isY-3
wherein Rp5isa group of formula R26~(CH2le~ | wherein Ryg is lower alkoxy, Q
15 is -(CH2)f-, e is an integer from O to 4 and fis an integer from 0 to 3.

21. A compound of claim 20 wherein R; is lower alkyl, R4 is hydrogen, and R;
and R; are lower alkyl or trifluoromethyl.

20 22. A compound of claim 21 wherein R; is hydrogen.-
23. A compound of claim 22 wherein R; is ¥-1.

24. A compound of claim 23 wherein Ry; and Rys are halogen or lower alkyl.
25
25. A compound of claim 24 which is
N-[{(2,6-dichlorophenyl)carbonyl]-4-{1,6-dimethyl-4-(trifluoromethyl)-2-
oxo-3-pyridinyl}-L-phenylalanine;
N-[(2-ethyl-6-methylphenyl)carbonyl]-4-[1,6-dimethyl-4-
30 (trifluoromethyl)-2-0x0-3-pyridinyl]) -L-phenylalanine;
N-{{2-(1-methylethyl)-6-methylphenyl)carbonyl}-4-[1,6-dimethyl-4-
(trifiuoromethyl)-2-oxo-3-pyridinyl}-L-phenylalanine;
N-{(2-chloro-6-methylphenyl)carbonyl}-4-[1,6-dimethyl-4-
(triﬂuommethyl)-2—ox0-3—pyridinyl]-L—phenylalaﬁine;



28. A conpound of claim 21 wherein R6 is |ower alkyl 29. A cgr:rl‘Bouagogf
claim28 which is 15 N-[ (2, 6-di chl orophenyl)carbonyl]-4- [ ne
1,6-dimethyl-4-(trifluoronmethyl)-2- oxo-3-pyridinyl] -L-phenylal ani ne et hyl
ester; N-WQO/B2Hi chl or ophenyl ) carbonyl] -4- [ 1, 4-di net hyRGTgEP00/11979
(trifluoromethyl) -2- oxo-3-pyridinyl] gh-phenylalanine ethyl ester; N [
(2- cbl or o- 6- net hyl phenyl ) carbonyl] -4- [ 1,6-dinethyl-4- 20
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylal anine ethyl ester; or N[
(2-chl.or o- 6- net hyl g.u}cgmrgﬂg% z - i_r@&{azﬁ & (1 TN
(trifluoronethyl) - 21152)3 g yri di n@ﬁ?%%hé-r@#a ani r%%egnﬁ;f}rmreos?tmet}lw 30. A
conpound of 8?%13@5?‘111‘“21@ Bhanganige] swer al kyl car bonyl oxy | ower al kyl. 25
31. A conpound of 1ql{el-BRlSE-8\nkethivii A0l (R 40 ﬁyaﬁﬁy J)carbonyl] -4-
[1,6-dinethyl-4-(tr i[ Li?l‘ onet hﬁg#@ea@%@g@lﬂ%ﬁgiﬁ% - L- prenyI al ani ne

1- (acet oxy) efHifuoppethy 'RF‘{XO.(3ZPEU@PE1I%110PWYE¥QNH)%M bonyl ] - 4-

[ 1, 4-disvet hyl -6-(trifluoronmethyl)-2- 30 oxo-3-pyridinyl]-L-phenylal ani ne

1- (acet oxy)ethyl ester; N kéZ_— chl or o- 6- net hyl phenyl ) car bonyl ] - 4-[

1, 6- di met hyl 28~ ( t A MRuBd ohdeiny P23 whersinoR3s Byd-i di nyl | - L- phenyl al ani ne

1- (acetoxy)ethyl ester; or N [ (2-chloro-6-nethylphenyi) carb onyl] -4- [
1,4-dinmethyl-_6- (trifl uoromet.hylé% - 2-0x0-3-pyridinyl]-L-phenylal ani ne

1- (acet oxy) ehyl grpound oficlaign26 whigh isAd-[d 1A 22etboyerhybepdopasdd 91 32. A

conmpound of edBbANRI-MREJiR _( 0f_~f QN Pa3wherein R32 is
hydr ogen; R33 an %\?)P?Edelﬁilegl\xgrg (m‘%r;gﬁ%lri\gl)gé O%Qév’%h%ﬁgl? and the other is
0. 33.10a conpbepylamng| aj m 32 which is 5
N-[ (2, 6-di chl orophenyl ) carbonyl]-4-[1; 6-di nethyl-4-(trifluoromnethyl)-2-
oxo- 3-pyridinyl]-L-phenyl al ani ne 2-[ (N, N-di et hyl )am no] ethyl ester; N [
(2, 6-dichl or%%hemﬂcoar@a%ﬁ@qh}lmzlw er¢inRads lomtehglkyl. 6- (tri f | uoronet hyl ) - 2-
oxo0- 3- pyri di nyl ] -L-phenyl al ani ne 2-1(N, N-di et hyl )am no] et hyl ester; N
[ (2-chl or o- 6- net hxl phenyl&carbonyl ] -4- [ 1,6-dimethyl-4-(trifluoro

29. compound of claim 28 which is

15 N-[(2,6-dichlorophenyl)carbonyl]-4- | 1,6-dimethyl-4-(triffluoromethyl)-2-
- 0x0-3-pyridinyl]-L-phenylalanine ethyl ester; _ l
N-{(2,6-dichlorophenyl)carbonyl}-4-{1,4-dimethyl-6-(trifluoromethyl)-2-
oxo-3-pyridinyl]-L-phenylalanine ethyl ester;
N-[(2-chloro-6-methylphenyl)carbonyl}-4-[1,6-dimethyl-4-
20 (triflnoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine ethyl ester; or
N-[(2-chloro-6-methylphenyl)carbonyl}-4-[1,4-dimethyl-6-
(trifluoromethyl)-2-oxo-3-pyridinyl]-L-phenylalanine ethyl ester.

30. A compound of claim 21 wherein Rg is lower alkylcarbonyloxy lower alkyl.
25
31. A compound of claim 30 which is
N-[(2,6-dichlorophenyl)carbonyl]-4-[1,6-dimethyl-4-(trifluoromethyl)-2-
oxo-3-pyridinyl}-L-phenylalanine 1-(acetoxy)ethyl ester;
N-[(2,6-dichlorophenyl)carbonyl]-4-[1,4-dimethyl-6-(trifluoromethyl)-2-
30 oxo-3-pyridinyl]-L-phenylalanine 1-(acetoxy)ethyl ester;
N-[(2-chloro-6-methylphenyl)carbonyl]-4-[ 1,6-dimethyl-4-(trifluoro-
_ methyl)-2-o0x0-3-pyridinyl]-L-phenylalanine 1-(acetoxy)ethyl ester; or
N-[(2-chloro-6-methylphenyi)carbonyl]-4-{ 1,4-dimethy}-6-
(trifluoromethyl)-2-o0xo-3-pyridinyl]-L-phenylalanine 1-(acetoxy)ethyl ester.
35



10 met hyl)-2-o0xo0-3-pyridinyl]-L-phenyl al anine 2-[(N, N-di et hyI) a%ft hyl
ester, or N-[(2-chloro-6-nethyl phen)l)carbonyl] -4-] 4)Jiine

1, 4- dlnethyl 6-(trifluoro- nethyl)-2-oxo-3-pyridinyl]-L-phenyl al ani ne

2-[ (N, N- dwetdisskdisam no] ethyl ester. 34. A conpound of cl BCEEPOV/I2Y ei N R6
I's hydrogen. 15 35. A conpound of cl ai 19’4 wherein R2 is lower alkyl; R3 is
hydrogen; R4 is hydrogen or hal ogen; and R5 i s hydrogen or | ower al kyI

36. A corrpound of claim 35 vvherel n RLis Y-1. 20 37 A conpound of claim 36

wherein R22 are I [ en. 38. A
conpound of 5?’3"7 W?d 5KI— %fmh%‘ Vi p gn%l‘J)mé%r oftyl ]
-4-(5-chlor oishyd:niglayj Rﬁandhyaa-e Joyver allcylybﬁedfgpﬂmddyisalaaﬂiﬂlepth‘dr is[0.

(2-chl oro- 6- net hyl phenyl) carb onyl] -4-(1-nmethyl-2-o0xo0-3-pyridinyl)-

L- phenyl al ani ne; or N-1(2-chl oro-6-nethyl phenyl)carbonyl] -4-

(1, 4- 41 i met h§3.- 2- Acontpousd opglairtB2whjchlis phenyl ai ani ne. 39. A conpound of

| ai 6 wh ' | R24. | 2004
W0 01142215 PeTI ENCRPPIAogr S R RN P R A £ RO -2
(2, 6-di chl or oxd@é-rmdr@)dmeﬂ]bb-tp}abx}yldanme 2—[(N N-diethyl)amino]ethyl ester;

|, 4-di net hyl d I ' 1 I
56 wher of n ko2 ankl 104 SIS BRI LOR R ¢ (ARTRRIR 1 C
42. A corrpouax‘b Bipwidmyth]l-lg-bhmyldhuns 2NN, N-diethrpdamibo ety estgpphenyl ) car bonyl ]
-4- (1-methyl '
N[ ((2 bromy b ot ﬁo@pﬁk@%ﬂ ’é’ﬁﬁ‘é’iﬁ’f&?f‘ﬁ?%q%l ?’g‘%m%d‘%ﬁﬁfp A-Urifluoros
pyri ditgyl ) - Lmetisdlyp-akessi-peididd]-LApleaphhning Zoﬁ(NdHadlethﬁBmMmjethyl ﬁerlos Y- 3.

N-[(2-chloro-6-methylphenyl)carbonyl]-4- 1,4-dimethyl-6-(trifluoro-
methyl)-2-o0x0-3-pyridinyl}-L-phenylalanine 2-[(N,N-diethyl)amino]ethyl ester.

<

34, A compound of claim 20 wherein Rs is hydrogen.

15
35. A compound of claim 34 wherein R is lower alkyl; R is hydrogen; Ry is
hydrogen or halogen; and Rs is hydrogen or lower alkyl.
36. A compound of claim 35 wherein R, is Y-1.

20

37. A compound of claim 36 wherein Ry, and Ry are lower alkyl or halogen,
and Ry is hydrogen. ‘

38. A compound of claim 37 which is
25 N-[(2-chloro-6-methylphenyl)carbonyl] ~4—(5—chloro- 1-methyl-2-oxo-3-
pyridinyl)-L-phenylalanine;
N-[(2-chloro-6-methylphenyl)carbonyl]-4-( 1 -methyl-2 -oxo-3—pynd1nyl)—
L-phenylalanine; or
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,4-dimethyl-2-ox0-3-
- 30 pyridinyl)-L-phenylalanine.

39, A compound of claim 36 wherein Ry, and Ros are halogen, and Ry, is

hydrogen.



15 44. A conpound of claim43 which is 4-(5-chloro-1-nethyl ‘21 oxo-g-
pyridinyl)-N- [ [ 1-(2-nethoxyethyl)cyclopentyl] carbonyl] June 2004

- L- phenyl al ani ne. 45. A conpound of claim 19 wherein R2i and R23 are

‘hal ogen oW@BUE21R| kyl, R24 is hydrogen or |ower al koxy, WCBEPM/IZ9Yr oup of
formula R26-- (CHa)e , wherein R26 20 isghower al koxy, Qis -(CH2) f-, ais
an integer from0O to 4 and f is an integer fromO to 3. 46. ' A conpound
of claim45 wherein R2 is aryl lower alkyl; R3 is hydrogen, R4 is hal ogen,

and RS, 9% andsf/ ahRolhpBAgeRcain sdwhid iERIRS Y ciibrophdhyldfbotife N R 15

Y-1. 48. A compound of “claim 47 w

4- (1- Benzy| - 5tchdipethp-080-3-piyidinpihltphenylafainechl or o- 6- 30

nmet hyl phenyl ) car bonyl ] - L- phenyl al ani ne; or )
4-(1-Benzyl - 5-chl oro-2-o0xo0-3-pyridinyl)- N[ | - (2- et hoxyet hyl ) -

cycl opentyl] #har boﬁfpljnpﬂun%ﬁéﬂmﬁéh%n@inﬂﬁan Roxamphalogenair Hydrogehand1 35 4
June 204 V\Dﬁ%/iﬁ%g,gﬁﬂf EPOQ/ 11979 93 t| wherein R2-R5 and R7 are as
defined in clarml an I’ and P2 each are a protecting group. 50. A
conpound according to any of dains 1-48 for use as a nedicanent. 51. A
phar maceutic co |t Hﬁji i ng- @ .conmpound according to any one of
dai ns 1-48, géz'a B‘ES%‘%%‘%?& ygiagg%ac%tlgbl e salt thereof, and a 10

phar maceuti cal | y aliciépbatme-Scmethcayphgnl)cabouyibét(banetbpe?-okod-t o any one of

clainms 1-48 fQr.: &r tpent of disease states nedi ated by the
bi ndi ng. of M%ﬁ%}%ﬂﬁzﬁéﬁﬁﬁ 4-expressing cells, especially in the
treat t of rheumat- 112 gt Liee ! 08 omdb-m oBD-GE y
Bt of rheundi-HRcbramon-imetsoxyphenyljshdbosyl] - Geb nethyla2ron
bowel diseas 13 . The use of a conpound according to any one of
PR EL iRy it

clainms 1-48 [y acceptable salt thereof, for the
preparation of a nmedicanent for the treatnent of disease

43. A compound of claim 35 wherein R, is Y-3.

15 44. A compound of claim 43 which is 4-(5-chloro-1-methyl-2-oxo-3-
pyridinyl)-N-{[1-(2-methoxyethyl)cyclopentyl] cartbonyl}-L-phenylalanine.

45. A compound of claim 19 wherein Ra3 and Rys are halogen or lower atkyl, Roq
is hydrogen or lower alkoxy, R25isa group of formula Rog™(CH2)e~ | wherein Rag

20 is lower alkoxy, Q is -(CH2)f-, e is an integer from 0 to 4 and fis an integer from 0
to 3.

46. A compound of claim 45 wherein R; is aryl lower alkyl; R; is hydrogen, Ry is
halogen, and Rs, Rs and Ry are hydrogen.

25
47. A compound of claim 46 wherein R; is Y-1.

48. A compound of claim 47 which is '
4-(1-Benzyl-5-chloro-2-oxo-3-pyridinyl)-N- [(Zichloro-6-
30 methylphenyl)carbonyl]-L-phenylalanine; or
4-(1-Benzyi-5-chloro-2-oxo-3-pyridinyl)- N-{[1-{2-methoxyethyl)-
cyclopentyljcarbonyl]-L-phenylalanine.

49. A compound of formula II
35



states nmedi ated by the binding of VCAM1 or VLA-4 or VLA-4-expressing
cells, 20 especially in the treatment of rheunatoid arthriti%JunddQp e
sclerosis, inflammatory bowel disease and asthnma. 54. A process for the
pr epar atWO®142213 phar naceuti cal conposition which procesBCTEBAYIOEES
bringi ng a conpound according to any org of clains 1-48 or a 25

phar maceutical ly acceptable salt thereof, and a conpati bl e pharnmaceuti cal
carrier into a galenical admnistration form 55. The use of a conpound
according to any one of clainsgl-48, or a pharma- ceutically acceptable
salt thereof, in the prepagatidn oé a nedi canent for the 30 treatnent of
rheumatoid arthritis, nmult rergsi s, inflammtory bowel disease and
asthma. 4 June 2004 WO 01/ 4225 RCT/ EPO0/ 11979 94 56. The invention
substantially as herei nbef Bfe scC , especi all Yy ith reference to the
new conpounds, internedi ates, @har tical conpositions ' and uses
thereof. 5 ' '

wherein R-R® and R’ are as defined in claim 1 and P; and P; each are a protecting
‘ group.

50. A compound according to any of claims 1-48 for use as a medicament.

51. A pharmaceutical composition comprising 2 compound according to any one
of daims 1-48, or a pharmaceutically acceptable salt thereof, and a
10 pharmaceutically acceptable carrier.

" 52. A compound according to any one of claims 1-48 for use in the treatment of
disease states mediated by the binding of VCAM-1 or VLA-4 or VLA-4-expressing
cells, especially in the treatment of rheumatoid arthritis, multiple sclerosis,

15 inflammatory bowel disease and asthma.

53. The use of a compound according to any one of claims 1-48 or a pharmaceutically
acceptable salt thereof, for the preparatioﬁ of a medicament for the treatment of disease
states mediated by the binding of VCAM-1 or VLA-4 or VL. A-4-expressing cells,

20 especially in the treatment of rheumatoid arthritis, multiple sclerosis, inflarmmatory bowel

disease and asthma.

54. A process for the preparation of a pharmaceutical composition which process
comprises bringing a compound according to any one of claims 1-48 or

25 pharmaceutically acceptable salt thereof, and a compatible pharmaceutical carrier
into a galenical administration form. -

55. The use of a compound according to any one of claims 1-48, or a pharma-
ceutically acceptable sait thereof, in the preparation of a medicament for the

30 treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease
and asthma. |



4 June 2004

WO 01/42215 PCY/EP00/11979
' 94

56. The invention substantially as hereinbefore described, especially with
reference to the new compounds, intermediates, pharmaceutical compositions -
and uses thereof.
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