Title:

Abstract:

4- PYRI M DI NYL- N- ACYL- L- PHENYLALANI NES [err]
Counpounds of Formula (1) are disclosed, wherein Rt P 208 R err]

are as defined in specification and which are i nhibitors of bindin
bet ween VORPYIZAY cel |'s expressing VLA-4, and accordi ngl yPVEFQLEE| for
treating di seases whose synptons and or

10

15

20

25

-1-

4-PYRIMIDINYL-N-ACY1-1-PHENYLALANINES

Vascular cell adhesion molecule-1 (VCAM-1), a member of the

‘immunoglobulin (Ig) supergene family, is expressed on activated, but not resting,

endothelium. The integrin VLA-4 (0,B,), which is expressed on many cell types
including circulating lymphocytes, eosinophils, basophils, and monocytes, but not
neutrophils, is the principal receptor for VCAM-1. Anu'bc;dies to VCAM-1 or VLA-4
can block the adhesion of these mononuclear leukocytes, as well as melanoma cells,
to activated endothelium iz 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
accurnulation and bronchoconstriction in models of asthma, and reduce 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 tamarin model of colitis. It has
further been shown that VCAM is expressed on endothelial cells of inflamed colonic
tissue in a TNB/ethanol rat model of inflammatory bowel disease (Gastroenterology
1999, 116, 874-883).

Thus, compounds which inhibit the interaction between 0y-containing
integrins and VCAM-1 will be useful as therapeutic agents for the treatment of
chronic inflammatory 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.



damage are related to the binding of VCAM1 to cells expressing VLA-4. 4
June 2004 WO 01/ 42225 PCT/ EP00/ 11884 | 4 June 2004
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4 June 2004:5]}@5@ 2Ahd: %%%p?cg% b ttuldPBbver alkyl groups include 2-hydroxylethyl, 3-
15 oxobutyl, cyanomethyl, and 2-nitropropyl.

The term "perfluoro lower alkyl" for purposes of Ry, Ry, or Rys means a
substituted lower alkyl group as defined above which is a methyl or ethyl group
where all of the hydrogens are substituted by fluoro, i.e. trifluoromethyl and

20 pentafluoroethyl. |

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 “cydoalkyl” means an unsubstituted or 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 sulfonyl, aryl, heteroaryl and
substituted amino.

30

' The term “lower alkoxy” means a straight-chain or branched-chain alkoxy

group containing a maximum of six carbon atoms, such as methoxy, ethoxy, n-

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



2 As used in this specification, the term "hal ogen" neans any of the four
hal ogens, bronine, chlorine, fluorine, and iodine unless indftdHped004
ot herw se referred hal ogens are brom ne, fluorine, and chlorine. 5 The

term"| omgro 4&%’ al one or in conbination, neans a straiPd:Hi’E%’ﬂﬂ?Wor

branched-chai n al kyl group contai ning a maxi mum of six carbon atons, such
as nethyl, ethyl, n-propyl, isopropyl, n-butyl, sec.butyl, isobutyl,
tertbutyl, n-pentyl, n- hexyl and the like. 10 The term "Substituted | ower
al kyl" means a | ower al kyl group as defined above which is substituted by
one or nore groups sel ected independently from cycloal kyl, nitro, aryl oxy,
aryl, hydroxy, hal ogen, cyano, |ower alkoxy, |ower al kanoyl, | ower

al kyl t hi o, | ower [ : ' no or
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adj acent caalyor bawmdr the SesThfthe enaleculs/thkaughich $ulfiratsm am thenadfosyli t ut ed or
substituted_3- to 7- nenbered carbacyclic ring. Substituents useful in

accordance ‘R the present invention are hydroxy, hal ogen, cyano, |ower
al koxy, |ower al kanoyl, lower alkyl, aroyl, lower alkylthio, |ower alkyl

sul finyl, | ower syl £-0 rvl . heteroaryl and substituted am no. 30
The tI@r m "1 ower. ?}‘{%Xy"wﬁieaﬁr}giﬂé a?f' %?‘gﬁg%}%ﬂgﬁﬁ%ﬁucﬁ%%ﬁgé ﬁéﬁeﬁw koxy
group cont anaphizyl,awhiekis mmsebstituted or substitutat Ipnsnvartidnabsubsdtdeaxyroups.hoxy, n-
ropoxy, i sgpLopnaxy. A-butoxy. tertsbutoxy and t.he like. Jung 2004 WO
81 / 2 22¥5 P eéelg%g F%‘ﬁ%'ﬁm% are Yower aﬁcyl,l?gwer oxy,qnydroxy lower aléyl, ll:ilycﬁ'oxy,
hydroxyalkoxy, halogen, lower alkylthio, lower alkylsulfinyl, lower alkylsulfonyl,
cyano, nitro, perfluoroalkyl, alkanoyl, aroyl, aryl alkynyl, lower alkynyl and lower
15 alkanoylamino. Examples of aryl groups that may be used in accordance with this
invention are phenyl, p-tolyl, p-methoxyphenyl, p-chlorophenyl, m-hydroxy phenyl,
m-methylthiophenyl, 2-methyl-5-nitrophenyl, 2,6-dichlorophenyl, 1-naphthyl and
the like.

- 20 The term “arylalkyl” means a lower alkyl group as h‘ereinbefore defined in
which one or more hydrogen atoms is/are replaced by an aryl or heteroaryl group as
herein defined. Any conventional aralkyl may be used in accordance with this
invention, such as benzyl and the like.

25 The term “heteroaryl” means an unsubstituted or substituted 5- or 6-
membered monocyclic hetereoaromatic ring or a 9- or 10-membered bicyclic
hetereoaromatic ring containing 1, 2, 3 or 4 heterecatoms which are independently
N, S or O. Examples of hetereoaryl rings are pyridine, benzimidazole, indole,
imidazole, thiophene, isoquinoline, quinzoline and the like. Substituents as defined

30 above for “aryl” are included in the definition of heteroaryl.



3 The term "l ower al kylthio" means a | ower al kyl group bonded to the rest
of the nolecule through a divalent sulfur atom for exanpl e4 JHNegP8 |
mercapto Qr.a _isopropyl mercapto group. The term "l ower al kyl sulfinyl"
means a | S4By group 5 as defined above bound to the Pr“@é'@“l?fﬂ?sﬂe

nol ecul e through the sulfur atomin the suffinyl group. The term | ower

al kyl sulfonyl"™ neans a | ower al kyl group as defined above bound to the
rest of the nolecule through the sulfur @tomin the sulfonyl group. 10 The
term"aryl"™ means a nono- or bicylic aromatic group, such as phenyl or

napht hyl, which is unsypstituted or substituted by conventional substituent
groups. Pref er r Bee wims lowagsabosyarkonybymeansialgwer gredpkondeditg thoxy

c.
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al kanoy! , afthoHycathopyl alike. | ower al kynyl and | ower 15 al kanoyl ami no.
Exanpl es of aryl groups that may be used in accordance with this invention
are phenyl, p-tolyl, p-nmethoxyphenyl, p-chlorophenyl, mhydroxy phenyl,
m et Byl t hi ophenbire teznnhwhﬂgﬁmbtombwﬁhqusalewm alltlearbgstyboryigroap napht hyl
and the | igigdedth tHiGeltr Me BoMbAL ik'ar | P Ekaritl
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by an aryl e then eacdexwy haythagame mepningi n defi ned. Any conventional aral kyl
maybe used in accordance with this invention, such as benzyl and the |iKke.
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fluoroethyl) bonded to the rest of the molecule via a carbonyl group.

15

The term perfluoro lower a]kanoylamino“ means a perfluoro lower alkanoyl

group bonded to the rest of the molecule via an amino group.

The term “lower alkylcarbonylamino™ means lower alkylcarbonyl groups
20 bonded to the rest of the molecule via a nitrogen atom, such as acetylamino. The
term lower alkylaminocarbonyl” means lower alkyl amino groups bonded to the rest
of the molecule via a carbonyl group. '

The term "arylaminocarbonyl" means aryl groups bonded to an amino group
25 further bonded to the rest of the molecule via a carbonyl group.

The term “aroyl” means a mono- or bicyclic aryl or heteroaryl group bonded
to the rest of the molecule via a carbonyl group. Examples of aroyl groups are
‘ benzoyl, 3-cyanobenzoyl, 2-naphthoyl, nicotinoyl and the like.
30



rest of the nolecule via a carbonyl group. Exanpl es of aIkoxXcarbon
groups are ethoxycarbonyl and the like. 5 The term"I| ower June 2

al kyl car ' means a | ower al kyl carbonyl oxy group he rest
of t he ngﬁgﬁga%%Via an oxygen atom for exanple an acetogﬁggﬁgW%g&hThe term
"acyl oxy" has the same neaning. The term "l ower al kanoyl" neans a | ower

al kyl group bonded to the rest of 10 the nolecule via a carbonyl group and
enbraces in the sense of the foregoing definition groups such as acetyl,
propi onyl and the like. The term"perfluoro | ower al kanoyl"™ neans a
perfluoro |l ower alkyl group (a substituted |ower al kyl group where all of

t he hydrogens are substituted by fluoro, preferably trifluoronethyl or

- penta- fl uoroet biApmdendaty &&eﬁdaslersﬂsstue%en Rﬁomh?méla%taﬂdecaﬁ Heahfny !

group. 15 The term perfluoro |'ower al kanoyl am no"_ neans perfluoro | ower

al kanoyl BYBQ}HEBB%@H!W‘#H@G%%OS?C% %ﬁﬁh@wplena;m of thesamprindoup. The
term "I oweExahM¥d SRHACRANSANENY actBRdble faRYWEST aBldkYdors Ry L.regﬂil {ffeta?0 bONded
to the rest qQf .the nplecule V|aan|trogen atom  such as_ acetylam no. The
termel omeroraqll@}msﬁaﬁb@aﬁﬁ%ﬁgﬂh ﬁ%caﬁgl»p@m@sﬁurama»}mmanmm@mﬁmbonded to the
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means aryl _groups  bonded to an am no group the rest

of the nol @zsuplée valts far eamprsinds Otjﬂum@venlttp@ %reﬁcrﬁm@rselts egnﬁamstha amdno or
bi cyclic agghp &Hndfx%&wgfsgig gD mrggr@gfu%&{@ B8 veﬁgoﬁfﬂse ecule via a

car bonyl group Exanpl es aro groups_a cyano enzoyl

2- napht hoy® tmnpéépphﬂwaaém tm@npmmth glium hydroxideo Fobrsid ¢otap@sds,
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art and can I on ing I ntad ccoun

cheni cal radrhusicoritxia@hesphesigndtric, @rmplfwam npdiac,rmdm,lswamhd:.yammpt abl e
salts for %%Qhé‘su%ﬂﬂ,oﬂﬂﬂf-t&ﬁ?ne%lm&a&@t al 5 or alkaline earth netals

such as sodi um pot assi clrum magne3| um basic

In one embodiment the present invention relates to a compound of the
15 formula I:

RZ
Os N0
YO s
R3,.N =
" R4
HN" ~CO,R,
R~ 0

and the pharmaceutically acceptable salts thereof In accordance with the
invention, R, is a group Y-1, Y-?. or Y-3 as described below:

20 R! is Y-1, a group of the formula:
R2o
| =
Y
Rog . Rea Y-1
wherein:

Ry2 and Ry3 are independently hydrogen, lower alkyl, lower alkoxy,
- 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




am nes or basic am no acids, ammonium or al kyl ammonium salts. Particularly
desirable salts for conpounds of this invention are sodi um sdiuge 2804 from
the acidic conmpound where Rb is H Tie sodiumsalt of any acid of this

i nventi onM&M42&5 y  obtained fromthe acid by treat ment HBGHERIGHIEHH

hydr oxi de. For basic conpounds, 10 exanples are salts of inorganic or

organi ¢ acids such as hydrochloric, hydrobromc, sulphuric, nitric,
phosphoric, citric, formc, fumaric, nmaléeic, acetic, succinic, tartaric,

met hanesul foni c, and p-tol uenesul fonic acid. In one enbodi ment the present

i nvention relates to a conpound of the 15 fornmula I: RZ ONYOR5 Y R3"Nle
R4 HN' co&ﬂesmﬂmdwmemadﬁmmhydmemowewhﬂdbwu alkbxys atyher eof |1 n
accor dance th_th t he ll nve"iri%’ﬂ la) I;«"i %?@ oup Y-1, Y-2or Y-3 as described
bel ow. 20 R 8 fanv} e Dalge R22 wherein: R22 and R23 are
| ndependent |y hydrogen, Iomer al kyl , Iomer alkoxy, cycloalkyl aryl,

arylal kyl, nitra,:.C ovver al kyl t h'o, | ower al kyl sul_f ower al kyl
sul fonyl, | ower Ilﬁﬁﬁl VRN redheteroargms Filﬁ‘i&"ér?d:"@l °Q) east one
of R22 and atorhuoeh@sfidie chﬁﬁoﬁﬂi/vﬁié?éiﬁ sﬁa:ﬁn ROftaink&he, twd dR2BrdehetbbbmE han
hydr ogen, wer al kox aryl, .nitro,
c%anog |om€Fﬂ8'FR§§r°“§H1 C° F“%?@ﬁgéaxﬁﬁ@ ope 5T two 3tofns Qf s2id mpgrenber ed
het er oar onairé indepétgiehdjﬂﬁl&duwtail@rlﬁ%bﬂlayl&yaldeL BaloBéh, 2jdride car bonyl

wher ei n sai d ng nt ai t Wo c? e .het eroat ons

fluot alﬁy or aryl an At least One of said su sntute atoms is adjacent to the

carbon atom bonded to the amide carbonyl,

10
R' is Y-3, a 3-7 membered ring of the formula:
R25
Q__

Y-3
wherein:

Rjs is lower alkyl, unsubstituted or fluorine substituted lower alkenyl, or a

15 group of formula F2s™(CHAe~ R, 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 -
NR2gR29, wherein Rag is hydrogen or lower alkyl, Ras is hydrogen, lower alkyl, lower
alkoxycarbonyl, lower alkanoyl, aroyl, perfluoro lower alkanoylamino, lower atkyl

20 sulfonyl, lower alkylamiﬁocarbonyl, arylaminocarbonyl, or Rzgand Rpg, 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-Ry, Q is -(CHy)s O-, -(CH,)¢S-, -(CHy)¢ N(Rp7)-, -(CH)r, Ry is H, lower

_ alky], aryl, lower alkanoyl, aroyl or lower alkoxycarbonyl, Ry is H, lower alkyl, aryl,

25 lower alkanoyl; aroyl or lower alkoxycarbonyl, the carbon atoms 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 0 to 3; |

R; is hydrogen or lower alkyl, substituted lower alkyl, arylalkyl, or aryl;

30 Rj3 is hydrogen or lower alkyl, substituted lower alkyl, arylalkyl, or aryl;




selected fromthe group consisting of N, O and S and one or two atons of
said ring are independently substituted by |lower alkyl, cyctd#eaziosd

hal ogen, . perfluoroai kyl, or aryl and at |east one sai d
vy, Srep@isdige

substi tuted i s adjacent to the carbon atom bonded k

carbonyl, 10 Rf is Y-3, a 3-7 nenbered ring of the fornula: R25 Q Y-3
wherein: R25 is lower alkyl, unsubstituted or fluorine substituted | ower
al kenyl, or a 15 group of formula R2C-(@H)e ,R26 is aryl, heteroaryl,

azi do, cyano, hydroxy, |ower- al koxy, |ower al koxycarbonyl, |ower al kanoyl,
| ower aikylthio, |ower alkyl sulfonyl, lower alkyl sulfinyl, perfluoro

| ower al kanoyl, nitro, or R26 is a group of formula - NR28R29, wherein R28

i s hydrogen or |R%‘Q@Bycﬁb?%’l, halB%e% EwdR e 9 ind 1OV Bk Ltﬂrk}‘lla(is%&{)&er

al koxycar bonyl, Tower afkanoyf, aroyl, ‘gerfluoro | Sa/e anoyl am no, | ower
al kyl = 20 SIHEFMD}OW@WBWDaPRWBm nocar bonyl , aryl anni nocarbonyl, or R28 and
R29, taken together with the attached nitrogen atom forma 4, 5 or

6- menbered saturated heterocyclic ring optionally containing one

addi t$ onal het erRsas lrdrogdne bovesd allylo ahloro, 81 fowgnalkdks Rao, Q is - (CH2)f 0-,
-(CH2)f S-,  -(CH2) IN(R27)-, -(CH2)f-, R27 is H, lower alkyl, aryl, |ower

al kanoyl, aroyl or |ower al koxycarbonyl, R4o is H |ower alkyl, aryl, 25

.l over al kanoyl , Raiolytdrogen, lovesr alkyk owser alkploarpbaylotyeowar dbyl, sittotiaited the ring
are unsubg%%%z??@é%?ﬁh#gh%gmgyatﬁ_gy\er al kyl or hal ogen, e is an

I nteger fr an itnteger fromO to 3; R2 is hydrogen or
| ower al kyl, substituted |ower alkyl Bsarylalkyl, or aryl; 30 R3 is hydrogen

or lower alkyl, substituted | owgsy I_lg_l)zl rylrarkyl, or aryl; 4 June 2004 WO
01/ 42223 PCT/ EPOQ 11884 7 R4 i\gﬁyzz‘?oge@,@ﬂﬁ‘@ge , nywer al kyl , substituted

n
-l ower al kyl (such as perfluoro |ower alkyl), or a
10 wherein:Rs; is hydrogen or lower alkyl, R is hydrogen, lower alkyl, aryl, Raq is

hydrogen or lower alkyl, 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:
ez

.
~CHIFC(CHalgN_ QO
T N

wherein: Rsy, g, and h are as previously defined, Q' is 0, S, -(CHg);-, or a group of

15 the formula N-Rss; wherein Rs; is hydrogen, lower alkyl, lower alkanoyl, lower
alkoxycarbonyl, jis 0, 1 or 2

The compounds of the invention can exist as stereoisomers and
- diastereomers, all of which are encompassed within the scope of the present
20 invention. Each of the compounds mentioned in the various embodiments above and

below is also contemplated in its pharmaceutically acceptable salt form.

In a first particular embodiment of the compounds of formula I
R? is hydrogen, lower alkyl, substituted lower alkyl, arylalkyl, or aryl;

25- R’ is hydrogen, lower alkyl, substituted lower alkyl, arylalkyl, or aryli and
R* is hydrogen, lower alkyl, perfluoro lower alkyl, or aryl.

In a second particular embodiment of the compounds of formula I
R? is hydrogen, lower alkyl, substituted lower alkyl or aryl;




5 RS is hydrogen, |lower alkyl, chloro, or |ower alkoxy, R6 is hydrogen,

| ower al kyl, Tower al kyl carbonyl oxy | ower al kyl, substituted J428&004] kyl
or R6 is a group of fornmula P-3: sz -{CH2)h H 33 -(CH2)g- R34 3 10

wher ei n: Ryég‘?lé‘“%?drogen or lower alkyl, R33 is hydrogen, Ig‘?ﬁwpﬁgﬁm aryl ,
R34 is hydrogen or lower alkyl, his an integer fromO to 2, g is an '
integer fromO to 2, the sumof hand gis 1 to 3; or R6 is a group of
formula P-4: R32 1~"\  _(CH2)h H (CH2)s & C3' /~ P-4 wherein; R32, g, and h
are as previously defined, Qis 0, S, -(CH2)p-, or a group of 15 the

fornmula N-R35; wherein R35 is hydrogen, |ower alkyl, I|ower alkanoyl, |ower
al koxycar bonyl , R isdiydrogen.dewer substyuteddeweralkilor arykemti on can exist as

stereoi somers ang ;4 asfes : aiﬁﬁl § r ﬁg;ﬂg d within the
scope of the pr eselr?t 24° nven %%r%?@gac ’osye'.t&gte?olrgrggﬂn S %E%'?ﬁl oned in the

vari ous enbodi ments above and belowis also contenplated inits

phar maceutical |y H.g‘;qt qﬂ@@ | ' | rent  of
t he conpounds  of I[?%r mu Igﬂll %b%%%tgdeﬁ%@f%%éﬁne{# E’ﬁ‘%‘%ﬁ?ﬁrﬁ?@ép?ow
al kyl ,5 ar y| anksecondpartieglar enpisodixgents tendiongd hefore weeferablyabt firss phticutant ed

| ower al kyl o BhXibflky! . or aryl; and R4 is hydrogen, |ower alkyl,
perfluoro |ower alkyl, or aryl. In a second particul ar enbodi ment of the
conpounds of forRuiSélY oga® lowerhalkyl, sykstituted deswverallyy by arylybst i t ut ed | ower

al kyl or aryl; 4433 4 . P004, 11884 .8 i s hydrogen,

| ower al kyl, subls{tilg?kgﬁhe%g ’cl)av%rrgg{yﬁéﬁg%ﬁaré/‘%erﬁéﬁlﬂ%’ﬂa%’ dr ogen, hal ogen,

| ower al kyl, subBtishydregen,bwver alityk \perthroratoper alkyl,arttylr d parti cul ar
enbodjgrent of the compounds of fornula | and its first

In a preferred embodiment of the compounds of formula I and its three
particular embodiments mentioned before, preferably the third one, R* is hydrogen,
lower alkyl or perfluoro lower alkyl.

15 In a more preferred embodiment of Formula I and its three particular
embodiments, especially the first particular one, R, is a group of the formula Y-1 as
defined in formula I and R22 and R33 are independently lower alkyl or halogen; and

R241s hydrogen. In another more preferred embodiment, R; is a group of the
formula Y-1 as defined in formula I and Rp2 and R)3 are independently hydrogen or
20 halogen; and Rp4 is lower alkoxy, preferably methoxy.

Another more preferred embodiment of Formula I and its particular
embodiments features R as a group of formula Y-3 as defined in formula I where

R25 is a group of formula Rog—(CH2e~ | wherein Rog is lower alkoxy, Q is -(CH2)f,
25 e is an integer from 0 to 4, and fis an integer from 0 to 3, preferably 2.

Another more preferred embodiment of Formula I and its particular
embodiments is a compound of the formula Ib:



5 and second particul ar enbodi nents nenti oned before, preferably the first
particul ar enbodi nent, R2 is hydrogen, |ower alkyl, substlt‘i:rtJ'é'!ﬁmﬂﬁer

al kyl or arcg/%} R3 is hydrogen | ower al kyl, substituted | ower_al kY

aryl ; andWORI2R5hy dr ogen, | ower .al kyl, perfluoro |ower alBGIEPOGH 3§fy 10
In a preferred enbodi nent of the corrpounds of formula | and its three '
particul ar enbodi nents nentioned before, preferably the third one, R4 is
hydrogen, lower alkyl or perfluoro lowe? alkyl. 15 In a nore preferred
enbodi nent of Fornmula | and its three particular enbodinents, especially
the first particular one, Rx is a group of the fornula Y-1 as defined in
formula I and Rﬁz and R23 are independently | ower al kyl or hal ogen; and
R24 is hydro ther nore preferred enbodinent, RlL is a group of the
formula Y-1 as d"in formula I and R22 and R23 are independently

hydr ogen or Raa“ and R24 is | ower al koxy, preferably nethoxy.

Anot her nore pr e enbodi nent of Fornula | and its particular

enbodi nents features R s a group of fornmufa Y-3 as defined in fornula |
where R25 is a group ﬁ;la R26r' (CH2)e , wherein R26 is |ower al koxy,
Qis -(CH2) f-, 25 e i§ an ihfteger fromO to 4, and f is an integer fromO
to 3, preferably 2_ gyOtper nore preferred enbodl ment. of Fornmula | and its
particul ar enbodinents is a cYhgEdas #d eﬁnedrrbﬂomlhlr&w&owa&wiz@e4 V\D

01142225 PQPI e@gkévi 4s Bydebgen)Nperfifordl Bér 18wEila1k$l Rﬁﬁsﬁg{dﬂo
formula I, i's_ | we&? al% gen gger Fog R6|slower ky, s hydrogen
perfl uoro |1@m}r kgnd Reis vémrn zi@wralkyhavrrfgrahiy lgyver alkyl

carbonyloxy lower alkyl, preferably 1-(acetoxy)ethyl, a group of formula P-3 as

5 defined in formula I or 2 group of formula P-4 as defined in formula I. Within this
more preferred embodiment, it is particular preferred that R, is a group of the

formula Y-1 as defined in formula I where R22 and R23 are independently perfluoro
lower alkyl, preferably trifiuromethyl; lower alkyl, preferably methyl, ethyl, propyl or
isopropyl; or halogen, preferably finoro, chloro or bromo; and R4 is hydrogen.

10 |

When R, is a particular preferred group of the formula Y-1 as defined in the

preceding paragra;;h, it is preferred that i) R* and R are lower alkyl; R* is hydrogen
or lower alkyl, and Rs and R are hydrogen, or i) R*and I«f are lower alkyl; R* is
hydrogen or lower alkyl, Rs is hydrogen, and Ry is hydrogen, lower alkyl or lower

15 alkylcarbonyloxy lower alkyl, or Rgis a group of formula P-3 as defined in formula I,
or Rg is a group of formula P-4 as defined in formula I (preferably R* is hydrogen),
especially where Ry is lower alkyl; or R¢ is lower alkylcarbonyloxy lower alkyl; or R is
a group of the formula P-3 wherein R* is hydrogen; R*® and R* are lower alkyl; b is
1; and g is 0; or R6 is a group of the formula P-4 wherein R? is hydrogen; his 1; g is

20 0; and Q' is O, or 1ii) R? and R? are lower alkyl; R* is perfluoro lower alkyl, and R’ and
RS are hydrogen, or iv) R? and R? are lower alkyl; R* is hydrogen; R is lower alkyl,
and R® is hydrogen.

Particular compounds in connection with preferred embodiment i)
25 mentioned in the paragraph before are selected from



| ower al kyl; and R6 is hydrogen, |ower alkyl, preferably nethyl, |ower

al kyl - carbonyl oxy |ower alkyl, preferably 1-(acetoxy)ethyl 4 aung 24 of
formula P-3 as._.defined in formula | or a group of fornmula P-4 as defined
in formul YA 4% Bhin this nore preferred enbodi ment, it iBCTHEROO1EH,,
preferred that Rz is a group of the fornula Y-1 as defined in fornula I
where R22 and R23 are independently perfluoro |ower alkyl, preferably
trifiuronethyl; |ower alkyl, preferablyl®ethyl, ethyl, propyl or

I sopropyl; or hal ogen, pref erably fluoro, chloro or bronp; and R24 is
hydrogen. 10 When Rl is a particular preferred group of the formula Y-1 as

defined in the NRQWlBﬂOﬂ)@héﬂﬂﬁﬁi‘bonﬂ]-tl-ﬁl pgqﬁg{ Adaloxb)5-R2 and R3 are
| ower al kyl; R4 is hydrogen | ower “al kyl, and and R6 are hydrogen, or

ii) R2 and Rprigidinyl he&Vlﬂly"PmeR4 is hydrogen or Iovver alkyl, R5 is
hydr ogen, and R6 1 yl oxy
N AR - B4R caulony,

| oner al kyl, or R6IS agroupo la P-'3 as
is a group Brrimislingl)-%-phenylalangss i ned in foriul a | (preferabl y R35 i s

hydr ogen), espe 1 L k [

al kyl %ar bonyl oxyﬂrg\%\ec‘#dga% Beﬁglyh%%h Jr%&})ﬁgf“—@em or’rru a P53 wher ein
R32 is hydrBE@ﬁldlﬂék Arlening | ower aIkyI his 1, and gis 0; or R6is
a group of the f - hy ' 20 0; and Q
is 0, or iii) ﬂfﬂ’g @gg@@%&&lﬁ%&?&@ﬁ?@% uﬁzl%g\g\)/e?%al kyl , and
R5 and R6 Byrmideilblerhengalanipg; R2 and R3 are Iower alkyl; R4 is hydrogen
n, gonnect i on

\TASt Ihsplr g}/vg; r ggkgiﬁb%éqﬁqnmlkﬁﬂgg&%% [ one %4; agrﬁb'ﬁ&B lf Lrsre are
sel edPed f r dioxa-5ipmoniddod)-Wphemyldadiag PCT/ EPOO/ 11884 10

N (2 &0l oI o1 ORIREY ARy byl o 6Bkt 3 staiBh 980" S

yrlmdlnyl) -L-
[ (2- br ono- @miﬂﬁﬁﬁhb@ieyﬂdm@wl] 4-(1,3,6-trimethyl-2, 4 di oxo- 5-

oy 8L et B A B B
dioxo-5-pyrimidinyl)-L-phenylalanine; ‘
15 ' N-{[2,6-di-(2-methylethyl)phenyl]carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine;
N-[(2-chloro-6-ethylphenyl)carbonyl]-4-(1,3 6-tnm€thy1—2 4-dioxo-5-
pyrimidinyl)-L-phenylalanine;
N-[(2-chloro-6-propylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
20 pyrimidinyl)-L-phenylalanine;
N-[[2-chloro-6-(2-methylethyl)phenyljcarbonyl}-4-(1,3,6-trimethyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine;
N-{(2,6-dichlorophenyl)carbonyl}-4-(1,3-diethyl-6-methyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine;
25 N-{(2-chloro-6-methylphenyl)carbonyl]-4-(1,3-diethyl-6-methyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine.

Others compounds are selected from
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-5-
30 pyrimidinyl)-L-phenylalanine;
N-[(2-bromo-6-methylphenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine; or



N [(2-ethyl-6-nethyl phenyl)carbonyl] -4-(1,3,6-trinethyl-2,4-di oxo- 5-
pyrim dinyl)-L-phenyl al anine; N [ [2-(2-nethylethyl)-6-nmet h§Vpreald4
car bonyl ] -4: 6-trimethyl-2,4- 10 di oxo-5-pyririudinyl)-L-phenyl al ani ne;
N[ (2, 6- di‘?’f’%’#g’ﬁﬁenw )carbonyl] -4-(1,3,6-trimethyl -2, 4- d?SX—%—PBQ’YIS&" .
pyri mdinyl)-L-phenylalanine; N [ [2-fluoro-6-(trifluoronethyl)phenyl]
carbonyl] -4- (1,3,6-trinethyl-2,4- dioxo-5-pyrimdinyl)-L-phenylal ani ne;
15 N[ [2,6-di-(2-nethylethyl)phenyl] catbonyl]

-4-(1,3,6-trinethyl -2, 4-di oxo-5- pyrimdinyl)-L-phenylalanine; N [ (2-

chl or o- 6- et hyl phenyl ) carbonyl] -4-(1,3,6-trinethyl-2,4-di oxo-5-

pyri m di nyl) - L- pRer{2-bremoSemetioxjphedylidarioonyl}e4 41 dpditnetighpld) diaxwony| | - 4-

1,3,6-tri . - di = . i m dinyl)-L-ph | al ani ne; N
L2 chi or o- o R nam EeERRaRBl) ¥ Carbonyl 114 (5, 3. 6 (1 met hyl -2, 4-
di - 5- I m di N | al.ani ne; (:2,.6-,di chl h I ' I
B (L3 G ot nyl R gl (neMogrinCittyR perfs et SRVEREY o8
[ (2-chl or o-selected frpEphenyl ) car bonyl ] -4-(1, 3-di et hyl - 6- net hyl - 2, 4- di oxo-
5- i ;i dinyl)-L- | .al, ani ne. h d |l ected from N
(2"%ni Bro- 6: et hy RR SR EP BB FrbanV E 1B Fene SE4hoKs 0. 5 30
pyriinidinyl i VI H418nindethyi(e2repr OnD- 6- Met hyl phenyl ) car bonyl ]

PyrimidigTVL phaky hyl(edreb

-4-(1, 3-di net hyl -2, 4-di oxo-5- pyrimdinyl)-L-phenylal anine; or 4 June 2004
WO 01/ 42225 PCT/ Bbd3-chlesxn6-mathpphdny])2arbonyih-4 518 rimpthilehgt diwar-Bony| | - 4- [

1, 3-di met hyl - 2. 4-d{ 6x%0- 5- ri.mdinyl] -L-phenylal anine. Particul ar
conpounds ir?yé%?'%%%ﬁi.lgﬁﬁwyg%a?’f’?%ﬂﬁ%"\ﬂﬁere R6 is | ower alkyl are
N-{(2,6-difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
10 - pyrimidinyl)-L-phenylalanine ethyl ester;

where Rg is lower alkylcarbonyloxy lower alkyl compounds are selected from
N-[(2,6-dichlorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethy] ester;
N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
15 pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester; or
N-{(2,6-difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester;
where R is a group of formula P-3 compounds are selected from
N-{(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo~5-
20 pyrimidinyl)-L-phenylalanine 2-[(N,N-diethyl)amino)ethyl ester;
N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 2-[(N,N-diethyl)amino]ethyl ester; or
N-[(2,6-difluorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 2-[(N,N-diethyl)amino]ethyl ester;
25 where R® is a group of formula P-4 compounds are selected from
N-{(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl}-L-phenylalanine 2-(4-morpholino)ethyl ester; or
N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl}-L-phenylalanine 2-(4-morpholino)ethyl ester.
30

Particular compounds in connection with iii) above are selected from



selected from5
N-[ (2, 6-di chl or ophenyl ) car bonyl ]-4-(1, 3, 6-trimethyl -2, 4- di oxbJgne 2004
pyri m di ng‘ll%-‘ljr@ghenyl al anine ethyl ester; N
[ (2- chl or XSMEEHY | phenyl ) carbonyl ] -4- (1,3, 6-trimet hyl - 2PAT/EPWIISSE-
pyri m di nyl)-L-phenyl al ani ne ethyl ester; or N [
(2, 6-di $uor ophenyl)carbonyl] -4-(1,3,6-trinethyl-2,4-di oxo-5- 10
pyrim di nyl)-L-phenyl al ani ne ethyl esteriz where R6 is | ower
al kyI car bonyl oxy | ower al kyl conpounds are selected from N [
(2, 6-di chl orophenyl ) carbonyl ]-4-(1,3, 6-trinethyl -2, 4-di oxo-5-
e d'm”y' eyt Aleeplimiostons) 908 dnsmnia diocos
chl or n r ri met hy , 4- di oxo- 5-
pyrimidi nyl } %‘ﬁrgrﬁ&ﬁ%‘@“@@n&%ﬁ?’ﬂ%ﬁ ester; or N |
(2, 6-di lj fl ulor opheM[Qz-dﬂbﬂme&ﬁielhﬂﬁherﬁfﬂ)c&bﬁnﬂ]44ﬂ{ﬂt3tﬂmm&hmﬁl EléQii@xo'Ss- f
pyri m di ny ni ne ester ere is a group o
formula P-3 'lgﬁg %‘éﬁggé’@@é&g’ﬂgﬁf?‘ﬁﬁlﬁw&f QT2 6- di chl orophenyl )

Z ar F?Eyu i 4£ (. (1 M[ﬁ-ﬂudrﬁm-hﬁﬂuaidin&hﬁﬁﬁheﬁyl 2abenyl}-aid|3dimethy-RREny! al ani ne
- i e est.er
(2-chl oro- 68'}%%;1%&% ?1‘%’ @H’X)o% d'ﬁ’Nl-’)l -Bhenylalanigehy | - 2, 4- di oxo-

5-
Rﬁ/{l(rzn gl gyh) L- phﬁnyl al ani Be 2- [(N N-(]ZI-I gt gyl ) ami n(ﬁ] I etzhﬁl OIest er; or
1(2, 6-di fluoroghen car 0 y i
pyrim dinyl)-L- pﬁ@ﬁ§¥l '92(’5}"(1‘\? ?frw F aterpglected drom 25 where RG6
|( ; zg groElp of 1;] oanpﬂzaclﬂbré- arpelskisy ?wgs%ﬁfqt(qg t&{r}ﬂ?&ﬂ’-‘ét&-&dmxo-s-S
i chl or ophe ri. methy i 0X0- 5-
pyri m d| nyl ¥ Ylﬁm’pﬂgéﬂi/? Ylﬁé\ég‘lr(ﬂﬁ%f‘ﬁhollno)et hyl ester; or N [
(2-chl oro- 6 met hi-pmgichiess ﬂlﬁﬂﬂbdarb&ryﬂ%ﬁl,@dihﬁ&gﬂfwi-d%ﬂ:ﬂi 0x0- 5-
pyrimdi: nyI)}TgB @f?' al ani.ne 2)4;11 nor phol i no) et hyl ester. 30 Particular
.conpounds iR ’ﬁﬁ‘@ P IRt PhealamBeOrar e sel ected from 4 June 2004 WO
01/ 42225 PCT/ EPONL[ll,B&Hclﬂ@rophenyl)carbonyl] -4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-3-methyl-L-phenylalanine.

15
In compounds of this invention of the formula Ib defined above,

o ]
Y'Y
R3NP
R4
HN™ “CO,R,
RO

where R; is as defined in formula I, R; is lower alkyl; R;
is lower alkyl; R4 is hydrogen, perfluoro lower alkyl, or lower alkyl, Rs is hydrogen or

20 lower alkyl; and R; is hydrogen, lower alkyl, lower alkylcarbonyloxy lower alkyl, a
.group of formula P-3 as defined in formula I or 2 group of formula P-4 as defined in
formula], itis also preferred that R, is a group of formula Y-3 as defined in formula
I, where R25 is a group of formula Fe6—(CH2e~ | ywherein Rog is lower alkoxy, Qis -
(CH2)f, e is an integer from 0 to 4, and fis an integer from 0 to 3. In such

25 compounds, it is preferred that R? and R’ are lower alkyl, R* is hydrogen or lower
alkyl; and R® and R® are hydrogen.




N [ 1-(2,6-dichlorophenyl)carbonyl] -4-(1,3-dinethyl -2, 4-di oxo- 6-
(trifluoromethyl)-5-pyrim dinyl)-L-phenylalanine; N [ 4 June 2004
(2-chl oro-6-neth Iphenyl) carbonyl] -4- [ 1, 3-dinethyl -2, 4-di oxo- 6-
(trifuor oPPéQPMZ)z “5-pyrimdinyl] -L-phenylalanine; or 5 N FPCI/EP00/11884
[2-fluoro-6-(trifluoronethyl)phenyl]carbonyl]-4-(1,3-dinethy-2,4-

di oxo-6-(trifluoronethyl)-5-pyrimdinyl)-L-phenylal anine. Particul ar
conmpounds in connection with iv) above ang selected from N |

(2-chl or o- 6- et hyl phenyl )carbonyl] -4-(1, 3-di net hyl -2, 4-di oxo-5- 10
pyri m di nyl)-3-net hyl - L- phenyl al ani ne;

N-[ (2, 6-dichl oropPahyMﬁcmﬂqudbuﬂeéﬂneaﬁﬁhwﬁhhlﬁka&, 4- di oxo- 5-

TS D AT Sl SR T

| n conpoundspantylidattsoniyliviephemybalafing;he forrrul a I b defined above, ,N,
,OR5 R4 HN- -CO s defin Ln for ‘e

| over alleyl: R3 N E{l- v%’*’thﬁf"vk%% lf%ﬁpl Pgn @F‘b‘b‘gm Eg%’?’lﬁr'ﬁﬁ? Yl%rdlfaww ., or

| ower al kyl Sﬁﬁnmsd.lhyl HLeopfenylataniidot ower al kyl ; and R6 is hydrogen, | ower

al kyl , Iovver al kyl rbn ormula P-3 as

defi ned i n fornul éc(? ‘?‘%‘yg%}éﬁ%ﬁ%ﬁi#?ﬂ?fé'% W&@gﬁ&g‘ [L‘e@m formula I, it
i s al so pr efmethegyetld)cy@bpértylicaiionyd]-DiphtaylalhiaeY- 3 as defined in forml a
I, where R25 is a group of fornula R2$--(CHZ) , Wherein R26 is | ower

al koxy, Qis - (CH2) f-, eis an integer fromO to 4, and f is an integer

fromO to 3. In sIucdmoﬂﬁrgrm:pmfndﬁ:pohhdé@ftﬁi’s@zﬁ\ﬂﬂhﬁeﬂofﬂﬁtfo&ulam& R3 are | ower
alkyl, R4 is hydhi)gen or | ower

!
OYN ORS
RS’N =

R4

HN" “CO,R,

R/ O

10 where R, is as defined in formula I, R; is lower alkyl; R;

is lower alkyl; R, is hydrogen, perfluoro lower alkyl, or lower alkyl, Rs is hydrogen or
lower alkyl; and Re is hydrogen, lower alkyl, lower alkylcarbonyloxy lower alkyl, a
group of formula P-3 as defined in formulz I or a group of formula P-4 as defined in
formuia I, it is particularly preferred that R; and R are lo;ver alkyl; and Ry, Rs and R

15 are hydrogen, especially where R, is a group of the formula Y-1 as defined in formula
I, preferably where R22 and R23 are independently lower alkyl or halogen; and Rog4 is
hydrogen or where R2 and R23 are independently hydrogen or halogen; and Ry4 is

lower alkoxy.

20 In the compound of the preceding paragraph where R; and R are lower alkyl;
and Ry, Rs and Rg are hydrogen it is also preferred that R, is a five or six membered
heteroaromatic ring bonded via a carbon atom to the amide carbony! 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

25 alkyl, cycloalkyl, halogen, cyano, perflucroalkyl, or aryl and at least one of said
substituted atoms is adjacent to the carbon atom bonded to the amide carbonyl.




al kyl; and R5 and R6 are hydrogen. 4 June 2004 WD 01/42225 PCT/ EPOQJ 11884

13 Particul ar conpounds in connection with this are 4 June 2004
4- (1, 3-di get hyl.- 2, 4-di oxo-5-pyrimdinyl)]-N][[1-(2-methoxyet hyl)cycl o-
pentyl] ¢ WP -L-phenyl al anine; N [ [ e pobisss

1- (2- met hoxyet hyl ) cydopentyl ] car bonyl ]-4-(1, 3,6-trinmethyl -2, 4-di oxo- 5-
5-pyri m di nyl)-L-phenyl al ani ne; or

4- (1, 3-di et hyl - 6-net hyl -2, 4-di oxo-5-pyrinidinyl )-N-[ [ 1-(2-

met hoxyet hyl ) cycl opentyl] carbonyl] -L-phenylalanine. In another group of
conpounds of this invention of the fornmula Ib: 12 ON 1-OR3NR4 R HN\
'CO 2 6 10 Rl dmtrerceniRound ofthegehittinghte parhgaphiwhere RRthd B drolvever al kyl ; R3

=g i ol S o bt b Y
al kyl car bonghed$ ab defirredah fgrimulal, pgeferablyothekoRpgiisa grodp asfottillaned i n fornul a

| or a grou of(ﬁ&orrmla P-4 as defined in formula I, it is particularly
preferred t 2)zﬁTld’u«rﬁ&f-:'wrE:?_Gi_s\lrasarerzialldoq:y,lQisaﬁ@l-liﬁ)f-,F.Qi'sann'ﬂtegﬁ-Eiltﬁnarmz

formuta | - SRS IR P 1453 AR Zar c | ndcpendent 1y | aver al Kyl o
yclrogen or hal ol saitingie of e cubidimt O3B FAPARSCARBUIE br ¢ he
precedi ng pwhagr Rpis hpiesgen RawarndkyR3ubstitutedWsweralliel lor aryind R4, RS and R6 are
hydrogen 1t 1s a5 10 peh, 1ower ALy, sabstituted lower 2l of aay agdC o

R* is hydrogen, halogen, lower alkyl, substituted lower alkyl or aryl, i.e. the

10 second particular embodiment, _

R' is Y-1 wherein Ry, and Ry; are as defined in formula 1. Preferably Ry, and

Ry are independently lower alkyl or halogen; and Ry4 is hydrogen, or Ry, and

Rys are independently hydrogen or halogen; and Ry, is lower alkoxy.

In another embodiment of the second particular embodiment,

15 ~ R'isY-2.Ina further embodiment of the second particular embodiment, R!
is Y-3, especially wherein R;s is a group of formula Rys-(CHy).-, wherein Ry is
lower alkoxy, Q is —(CHj)g-, e is an integer from 0 to 4, and fis an integer
from 0 to 3, preferably 2.

In a2 more specific embodiment of the second particular embodiment
20 R?is lower alkyl;

R? is lower alkyl;

R* is hydrogen, lower alkyl or halogen;

R’ is hydrogen and R® is hydrogen.

A preferred embodiment within this more specific embodiment is wherein R*
25 is hydrogen. Within this preferred embodiment R; is Y-1 as defined in formula I,
especially wherein Rz; and Rys are independently lower alkyl or halogen; and Ra4 is
hydrogen or wherein Ry; and Ry are independently hydrogen or halogen; and Ry, is
lower alkoxy. With in this preferred embodiment R, is also optionally Y-2 as defined
in formula I or R, is optionally also Y-3 as defined in formula I, especially wherein in
30 Y-3 Rys is a group of formula Rys-{CH,).-, wherein Ry, is lower alkoxy, Q is —(CH,)e-,
e is an integer from 0 to 4, and fis an integer from 0 to 3, preferably 2.



. anot her enbodi nent of the

het eroaromatic ring bonded via a carbon atomto the am de carbonyl wherein
said ring contains one, two or three heteroatons sel ected f4#dwia ¥04roup
consi sti ngvof N, _0 and S and one or two atons of said ring are

i ndependeNY® §1/&3B%t i tuted by | ower 25 al kyl, cycloal kyl, hBCEER/1188%ano,
perfluoroal kyl, or aryl and at |east one of said substituted atons is

adj acent to the carbon atom bonded to the am de carbonyl. .4 June 2004 WO.
01/ 42225 PCT/ EPO0/ 11884 14 In the conmpoubd of the penultinmate paragraph
where R2 and R3 are lower alkyl; and R4, R5 and R6 are hydrogen it is also
preferred that R, is a group of formula the Y-3 as defined in formula 1,
preferably where R25 is a group of formula R26-(CH2)e , wherein R26 is

| ower al koxy, Q i S, tCH2) f- ~e i,S an ,nt ., from0O.to 5 4, and f is an
integer fromo t & dg,léod}a@’ear%'sfe{feé Fn}%r?dgﬁ?ﬂe‘ﬁ’gﬁemﬂf IPRHRUQES 2 RRMPABRY ment
of the conpedtodfonfiuladrnula 1, where R2 is hydrogen, |ower alkyl,
substituted | ower al kyl or aryl; R3 is hydrogen, |ower alkyl, substituted
| ower al kyl oroarﬁ; nd R4 i s hydrogen, hal ogen, |ower al kyl, substituted
| ower al kyl or . the 10 second particular enbodinent, R is Y-1
wherein R22 and as defined in formula |I. Preferably R22 and R23
are independeﬁ?fy | kyl or hal ogen; and R24 is hydrogen, or R22 and
'R23 are independeiid y ogen or hal ogen; and R24 is |ower al koxy. In
econd particular enbodinent, 15 Rl is Y-2. In a
further enbodi ment of tRR"S Rd particular enbodinent, Rl is Y-3,
especially wWherein R25 ig. a group of fornmula R26-(CH2)t-, wherein Rib is

| ower al koxy, Qis -( YR, e is an integer fromO to 4, and f is an
integer fromO tgQ 3, prefertgbly 2. In a nore specific enbodi nrent of the
second par t WagTelR Reltgsgennpfthe Sgmwla ¥sl | ower alkyl; R3 is lower alkyl; R4
i s hydrogen, hgwer al kyl or halogen; R5 is hydrogen and RR is hydrogen.

=

I
=
Ré Rz3

Y-1 :
wherein Rp2 and R23 are independently hydrogen, lower alkyl, lower alko:;cy, ‘
_ cycloalkyl, aryl, arylalkyl, nitro, cyano, lower alkylthio, lower alkylsulfinyl, lower alkyl
10 sutfonyl, 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;R; is lower alkyl;R; is lower alkyl;R, is
hydrogen, or lower alkyl; Rs is hydrogen; and R is hydrogen.

15 A more preferred embodiment within the above embodiment of the present
invention is a compound of formula I above wherein R, is a group of the formula Y-1
Ro2
N

l
.

R{; Res

Y-1

wherein R27 and R23 are independently hydrogen, lower alkyl or halogen, Ro4 is

20 hydrogen or lower alkoxy;R; is lower alkyl; R; is lower alkyl; R4 is hydrogen, or lower




A preferred enbodinment within this nore specific enbodinment is wherein R4
25 is hydrogen. Wthin this preferred embodinent Rr is Y-1 a$Jerg29f¥d in
formula | ¢ ecially wherein RR2 and R23 are independen':ﬁlaé | ower al kyl or
hal ogen; 3R ?@3&3 hydrogen or wherein Rn and R23 are i nBehERWE1Es4y .
hydrogen or hal ogen; and Rz4 is |ower alkoxy. Wth in this preferred
enbodi nent R1 is also optionally Y-2 as defined in formulal or R is
optionally also Y-3 as defined in formul¥ |, especially wherein in 30 Y-3
R25 is a group of fornmula R26-(CH2),-, wherein R26 is |ower al koxy, Qis
-(CH2) f-, e is an integer fromO to 4, and f is an integer fromO to 3,
preferabl y 2kylRsishydpegsa; and Rytis lopzr sikpichvepabyageaylosy kodirulkphak | y, a
preferred e?gg&iag?@ydggeﬁ.he present invention is a conpound of the formula
l: 12 O N 10 RS3 AN- -CO2Rs 0 5 wherein R is a group of the forrmula Y-1I
Y-1 wherein R22 and R23 are independently hydrogen, |ower alkyl, |ower

al koxy, cy - | . , thip,, | ower
al kyl sul fi n)%lln faﬁ%eg kerfelg‘fc?gﬁb%%gﬁ %e F&%\?\%‘F&g‘?{g %n%%ﬂ%%uﬁado%fﬁ Fb al

per f | For ol oRepveatheysin Kn s afivel azaitmembered hie foazombatiiifg bandddhés a tavhon

hydr ogen; agg, | ralkoxy,, aryl itro,
cyano, | ower gﬁ)ﬁhbgﬁ??%nyi , iovrfh_ﬁal Osagdn%c? 5‘911“ 0\%% t"é’?&’gl‘l’,f%x‘?%fqag%%
al kyl : R4 i sSdM@@B@C@OHPGQMMEWN, QRd S/ dncogyetwp atonhs Rbsaidsrihy dr ogen.
15 A nore pLgf: ' 1§ hi odi nent of the present
i nvention iéfefaﬁ%%%ggung g#’m?g#egm%g&&gg%\gﬁ%%@f@ﬁwgaﬁogroup of the
formul a Y- 1perflsemallyl, or aryl and at least one of said substituted atoms is adjacent to the

10 carbon atom bonded to the amide carbonyl; R; is lower alkyl; R; is lower alkyl; R, is

hydrogen, perfluoro lower alkyl, or lower alkyl; R is hydrogen; and Rg is hydrogen.

Another preferred embodiment of the present invention is 2 compound of Formula I
above wherein R, is a group of formula Y-3 which is a 3-7 membered ring of the
15 formula:
R25
Q—t—o

Y-3

wherein R25 is lower alkyl, unsubstituted or fluorine substjtuted lower alkenyl, or a
group of formula A26~(CHae~ Ryg is aryl, heteroaryl, azido, cyano, hydroxy, lower
alkoxy, lower alkoxycarbonyl, lower alkanoyl, lower alkylthio , lower alkyl sulfonyl,

20 lower alky] sulfinyl, perfluoro lower alkanoyl, nitro, or Ry is a group of formuta -
NR28R29, wherein R28 is hydrogen or lower alkyl, R29 is hydrogen, lower alkyl,
lower alkoxycarbonyl, lower alkanoyl, aroyl, perfluoro lower .alkanoylamino, lower
alkyl sulfonyl, lower alkylaminocarbonyl, arylaminocarbonyl; orRz8 and Rpg, taken
together with the attached nitrogen atom, form a 4, 5 or 6-memberéd saturated

25 heterocydlic ring optionally containing one additional heteroatom selected from O, S,
and N-R40,Q is -(CH2)f O-, -(CH2)£ S-, -(CH2)§ N(R27)-, -(CH2)f-.R27 is H, lower
alkyl, aryl, lower alkanoyl, aroyl or lower alkoxycarbonyl,R4q is H, lower alkyl, aryl,
lower alkanoyl, aroyl or lower alkoxycarbonylthe carbon atoms in the ring are
unsubstituted or substituted by lower alkyl or halogen,e is an integer from 0 to 4, and



R24 Y-1 wherein R22 and R23 are independently hydrogen, |ower alkyl or

hal ogen, R24 is 20 hydrogen or |ower al koxy;R2 is |ower al ky}Jurr32GC4 | ower
al kyl ; R4"4',§ hydrogen, or |ower 4 June 2004 WO 01142225 PCT/ EPOO/ 11884 16
al kyl: R5 0”%%gen; and R6 is lower alkyl, lower alkyl cBEHEPAI1488# | over
al kyl, or preferably hydrogen. Another preferred enbodi mrent of the present
invention is a conpound of Formula | 5 above wherein RF is a five or six
menber ed heteroaromatic ring bonded via ¥ carbon atomto the ami de carbonyl
wherein said ring contains one, two or three heteroatons selected fromthe
group consisting of N, O and S and one or two atons of said ring are

i ndependent Ifys & iBsses few@ 18y3; Rovsdewer algiiRs is\leweralkyls Ry ib hydrogen, perflaoro

per {1 uor oal Wl ity A wdatloR, s43810;A%AMR 52 stituted atoms is

adj acent to the 1 cér b“(,)n atomsbso deod’ t'o tt?ésqiﬁ' é carbonyl; R2 is |ower
alkyl; R3is lower alkyl; R4 is hydrogen, perfluoro | ower alkyl, or |ower

al kyl; RS | St Bbfl 10RRred 3 oBinkh JFYSY 0GR irdBRIAHSS aROEIBLASSs ATQH rent  of

the present invention_is a conpaoun abov erern

group of forhevewhergnfhishgrogp®f rmule¥idevkich isiafy7 ofemnbrred Bng of thal a: R25 Q
Y-3 wherei §pfR4Rai S | ower alkyl, unsubstituted or fluorine substituted

| oner al kenyl, or a group of fornula R26-(CH2)e , R26 is aryl, heteroaryl,
azi do, cyano, hydro | ower al koxy, | ower al koxycarbonyl, |ower al kanoyl, -
| ower al kyl t hi o, d r_al kyl sulfonyl, 20 | ower alkyl sulfinyl, perfluoro

| ower al kanoyl, njytrjo, or R26 is a group of fornmula - NR28R29, wherein R28
is hydrogen or |owef . al kyk, R29 is hydrogen, |ower alkyl |ower

al koxycar bonyl, | ower al kanoyl, aroyl, perfluoro | ower al kanoyl am no, | ower
al kyl sul f onsherein Bpgis agrdayp afﬁonnuhr'%lﬁéﬁﬁ'ﬁ@e‘r,wmfdﬁﬁ Rog &y lowsydlkogt R28 and
R29, taken .ogfé{}g&;vw.th I he a}:.rt ached nitrogen ato forma_4, 5 or

(43

6- menber ed N » €1s an mteger from 0 to 4, and f1s2n integer from 0 to 3; R, is lower

10 alkyl; R; is lower alkyl; R, is hydrogen, perfluoro lower alkyl, or lower alkyl; Rs is
hydrogen; and Ry is hydrogen.

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

liiS
Os N R4
YOy ws
HE’N
5 )
il
HN O‘P2
i
P, O
15 wherein R?-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 butyloxy-
carbonyl (Boc) or the carbobenzyloxy group and P, is a standard carboxy protecting
group such as lower alkyl or substituted lower alkyl. These compounds are useful
intermediates in the preparation of the compounds of formula I.

20 | |

The compounds of the invention inhibit the binding of VCAM-1 and

fibronectin to VLA-4 on circulating lymphocytes, eosinophils, basophils, and
monocytes (“VLA-4-expressing cells”). The binding of VCAM-1 and fibronectin to
VLA-4 on such cells is known to be implicated in certain disease states, such as



25 heterocyclic ring optionally containing one additional heteroatom
selected from0O, S, and NRO,Qis -(CH2) f 0-, -(CH2) 1|‘k5-‘}Jle(e@%4}‘
N(R27) -, ¢ f-,RR7 is H lower alkyl, aryl, |ower alkanoyl, aroyl or

| over al k‘é’%/cac_@%ﬁzényl ,R40 is H, lower alkyl, aryl, [ower &1‘1?_5‘?@941!83& oyl or
| ower al koxycarbonylthe carbon atons in the ring are unsubstituted or
substituted by | ower alkyl or halogen,e is an integer fromO to 4, and 4
June 2004 WD 01/ 42225 PCT/ EP00/ 11884 17 is an integer fromO0 to 3; R2 is
| ower aikyl;R3 is lower alkyl; R4 is hydrogen, perfluoro |ower alkyl, or

| ower aikyl;R5 is hydrogen; .and R6 is hydrogen. A nore preferred enbodi ment
of the pr es@ﬁﬂmm}éﬁmﬁ%v%ﬂ@@éﬁ%mﬁd’ﬂéﬁWWIb@“ﬁd diseastyond partisnleily R i s
a group of #ahEbiing of e8thPhilstoRirday eRIRANEH whidhdoBirildis toftd ks R25 Q
Y-3 wher eiln R25 | s%a ger.oup of 19or rrufg Reg- (CH2) e ,O\Aﬁ%r el nol§2§% |js?? ower

al koxy, Q ihelyngipflammation whighoscureigasthmaokigs, the compavands of the gmestatt eger
fromO to 3vRdid %ﬁéﬁ%ﬂfo edsVhentRF Al ower alkyl; R4 is hydrogen,
perfluoro | ower (?I yl, or 1ower alkyl; I's hydrogen; and R6 is hydrogen.
| n an®t her aspect the present invention relates to conmpounds of fornula ||

R3 I OYNYRA RS o} tf@bdiisQf irldiphbitity oftnifibitig binding of VCAM-1 and
fibronectin to VLA-4 on circulating lymphocytes, eosinophils, basophils, and

monocytes, the compounds of the invention can be used as a medicament or as a
pharmaceutical composition especially for the treatment of disorders which are

10 known to be associated with or mediated by such binding. Examples of such
disorders are rheumatoid arthritis, multiple sclerosis, asthma, and inflammatory
bowel disease. The compounds of the invention are preferably used in the treatment
of diseases which involve pulmonary inflammation, such as asthma. The pulmonary
inflammation which occurs in asthma is related to the activation and lung infiltration

15 of eosinophils, monocytes and lymphocytes which have been activated by some

asthma-triggering event or substance.

Furthermore, compounds of the invention also inhibit the binding of VCAM-

1 and MadCAM to the cellular receptor alphad-beta7, also known as LPAM, which is

20 expressed on lymphocytes, eosinophiles and T-cells. While the precise role of alpha4-
beta7 interaction with various ligands in inflammatory conditions such as asthma is
not completely understood, compounds of the 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

25 that compounds which inhibit alpha4-beta7 binding to MadCAM or VCAM are
useful for the treatment of inflammatory bowel disease. They would also be useful in
the treatment of other diseases in which such binding is implicated as a cause of
disease damage or symptoms.

30 The compounds of the invention can be administered orally, rectally, or
parentally, e.g., intravenously, intramuscularly, subcutaneously, intrathecally or
transdermally; or sublingually, or as opthalmalogical preparations, or as an aerosol in
the case of pulmonary inflammation. Capsules, tablets, suspensions or solutions for



15 wherein R2-R$ are as defined in fornula | and Pl and P2 each are a
protecting group. Mire particular, Pl is a standard nitrogerf $#6t8¢ ng
group such as tert.butyl oxy- carbonyl (Boc) or the carbobenzyl oxy group and
P2 is a sWV&M&P¥Scarboxy protecting group such as |ower XCH{EPO¢11834
substituted | ower al kyl. These conmpounds are useful internediates. in the
preparation of the conmpounds of forrmula I. 20 The conpounds of the

i nvention inhibit the binding of VCAM118nd fibronectin to VLA-4 on
circulating | ynphocytes, eosinophils, basophils, and nonocytes
("VLA-4-expressing cells"). The binding of VCAM1 and fibronectin to VLA-4
on such celdrel administsatiohsuppositapies, ¢ajeetibni sohutivnt, ayadfbps salves sl ks, such as

4 June 2004 . 01/ 42225 PCTLERP00O/.1188-1 18 rheunatoid arthritis, nultiple
sclerosi s, SRR SRR L FIRPEALEN TR par 11 cul ar [y i the. bi ndi ng of
eosi nophils to airway endotheliumwhich contributes to the cause of the

l ung i nflammati whi ch occurs in asthma.. Thus, {he.conpounds of the
present inventi aﬁ?‘éouﬁslﬂ'ﬁapuf‘aﬂart%j]?rr@g{'ﬁﬁ% aggpInitratipy 18 "’!‘)P’G?F“teﬁe basi s
of their capahidfiube Tl‘lie doshgebin Whﬁhlﬂhd%ﬁnﬁ}@rllmfis Uﬁg%ﬂveﬁﬂlsn afeiéahﬂﬂﬂd &) 1O
VLA-4 on ci.xcylatin ocyt.es, eosi nophil,s, basophjls, an nonocyt es,
Uhe. compourietbrvERmIILHPENTIog 4R SHorCE ! 1 weBar R e pntshegge

phar maceut izdlthe fetadrehienfivf Sedyrtient dnd themddeof idfiRlidREonOD@igeo g he Whi ch
are 10 kno to.be, associated. with or rrec{;yﬁéﬂed by .such .bi ndi.ng. Exanpl es of

such  di sortf&FTiBgdbY sy oRYetipnal mesns: §-&; brAnse igtiting elinical suals. Twsrthe, and
i nf | ammat orijtventowdhrtlbs@aRfises et AT Westingd hdshouffaring Hon? B dde&el ef er ably
used (Ln t he t,re%;l@t %ﬂdl se,a%es _whi th_Ir}lbnvoI ve pul nbnary inflammti on,
suchl%s astieh VEndMpuerirarsrunpmdingieal lnt-cresring edlls ise fansativerianton s
related to jhlfige diSdabd/ HohBmd B dhidii By HdinlihisRting An AoRht S0SIIMPRIdF
nonocyt es d. I‘)/ hocyj.es Wmﬁl@g have been ﬁ{a?gtlva_t ed hy sone
asthma-tri 36%1’1 ﬁ‘gg)‘é‘%' gt 19, E”é CAM prifhaensstia bindipgto Weh-4of t he
i nvention akRsdihidls bo tHaesdd BhRBnRior YidNhmiodi fedVRECAVEL RSN Gosagds! Ul ar
recept or alptz 4-bet a7, als nown.as LPAM which is,
of about 0.1-100 mg/kg body weight per day are preferred, with dosages of 1-25
15 mg/kg per day being particularly preferred, and dosages of 1-10 mg/kg body weight

per day being espeically preferred.

In another aspect, the invention relates to the use of a compound of the present

invention or a pharmaceutically salt thereof for the preparation of a medicament for the
20 treatment of disease states mediated by the binding of VCAM-1 or VLA4 or VLA4-
expressing cells, especially in the treatment of theumatoid arthritis, multiple sclerosis,

inflammatory bowel disease and asthma.

In another aspect the invention further relates to medicaments or
25 pharmaceutical compositions comprising a pharmaceutically effective amount of a
compound of the invention and a pharmaceutically acceptable carrier. It also relates
to a process for the preparation of 2 pharmaceutical composition which process
comprises bringing a compound of the present invention or a pharmaceutically
acceptable salt thereof, and 2 compatible pharmaceutical carrier into 2 galenical
30 administration form. Such compositions may be formulated by any conventional

means. Tablets or granulates can contain a series of binders, fillers, carriers or



20 expressed on | ynphocytes, eosinophiles and T-cells. While the precise
rol e of al pha4- beta7 interaction with various ligands in inf{ y
conditions such as asthnma is not conpletely understood, conpounds of the

i nvention which inhibit both al pha4- betal and alpha4-beta7 receptor

bi nding are particularly effective in animal nodels of asthma. Furthernore
work with nmonocl onal antibodies to al$ha4-beta7 indicate 25 that conpounds
whi ch inhibit al pha4-beta7 binding to MadCAM or VCAM are useful for the
treatment of inflamuatory bowel disease. They would al so be useful in the
t reat ment of other di seases i n which such binding is inplicated as a cause

of di seas The conpoun e invention can be
adni ni stere ora %/‘B& %ESB% ﬁgEScaﬁ%e @ %xafrg:ﬁ &5 ?ﬁf@ﬁ*?é‘(ﬂﬁﬁfsl Y,
i nt r anus cufrdsdble salutionit éqmles can cermim aﬁlﬂemrr ﬂd.lcilénerﬁli addifles tdHectify

subl i ngual a |cal Irons r a an aerosgol in the
case of pu*rbr‘?rr)ergér? ?Hﬂﬁgrrzrnrét ﬂ’g ceisually sol uti ons
for 4 Juneu@dmw@eﬁmggmmgrmm i&%gahﬂeﬁirﬂ&lfyﬁ‘@ﬂ Bhis bk @kl 89,

supposi t.or ct L;,on solutrons ps l.ves or sol utions
are exan%léeagég ak&ﬁn #}5‘7’551 QUSRS Fr’sb'%g & dquP&qa&r?fF@élﬂPéﬁsenbr al or

i nhal ati on adnlnrstratron |s a preferred 5 form of use. The dosages in

whi ch the conpogﬂds of t ion are agg1né ered in effective anounts
depending on th B{evfoé’s ng ETTF Tl ‘é‘f"éﬁ)‘i"@@mﬂrﬁé%e and the
requir erremcmvalfttmrMphaﬂm:EBQUc&ﬂ)ﬂadcbﬁabiﬁd%aﬂfc rddrghmsit bdstRites, Pgs ages maybe
determ ned .by any conventional neans, e.g., by dose-limting ¢linical
trials. Thus, the invention further conprises a nmethod of treating a host
suffering fronra di sease in 10 which VCAM 1 or fibronectin binding to
VLA-4-expressing cells is a causative factor in the disease synptons or
damage by adm ni stering an anmount of a conpound of the invention
sufficient to inhibit VCAM 1 or fibronectin binding to VLA-4- expressing
cells so that said synptons or said danage is reduced. In general, dosages
of about 0.1-100 ng/ kg body wei ght per day are preferred, with dosages of
1-25 15 ng/ kg per day being particularly preferred, and dosages of 1-10
ng/ kg body wei ght per day being espeically preferred.



I n anot her aspect, the invention relates to the use of a conpound of the
present invention or a pharmaceutically salt thereof for théJpreddiation
of a nmedicanent for the 20 treatnent of di sease states nediated by the

bi ndi ng of VY85 or VLA-4 or VLA-4 expressing cells, espeRCHEPS/§I884 he
treatnment of rheumatoid arthritis, nmultiple sclerosis, inflammatory bowel
di sease and asthnma. I n another aspect the invention further . relates to

medi caments or 25 pharmaceutical conposi2d ons conprising a pharmaceutically
effective anount of a conpound of the invention and a pharnaceutically °
acceptable carrier. It also relates to a process for the preparation of a
phar maceut i dakercgalpsione lartose, siaickhmpgosbes stearateptals gambirabigipotyatkylepepound  of

t he present YEDLS Bk 18k @ pharmaceutically acceptable salt thereof, and a
conpati bl e %r maceutical carrier into a galenical 30 adm nistration form
Such conpositions may be formul ated by any conventional mneans. Tablets or

granul ates can c ' } es_of .bi rs,. killers, carriers qr 4 June
2004 19a di |l uent ?}%‘gbﬁ%‘%&fﬁp@%is f}b%ssqad@gé aBg,caRs&[es’éfﬁﬁﬁb ' COPAR 01} ¢y of
a sterd | e wab exgtorlidfe indy of azotpbinnd of tEefsvdndoncan contain a filler or
thickener in addition to the active ingredient. Furthernore,
flavour-inproving additives as well as substances usually used as

preserving, stGdierallyithgcompowmtdsétitegirasent ingertivth @mMbePréparairaasnisblias wel |
as 5 sdlts i t 0SHDY | ressuyre, buffers .and_other additives
can al so beggérng!ag{{%{{'gg%‘g TEVIoLE Fvied reatiop it Ad-drlost4- and :

di | uent s cadioxoppimilnany conventional pharmaceutically acceptable organic
or i%rgani c substances, e.g., 4 June 2004 WO 01142225 PCT/ EPOO 11884 20
wat er’,” gel atine, |actose, starch, magnesium stearate, talc, gum arabic,

pol yal kyl ene Ay showhdn BeaktiohsSchérie1, «a-tJdoui 4-bOmakedyRldtine SflnAs tabl ets
The | nvent | BIEeriF ARy Ao 2 R GHRA Lo I FESBRYe 2 FERch ks an bo
prepar ed f rhydregid, alilogo, lhaaldybbribiveallieiy, Palk a \hdiidhifopd] pradicufy cat al yzed
reaction w érb)u% sich'S aOEozc’, o carbobenzyloxy group and P; is lower alkyl or substituted
15 lower alkyl selected appropriately to serveas a protecting group or an element of a
prodrug. The group P; can be introduced by conventional means familiar to those
who practice peptide chemistry. The order of the addition of P; and P, is not 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.
20 M. Wauts., 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 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
25 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 Ry” and P,. Conversion of compounds of formulg 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
30 tetraalkoxydiboron in the presence of 2 source of palladium zero. The methodology is
outlined and referenced in F. Diederich and P. J. Stang, ed, Metal Catalyzed Cross
Coupling Reactions, Wiley-VCH, Weinheim, Germany, 1998.



di oxopyri m done. 10 As shown in Reaction Schene 1, a 4-iodo- or

4- br onophenyl al ani ne derivative such as 1, is converted int$Jane2@4ect ed
phenyl al ar\#’@?}ﬁﬂ vative 2 in which R5' is hydrogen, chloro, |ower alkyl

or |ower a #2251 is a standard nitrogen protecting groPGIEBROAIISS a Boc,
or carbobenzyl oxy group and P2 is |ower alkyl or substituted 15 | ower aIkyI
sel ected appropriately to serve as a protecting group or an elenent of a
prodrug. The group P2 can be introduced B} conventional neans famliar to
those. who practice peptide chem stry. The order of the addition of Pl and
P2 is not critical and will depend on the particular choice of reagents. A
di scussion of the use and introduR¢ictan&themet.ecting groups i s provided in
Theodora W Greene and Peter G 20 M, Wits., Protecting QOups in Organic
Synt hesi s, MIIeRSInterSC|ence New , 1991 Alterﬂatl ely, a conpound
of formula IX -,.N converted to &~eOwpound of formul & n which R
represents a c '

) conveni ent
method is to intToduce the—ester group P2 fIFSP—_LGLJOWEO by} a coupling
reaction of the Ine using conyermy8hal peptide cough wg-Peagent s,
for exanple 25 he presence qof alltertiary amne b
dlethyllsopropylanlﬁa Again, the paﬁtlgular choi ce of reage ts may
dictate altering the sequence of the in@roduction of R1' and3P2.
Conversi on of c ' B or 5, in which
M r epresent sX ed by treatnent
with a suitabl eci-es, utyldltln or a
30 tetraal koxy
nmet hodol ogy is ou
ed, Metal Catal y2¥d ffrods Coupling Mpac |oﬁ% W | ey- VCH, jﬁf

CGer many, 1998. 4 Jun® 2004 WO 01/ 482 22 React i on Schegp 0@P2 30

Pyrimidine-2,4-diones (uracil derivatives) of formula 6 wherein Ry is
5 hydrogen, lower alkyl or perfluorolower alkyl are well known in the literature or can
be made by known methods. 1,3-Disubstituted pyrimidin-2,4-diones of formula 7
wherein Ry and R are Jower alkyl, aryl lower alkyl or aryl are also known
compounds or can be prepared by standard procedures. Papers reporting synthetic
methods for their construction include: Shigeo Senda, et al. Chem. Pharm. Bull.

10 1974, 22, 189-195, Chem Pharm Bull 1972, 20, 1389-1396, and Yasuo Morita, et al,,
Chem Comm. 1997 359-360. For the case where R2’ and R3’ are lower alkyl or aryl
lower alkyl, compounds of formula 7 are available by alkylation of compounds of
formula 6 by treatment with an alkylating agents such as iodomethane,
benzylbromide, h]lyl bromide in the presence of a base such as potassium carbonate

15 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 formuta 6 or 7 as defined above may be halogenated
in the 5-position by treatment with conventional halogenating reagents such as
bromine, N-iodosuccinimide or N-bromosuccinimide in a suitable solvent such as

20 glacial acetic acid or aqueous acetic acid to give halopyrimidines of formula 8, X = Br
or I, Ry and Ry are independently hydrogen, lower alkyl, aryl lower alkyl or aryl, Ry =
hydrogen, lower alkyl or perfluorolower alkyl.




10-P200B" .0 %ly OP2 5 Pyrimdine-2,4-diones (uracil derivatives)
of formula 6 wherein R4 is 5 hydrogen, |ower alkyl or perfl ubddieodd al kyl
are well kpnown in the literature or can be made by known net hods.
1, 3- Di subHY & pyrimidin-2, 4-diones of formula 7 wher RGT/ERI0/1IR8H R3-
are lower alkyl, aryl lower alkyl or aryl are also known conpounds or can
be prepared by standard procedures. Papers reporting synthetic nethods for
their construction include: Shigeo Send@2 et at Chem Pharm Bull. 10
1974, 22,189- 195, Chem Pharm Bul | 1972, 20, 1389-1396, and Yasuo Mrita, et
al., Chem Conm 1997 359-360. For the case where R2' and R3' are | ower
al kyl or aryl lower alkyl, conpounds of fornula 7 are avail abl e by
al kyl ati on of conpounds of fornula 6. b reatment with an al kyl ati og
agents such as i odomet hane, benzyhﬁ?%r?f‘éé‘?’ergf yl bromide in the presence of
a base such as potdslssi um car bonate 15,and optionally, a ghase transfer
catal yst For lessjfeactive alkylating fgents, it nayrhe ecgssary to use a
stronger base s an al kali net %xi de and to Neafjfthe reaction
m xture. Conpounds &f formura6or 7 as Klefi ned—above m&yb '
the 5-positi onObyNregfment with c NUi dhal hal ogeng’ti
bromi ne; N-iodosu&kininmide or N-bronosHccinimde in a suiRdbl e sol vent such
as 20 gl acial acetgc acid or agueous acetic acid to give rgal opyri m di nes of
formula 8, X = Br or .l, R2 and R3 are 1 ndependent!|y hydrdgen, |ower alkyl,
aryl lower alkyl or aryl, Rg. = hydrogen, |lower allcyl or perfluorol oner
al kyl PCTI EPO0/ 11884 .4 June 2004 WO 01/42225 22 Reaction Schene 2.

5 As shown in Reaction Scheme 3, the compound of formula 8 can be used in a

palladium catalyzed coupling reaction with a phenylalanine derivative of formula 3 or
5. For example, when M is a substituted tin, treatment of 2 mixture of 8 and the
phenylalanine of formula 3 or 5 with a source of palladium zero such as
7 tetraakis(triphenylphosphine)palladium or bis(triphenylphosphine)palladium

10 dichloride in the presence of an inert solvent such as DMF at a temperature of
between room temperature and 100 °C gives a 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"majr be accomplished by conventional
means depending on the selection of P,. For eiami)le, if Py is a Boc group, it may be

15 removed by treatment with 2 stfong acid, such as trifluoroacetic acid, optionally in
the presence of a solvent such as dichloromethane and a scavenging agent. The
resulting free amine may then be acylated with an acid of the formula Ry’CO,H using
conventional peptide coupling techniques. For example, by treatment with HBTU in
the presence of a tertiary amine base such as diethylisopropylamine in the presence of

20 an aprotic solvent such as DMF to give the compound of structure 10,

Ifthe 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 alkyl, for example
methyl, it may be removed by treatment with an alkali metal hydroxide, for example

25 lithium hydroxide, in 2 suitable solvent, for example aqueous THF optionally
containing methanol to assist with solubility. If P, were 2 benzyl or substituted benzyl
group, it could also be removed by catalytic hydrogenation over a noble metal
catalyst, for example palladium on carbon.



7 PCTI EPOQO 11884 5 As shown in Reaction Schene 3, the conpound of forrmula 8
can be used in a palladiumcatal yzed coupling reaction w thtdune 2004
phenyl al agy rivative of fornmula 3 or S. For exanple, when Mis a
substit ut %?f’gﬁzﬁreat ment of a mixture of 8 and the pherSFHERMNIIESof
formula 3 or 5 with a source of palladiumzero such as
tetraaki s(tri phenyl phosphi ne) pal | adi um or bi s(tri phenyl phosphi ne) pal | adi um
10 dichloride in the presence of an iner3® solvent such as DVF at a
tenperature of between roomtenperature and 100 oC gives a conmpound of
formula 9 or 10. Conpounds of structure 9 maybe converted into conpounds
of structure 10 by renoval of the protecting group P1, which maybe
acconpl i shed by conventi onal mea@%agfo%eglﬁ' gson the selection of Pl. For
exanple, if Pl is a Boc group, it nay be removed by treatnent with a
strong acid, sumpb as' trifluoroacetic acid, optiofally in the presence of
a solvent swh _as di chl oronet hane and a scaveng@ih ept. The resulting
free amne ma en be acyl ated wrRh an acid of thejforfila Rl' CO2H usi ng
conventi onal pFde coupl i ngy Lechni gyes. For oxd treatnment with
HBTU in the preserfce of a #ertithryyani ne base su a
di et hyl i sopr opylggt ne TPt he p(é RI of 20 an aprotic ent such as DWW
to give the compgundnof struct re.l’O.OIf the free acid 11 ils the desired
end product, the éster group, P2 Ray be renpved by conhffit iIghalP,neans. For
exanple, in the case8that P2 is | oger alkyl, for ex%rrpl e p,nedhyl, it may be
renoved by treatnent with an al kali netal hydroxide, flor exanple 25 lithium
hydroxi de, in a suitable solvent, for exanple aqueous [THE optionally
containing nmethanol to assist with solubility. If P2 re a benzyl or
substituted benzyl group, it could also be renpved by catal ytic
hydr ogenati on over a noble netal catalyst, for exa%rpl e pall adi um on
.carbon. 4 Julr\lﬁe 4 WO 01/42225 23 Reaction Sc@ﬁn/e,{, . /B 3
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5 Alternatively, as shown in Reaction Scheme 4, a compound of structure 8, wherein X

is bromide or iodide, may be converted to a species of formula 12, in which M’

represents a substituted tin, boron or zinc atom. In the case of the tin or boron



RS O P2 O-K N""" O R2' 8 PCT/EP08111884 I3 ,"NR4AR5S R~ NR 3 R5
RS -YN R'I-IN zHNOO 10 R'" OO HNO 11 R, O OH 5 A4 éumeadl0del y, as
shown in Reaction Schenme 4, a conpound of structure 8, wherein X is
broni de oWOi®H4?32 rmay be converted to a species of fornuPETEPIIBWhI ch M
represents a substituted tin, boron or zinc atom In the case of the tin or
boron 4 June 2004
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derivatives, in which M’ represents a substituted tin or boron atom, the conversion
can be effected by treatment with a suitable species, for

Reaction Scheme 4.
RS
, X
R, R,
RE""N X Ra'\N M
A A + o
0T N0 0”0 HN P,
HZ' 7 Rzl R :/ko 0
1

8 i2

example hexamethylditin, hexabutylditin or a tetraalkoxydiboron in the presence of a

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
10 dimethylacetamide at 2 temperature of from room temperature to 100 °C until

conversion is complete to give a compound of formula 12, M’ = Zn(halogen). These



WO 01/ 42225 PCTI EPOQ 11884 24 derivatives, in which M represents a
substituted tin or boron atom the conversion can be effectedun®2@qdeat nent
with a suitable species, for Reaction Schene 4. a X R3,, NXONO R2' 8
10, R 3 YWANYERh~0 it RI' CO4' 0 P2 R3' OYN R4, Y RS BET/FROV/LSSy 5 o
exanpl e hexanethylditin, hexabutylditin or a tetraal koxydi boron in the

presence of a
25

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 niot part of the targeted compound, it
5 can be removed using ester hydrolysis procedures appropriate to the particular P,.
For example,' where P, is lower alkyl, for example methy}, it can be removed by
standard base hydrolysis using an alkali metal hydroxide, for example, lithium
hydroxide. In a variation on this procedure, it may be desirable to carry a protecting
group through the coupling reaction and substitute it at a later time. In this case, a
10 compound of formula 2°, in which P,’ is lower alkoxycarbonyl or benzyloxycarbonyl
and X’ is as defined above, may be coupled with a pyrimidinedione of structure 12 to
give a compound of structure 9 which in turn may be converted to a compound of

the invention using the general procedures noted above in reaction scheme 3.

15 An alternative route to compounds of this invention, as shown in Reaction
Scheme 5, which is particularly applicable to compounds in which Rs’ is other than
hydrogen, is to build an aldedyde of formula 14. This can be accomplished by
reacting a compound of forrnula 12 with a compound of formula 13, in which Rs’
represents lower alkyl or lower alkoxy, and X” represents an iodide, bromide, of

20 trifluoromethylsulfonyloxy moiety and Rg represents a protected alcohol or aldehyde.
For alcohols, suitable protecting groups include silyl ethers, benzyl ethers. Aldehydes,
may be protected as their acetal derivatives. The compound of formula 12 can be
converted to an aldehyde of formula 15 by convertional steps which, when Rg is an
alcohol, would involve protecting group removeal, ifnecesséry, followed by oxidation.

25 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 Ry represents a protected aldehyde,
conversion to an aldehyde of formula 15 can be carried out by a suitable protecting
grouin removal, for example hydrolysis of an acetal with dilute acid. Reaction of 15 to

30 give a dehydroamino acid of formula 16 can be effected by treatment with a Wittig
reagent 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)-




source of palladiumzero. For the formation of the zinc derivative, 12, M
_Zn (hal ogen), conversion maybe effected by treatment of theJwen@®dnd of
formul a g’% X =1 with a source of activated zinc netal in a suitable inert
sol vent, PO e 10 dinethyl acetani de at a t enper at urBCHEPQYIIB84 oom .
tenperature to 100 C until conversion is conplete to give a conpound of
formula 12, M = Zn(hal ogen). These 4 June 2004 WO 01142225 PCT/ EPO0/ 11884
25 conpounds of fornmula 12 can be reacte with a 4-substituted

phenyl al ani ne derivative of fornmula 4° in which X is iodo, brono, or
trifluoromethylsulfonyloxy in the presence of a source of palladium zero
to give a erpmgﬁoﬂéglf@ﬂdmtﬂﬁ'esteﬂiﬂth@ﬁres&ﬁ%%f%ﬁ'ﬁﬁ)léme forleRimpleOUP

represented by P2 is nqt part of the targeted conpound, it 5 can be renoved

usi ng ester t?%ﬁ‘%h)ﬂgﬂ@l‘ﬁﬂg}%@iﬁié@ﬂﬁﬁm dghydreasning acidoffonmule d6.H2 2. For
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is Ibower a: hgiyﬁwﬁmmﬁ-;mggﬁnﬁ%_mwxr&?mmm Lmd:f?lé'zznis&. mad@is,neﬂzﬁbovg, f
maybe coupled with a iy di nedi one of . structure . 0. give a conpound o
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alternative route to.conpounds of this invention, as shown in Reaction
Schenme 5, which is particularly applicable to compounds in which RS is
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acconplished by reacting a conpound of formula 12 with a conpound of
formula 13, in jch R5' represents |ower al kyl ofs|ower al koxy, and X
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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
15 ortho-substituted aryl iodides or triflates may be carbonylated in the presence of




25 Any of the conmon reagents for the selective oxidation of primary benzyl
al cohols to al dehydes maybe enpl oyed, for exanple, treatnment Juije2p04
activat ed Janganese dioxide in an inert solvent In the case where R8
represent sWQ ‘ﬁﬁﬁ?écted al dehyde, conversion to an al dehydBCTEP#ISHIAEE a 15
can be carried out by a suitable protecting group renoval, for exanple
hydrol ysis of an acetal with dilute acid. Reaction of 15 to 30 give a
dehydroam no add of fornula 16 can be efiZcted by treatnment with a Wttig
reagent of formula 17 in which Pi' is |ower al koxycarbonyl or

benzyl oxycarbonyl and P2 is as defined above. For exanple treatment of 15
with ()-N( tf@dzoﬂmy@adm&w spitabld paﬂbadmmamomé@&-@&aﬁeﬁ/&m ibdar4 26

a- phosphono £ f a suitable.b se for
exanpl e t e?drréeﬁrg an| EI £ ‘ﬁ%ggedt ecP%? ksﬂe ?ﬁ’dgﬂ’s}’tﬁ‘r"c}’é‘fﬁeﬁbdﬁbﬁ
formul a 16, 302 th@tmy}’ beeidaiped by diestz ;ddnxagtmardndmzbnzdﬁmrdf iaf aﬁﬂexetfbmmed
reduction ofy 18 can be. effect se of nunber
of reducing zl’g];tgnk'rgeﬁst{}lafﬂ%{%m#%ﬁoﬁde IV 010 PN S 1L &1 inﬁftﬁémggént ly
described etdeyt Wedﬁélﬂﬁ’ﬁe cdrespamiingplismols HyRonkentioldal meansk@els iy tréatmbnt
Nugent , c. 1993 25) usi ng
essenti al | y%ﬁ“ﬁ i ter a&‘dr ESB&%‘%%%%HY%% ﬁﬁ(ﬁm raé?aé‘?ls 38 to the
conpounds GhethWammn/@lempmpﬂethﬁannmmlmdnmkoIUﬁtm éH&anﬂlRHé@éoxpr ocedur es
di scussed a Reac HN' Y P2
18 P," 0O | n%%’ee%fg%’&%ﬁl ghﬁ%g 06%&?&%5‘&!1&9%‘3 i ﬁ‘é‘@ﬁwoé’ is
derived f roMeaﬁﬂentsﬁhsﬂﬁnmmxypb&wm:mdﬁie(ﬁcnm@ﬁfﬁ Alcemboudsiol Z}Jhﬁﬂ
benz OiOC acl %S -at{y%.rc?gle%l, zﬁlEyl chloro, perfluoroalkyl, lower alkoxy with an alkyl Grignard

reagent followed by hydrolysis of the oxazoline ring following the general procedure

described by Meyers, A. L, Gabel, R., Mihelick, E. D, J. Org. Chem. 1978, 43, 1372

1379, to give an acid of formula 20. 2- or 2,6-Disubstituted benzonitriles also serve as

convenient precursors to the corresponding benzoic acids. In the case of highly

15 hindered nitriles, for example 2-chloro-6-methylbenzonitrile, conventional
hydrolysis under acidic or basic 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 99/10312.
20
Reaction Scheme 6
1. AMgClI
2. CH3! o
3. Hydrolysis z
> %,
—_—
o
OCH, zz/ R
20
25 Referring now to Reaction Scheme 7, cydlic 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 employed
using an alkali metal dianion of the acid or monoanion of the corresponding ester.




commercially avail abl e or can be prepared by conventional neans. For

exanpl e 15 ortho-substituted aryl iodides or triflates may beJuwrddy| at ed
in the prgﬁg&gﬁ of 14 4 June 2004 WD 01/ 42225 PCT/ EPOO 11884 27 carbon
nmonoxi de &M tabl e pal | adi um catal yst, The preparati FCHEPM(IEE| odi de
or trifate internedi ates is dependent on the particular substitution ‘
pattern desired and they maybe obtained by direct iodination or

di azotization of an aniline followed by2&reatnent with a source of iodide
for exanple, potassiumiodide. Triflates nay be 5 derived fromthe

correspondi ng phenols by conventional neans such as by treatnent wth
t ri f | uor onmeFargrampls. psndleallsd sybpkylic dcd ester of ferumic 2l ofn tee thasel witleh as

triethylarnj Il -a- lﬁm: ' i nert sal,vent. As shown in
Reacti on Sg %r@agg’ fJ(J)lfle oﬁ_ E%#lﬁﬁrr‘rga%ns oﬁl%gh;@glgnﬁ ‘ﬁ‘g“o‘?f"%&‘-’lgﬂ%sft"F ®benzoi c
aci ds i nvol V& followed tadditiin efigrouprByrbx whieein/Rg xepreddnme: disired/ddé ve such as
conpound 19 0, = a . chl.oro rflyoroal , | ower
a1 Koy wi ¢ netii g bbb e Pl o B B0 B ARGl .
oxazoPi ne ramxdthiedike end hyrepnesents adeavinggroup suthas adesmidedipdidey mivbaesr A | .,
Gabel , R : | m, 197 43 . 1372-- 1379,.t0 gjve an
acid of f o%rrlﬂj ﬂg} %u Pg‘? ng té?%%*’sa %@ﬁSFa?%‘géfﬁgﬁ?ﬁﬂ%O{lfﬁcggn%ﬂbspg%i% as
conveni ent ¢ter@dmearhs hydrelyred ¢o thempbilising dkalvmicral hpdrdside ima sdiebkase of
hi ghly. 15 hj ptriles,. for ex | e 2-chl oy 0- 6- net hyl benzonitrile,
convent i ona% ! %ﬁ?’oily}s"-l’y ey %%‘?%c?igﬁwné’&gf’e "E‘Bﬂﬁ'f]f‘i ‘Efﬁé‘ P’%‘P g ficult and
better resuévestual ergenithe ommpound I3 B4 be t@hled foQih drfink bechRcbRPBAAE T NY
benzal.dehyde foll o xi dation usin chr.om u ased oxi.di zi ng
r eagght e C°ﬁ‘¥?‘ﬁ%‘g‘§’q§? %’%fg gﬁﬁ?‘ﬁ? Pty g-h’*Y%ﬁé jedito gﬁ?‘?ﬁf WOipYatematz 20
Reaction Sciuitablepoint ildHpGhnthesis. GoB &xainpleM€RQ iy s Siddlower alkyl moiety, the

azide may be reduced using for example a trialkyl phosphine reagent followed by

functionalization of the product amine by alkylation, acylation, sulfonylation and

related procedures well known to those skilled in the art. If Ry, incorporates a leaving

15 group, for example, a terminal bromine atom, this group may be displaced by an
appropriate nucleophile, for example, sodium niethyl mercaptide to give in this case,
a thioether which may be the desired product or can be itself further manipulated, for
example by oxidation to 2 sulfoxide or sulfone using standard reaction conditions.
Other nucleophiles which may be empioyed to produce intermediates leading to

20 compounds of this invention include: sodium cyanide, so&ium methoxide, sodium
azide, morpholine and others. When R, incorporates a ketal group, this group may
be hydrolzyed at a convenient point in the synthesis to provide a keto group. This
group in turn may be further manipulated, for example by reduction to an alcohol or
conversion to derivative such as an oxime. |

25

Examples of the application of these methods to the synthesis of compounds of

formula 23 are provided in Chen, et al. WO 99/10313.



19 25 Referring now to Reaction Scheme 7, cyclic adds of fornula 23 are
known conpounds or can be prepared using standard net hodol chiwe 200 t he
preparatign of substituted al kyl- or cycl oal kyl carboxylic acids,

al kyl ati oW Q&2 ns can be enpi oyed using an alkali net ACTHRBBRESES of t he
acid or nonoanion of the corresponding ester. 4 June 2004 WD 01142225 '
PCT/ EPOQO' 11884 28 For exanple, a cycl oal kyl carboxylic acid ester of
formula 21 can be treated with a stron@%ase, for exanple, lithium

di i sopropylam de in an inert solvent, for exanple THE followed by addition
of group R4l-Lv wherein R41 represents a desired side chain, such as a
‘substituted benzyl, |ower alkyl, Ressgionfickemy7al kyl, azidol ower alkyl 5 and
the |ike and L&Q;(ﬁ_gresents a |l eaving group such as a brorgde, .iodide,

nmesylate or s rgroyp Kkpown to Fa g al kyl ati on
reactions. roduct edter 22 may bg

23 using
al kali net al fir oxi de i ma 3 table bous al cohol .

Dependi ng on e nature of R41 and th gventual target, the-Conpound 23
may be coupl eceit o an anmine such as conpgaind i 10 and convert@¥ to the
target directly or R4A1 maybe subject to further manipulation at a suitable
poi nt i n t hin gsparahestho-substitugsdarpinatic adidRtebdedsfonthegmeparatioef al kyl noi ety,

the azide Sl ¢ ) rial kvl phosphi ne reagent

f ol | owed by%ﬁﬁ%c{sﬁa; | zaIt&l i ogglo Btbﬁggﬁ%ﬁ%%x%r%ﬁ%dﬂ? "Ey‘%)‘é‘i'i on,

acyl atsi on, WPPHIOIRZion and related procedures well known to those
skilled in the art. If R4l incorporates a |leaving 15 group, for exanple, a
termnal bromne atom this group nmay be displaced by an appropriate

nucl eophi | e, f orFetheptmhessadfi2udhloretthiylkylbenoipicidiof fangily 28, iwhetdih R48ase, a

i pul at ed 1 ) e pREHEE UL SR R RS s s PRe R pesfcuary Bt o1 ng
.stagdard_ rte'Ehmsi,@pommdmi'ﬂlmﬂad_ i ﬁl(ﬂﬂﬁydauﬁfoemglﬂﬁ%sﬁ?h&eﬁbdfeaghte_b@i;ﬁ_rzsl f)ygd to
prodyge in i, adin oppounds. o i.S, invention include.
sodi 3% cyan‘%ge},%gslg%’l l?fr%"%éf’%(gg Pﬁege,rglgggf’% Yggqﬂﬂge,nt,lpﬁ SAd%ot her s.
Wien R11 i nimertplydacphobic dgtaic sgventpfor etuinsplgheptpndr@lie rdiaithydotipyadoft a
conveni ent f%?:lnﬁ[ stn &he,\ceg%fr%hesig tofapélgvi dgda.ke.to grosﬁhﬂg Thgﬁ group in
turn may be furthar Fenrpul SraFCPor e e dppVaixe st i g saeRdt cohol or

for example THF, followed by acid treatment during the workup to give an aldehyde

of formula 27. Oxidation of 27 to an acid of formula 28 can be carried out by

15 conventional means, for example by treatment of a solution of 27 in a suitable solvent

such as aqueous acetonitrile with sodium chlorite and 30%.hydrogen peroxide at or

below room temperature.

Reaction Scheme 8

cl P Cl PI'R‘” Ci ? ct 0
, R, —MgX
Ol — O = O, — O
F F 26 . R43 ) R43
24 25 27 28

20
' It may be desirable to prepare prodrug esters of the compounds of this invention
for which it would be more convenient to introduce the ester moiety at the end of the
synthesis. For this purpose, a variety of common techniques for the formation of
esters from carboxylic acids may be employed. Typical methods which may be useful
25 would include, coupling of an alcohol to the carboxylic acid in the presence of acid,

for example hydrochloﬁc acid, a procedure commonly known as a Fisher



conversion to derivative such as an oxinme. 25 Exanples of the application
of these nethods to the synthesis of conpounds of fornula 28Jéee2@ovi ded

in Chen,C%, Sl ; %(i) 99110313. 4 June 2004 WO 01/42225 29 Reaction Schene 7.
Roy-fv PCHE 884 21 22 23 In general, ortho-substitutZI/ER0AMESic aci ds

needed for the preparation of conpounds in which R = Y-1 can be prepared
as exenplified in Chen, et al., 5 W  99110312. For the synthesis of

2-chl or o- 6- al kyl benzoi ¢ acids of fornul @%28, wherein R43 is |ower alkyl,

t he procedure described in Reaction Schenme 8 is particularly suitable.

Thus, a comercjal]y avail abl e al dehyde_of fornula 24 is converted to the

i mne 25 10 eéﬁ%@ﬁ%ﬂ?nm&erméﬁvmﬂlwd@mgd@ﬁedmum&bmm thelogrborgixtacight Wi t h
but yl am ne isgdan alcbﬂglrl}myllgwgﬁﬁ I t;hg% @e%ﬁbﬁdﬁﬁé\ﬁg\?%ﬂmﬁ&rﬂ %ﬁ@h’% hgpt ane.

npound of  for s treate an excess

The resulting c

Grignard dercgwgrlwwwrwim@ dijmiideds dicycibbexylcadmaliienideiFAnéthet onwed by
acid treat | . j f forpula 27.

O dat | on of oetite B foR HOLMIRYEL LM YUt TG Pal e fof efiile a0
convert i onaRlkydadise of ar 2elewrpicthybghlorideinti prestnee ofelbase, for cxémple i n a
sul tabl e SOkysitin bighbbnASaRAALE sATERORL Heldiie R, SRELHIMANL At e,@nd

30% hydr ogen peroxjide at or below roomtenperature. S 20
Cl 0 24 25 method will be determined by the nature 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

10 the synthesis. For example the gronp P, in formula 1 may represent a desirable
prodrug ester and be retained in the final product.

. EXAMPLES
The Examples which follow are for purposes of illustration and are not
15 intended to limit the invention in any way.

General Methods: Melting points were taken on a Thomas-Hoover apparatus and
are uncorrected. Optical rotations were determined with a Perkin-Flmer model 241
polarimeter. IH-NMR spectra were recorded with Varian XL-200, Mecury-300 or

20 Unityplus 400 MHz spectrometers, using tetramethylsilane (TMS) as internal
standard. Electron impact (El, 70 ev) and fast atom bombardment (FAB) mass
spectra were taken on VG Autospec or VG 70E-HF mass spectrometers. Silica gel
used for column chromatography was Mallinkrodt SiliCar 230-400 mesh silica gel for
flash chromatography; columns were run under a 0-5 psi head of nitrogen to assist

25 flow. Thin layer chromatograms were run on glass thin layer plates coated with silica

. gel as supplied by E. Merck (E. Merck # 1.05719) and were visualized by viewing

under 254 nm UV light in a view box, by exposure to I; vapor, or by spraying with
either phosphomolybdic acid (PMA) in aqueous ethanol, or after exposure to Cly,
with a 4,4’-tetramethyldiaminodiphenylmethane reagent prepared according to E.

30 Von Arx, M. Faupel and M Brugger, J. Chromatography, 1976, 120, 224228,



Cl 027 C 2801t my be desirable to prepare prodrug esters of the
conpounds of this invention for which it woul d be nore convédirnz0G4

i nt roduce gr noiety at the end of the synthesis. For this purpose,
;nv;?i ety‘ga%gg?%&rbn techniyques for the formation of esterBCHERIAhoxy| ic
aci ds maybe enpl oyed. Typical methods which maybe useful 25 would include,
coupling of an alcohol to the carboxylic acid in the presence of acid, for
exanpl e hydrochloric acid, a procedure c@h‘_rmnl y known as a Fisher 4 June
2004 WO 01/42225 PCT/ EPOO/ 11884 30 esterification. Alternatively, a diimde
medi at ed cou&lai ng between the carboxylic acid and an al cohol_ may be

grrpl OKeF wi tReversed pbwmprgﬁg@re&qu@. @:;m@ogra}?gdﬁlf’dﬁlgc?:; carneid_o;.t o

i met hyl am nggy ne. _ e , :
Another alter ngradffi\?ggﬁxl S _toi?ﬁ g;%t:%‘ielr%a?%%xy{i%@tﬁiﬁ&%ﬁfﬁg?gét alnk%/lhe
hal i de, for %5eHipf 48 mifmin $ o gradient of avetcadtyilowyter 0 gi de |
presence of Wﬁ ) b fgﬁ. 9ﬁo%@gg&%£&ﬁgg?9%§§@i andg_gﬂhénerc{.ﬁisol vent,
for exanple . i arti cular chdr ce of ~ metnod wirt be detBMMed by the
nat ur e3of t ase fpically dmb@onhhmﬁwtmh(lfpﬁ-&&a b)x yhis r.eferfm a(ﬂn:&laﬁE gfidieint off Wﬁjs E: ﬁr
noi ety and w . | L. N h@e art. .Ester .groups [

may const i tm'(l(’a&]g?%t ?l?g/gg‘%gf/u eei:an Elrt?)r i {a%dlé’tmg eE’c?ﬁ\lfgﬁP%%he We‘?ﬁ}n‘ 10

t he synt hesiaUVEstectox atpivevelengthppf@lpn2 in fornula 1 may represent a
desirable prodrug ester and be retained in the final product. EXAMPLES

The Exanples which follow are for purposes of illustration and are not 15
i nt ended t o Methylene thdodide/divhlaromiethaan)y 2vypareh ok TNE] dohkse, Mdvhid Ng poi nt s

k P ar s and .are uncorrected,, Optical
\rl\g[ gt ?%ngnme%;héé’ et erm ne %?%ﬁgggﬁéﬁ#ﬁ-rﬁ?ﬂmﬁgﬁ@? vare usedVithottat or |
i H NMR spec edditigealepurificatioteckcept abndted) aatoXitrikOoas Bister6yBARPhEK grade

and was used as is.

Definitions as used herein:
15
THEF is tetrahydrofuran,
DMEF is N,N-dimethylformamide,
DMA is N,N-dimethylacetamide
HOBT is 1-hydroxybenzotriazole, )
20 BOP is [(benzotriazole-1-yl)oxy]tris-(dimethylamino)phosphonium
hexafluorophosphate,
HATU is O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate
HBTU is O-benzotriazole-N,N,N’,N’,-tetramethyluronium hexafluorophosphate,
25 DIPEA is diisopropylethylamine,
DMAP is 4-(N,N-dimethylamino)pyridine
DPPA is diphenylphosphoryl azide
DPPP is 1,3-bis(diphenylphosphino)propane
DBU is 1,8-diazabicyclo[5.4.0}undec-7-ene
30 NaH is sodium hydride
brine is saturated aqueous sodium chloride solution
TLC s thin layer chromatography
LDA js lithium diisopropylamide



20 Unityplus 400 MHz spectroneters, using tetranet hylsilanenéTMS) as
I nternal standard. Electron inpact (El, 70 ev) and fast ato

(FAB) mas%g Pectra were taken on VG Aut ospec or VG 70E-HP nass
spect r omettPA2} j ca gel used for col unm chromat ogr aphy MEFERV11sIKT odt .
SiliCar 230-400 nesh silica gel for flash chromatography; colums were run
under a 0-5 psi head of nitrogen to assist 25 flow. Thin |ayer

chromat ograns were run on glass thin lay®# plates coated with silica gel
as supplied by E. Merck (E. Merck # 1.05719) and were visualized by view ng
under 254 nm UV | i %eﬂ( in a view box, by exposure to 12 vapor, or by

sprayi ng w 8¢ 219H9§p@@mdi4iwﬂ)phoapﬁ1d1c(cﬁlﬂ1ﬁdei n aqueous et hanol, or
after exposmpg w,rg]?djﬁ 4,4 -tetramet hyl di am nodi phenyl net hane
reagent prepare accor 30 Von Arx, M Faupel and M Brugger, J.
Chr omat ogr agh‘yessqrgsiﬁfagﬂm 1s [Zﬂﬂbls(zz&cthéx}a;ﬂreeyBQCMMamegﬂﬁ RediEPQ 11884
31 Reverseddgggg high pressure liquid chromatography ( I—E’LC)was carried
out wusing a nl n HPLC enploying a 41.4 x 300 mm 8 M Dynarnax’ C- 18

col um® at 1§ isd¥riedosuerimt anhydridep| oyi ng a gradi ent of acetonitrile:water

(each cont ag aII from to 95% acetonitrile over
35-40 min. HPEQ conﬁa{oég%%%gl Sy & ’ésc,t?i"‘ﬁféﬂg he format

(5- 95- 35- zllqumatngaplmsgstantsupphdduhmm El B@Itqéimﬁitsloﬁfofﬂ&éppafx&%fl fpRraRY ) "

acetonitri n i e e effluent wt a

det ect or at&gbf\%/gﬂ%tpgg ﬁgﬁg*@g%@cRMth% irﬂﬂg?*bd)é @Sgﬁpbrorret hane),

2- propanol , CMPS)TEEHOH(Nmeioﬁtewﬂiﬂeexané-@&@l:&@fateﬁﬂﬂuf@tuﬂﬁ&omI gie Fisher

or Bgker r ﬁﬂ@g gmgﬁde and were used without additional purificatfon except
ace

as noted, “&“was Fisher or Baker hpl c grade and was used as is.
Definitions as used herein: 15 THE is tetrahydrofuran, DVF is

N, N- di net hyi-f or de, DMA is N Ndinethylacetamde HOBT is
- hydroxybe%iﬁanzol e,

N-[(1,1 -dlmethylethoxy) carbonyl]-4-{(tributyl)stannyl]-L-phenylalanine methyl
ester. '

nt

1 NSn

07 O /K

0 "0

C1sHaoINO HNO
15 Mol W% 405%23 M

A solution of N-{(1,1-dimethylethoxy)carbonyl]-4-iodo-L-phenylalanine methyl
ester (5.3 g, 13 mmol) and hexabutylditin (27.5 ml, 54 mmol) in toluene (50 mL)
was deoxygenated by alternately freezing the mixture in a liquid nitrogen bath under
vacuum and thawing under argon (3 x). Tetrakis(triphenylphosphine)palladium was

20 added (280 mg, 0.22 mmol) and the reaction mixture was heated to reflux for 45 min
as the color changed from yellow to black. TLC (1:6 ethyl acetatezhexane) indicated
the presence of some starting iodide and an additional portion (140 mg, 0.11 mmol)
of the catalyst was added. Reflux was continued for 1 hr. The mixture was allowed to
cool and was concentrated. The residue was taken up in hexane (200 mL) and

25 triethylamine (30 mL), stirred for 30 min and was filtered. The filtrate was
concentrated and was chromatographed over a dry silica gel column containing 150 g



20 BOP is [(benzotriazol e-1-yl)oxy)tris-(dinmethyl am no)phosphoni um

hexaf | uor ophosphate, HATU is 4 June 2004

0- (7-azabenzotriazol-1-yl)-1,1,3,3-tetranet hyl uronium hexafl uorophosphate
HBTU i s AO"E‘EHYWH azole-N,N,N , N, -tetranet hyl uroni urn hexBET/EMEdsphat e,
25 DI PEA is diisopropylethylamne, DVAP is 4-(N, N-di net hyl am no) pyridine -
DPPA i s di phenyl phosphoryl azide DPPP is 1, 3-bis(di phenyl phosphi no) propane
DBU is 1, 8-diazabicyclo [5.4.0] undec-7-%he 30 NaH is sodium hydride brine
I s saturated aqueous sodium chloride solution TLCis thin |ayer

chromat ography, LDA_is_lithiumdiisopropylamde 4 June 2004 WO 01/42225

PCT/ EP00/ 1188 8ligpzebapd ejuting withdiezanedollGwesiy, b6 ediyhadejastibsahestp giveN-or i de

NMVP is N-nethyi- edli SIS AR G415 -

(2, 4- bi s(4- EQ’%‘LE&?%%@E%—"?*?’. o e Sy HERRER L D hendalgnipe ettt 5

NS is Niod®Zgcti%i e afieny@ili BR(HEPIME ECEI470I045mdt onfzali8) (2M-Bilde)age

col umms ref 85§ (lQryse of a flash chromatography system supplied by the

Bi otage Division of° the Dyax Corporation enploying prepacked 40g (40s

col unms), 90g (40m col ums) or 800g, (75m colums). Elution is carried out
W th hexaneﬁﬁgﬁﬂeﬁcet ate m xtures under 10-15 psi 10 nitrogen pressure.
Eple 1.

N-[ (1, 1- di mdt-Hptddorexg metniieheny])catb oyl )-8 ydijeteinyd-flioke {sapyithidingl)i ne

met hyl eStE[pheWéla}xngH?’ .

10 a) Preparation of 5-iodo uracil

8]
H lodine monachloride, MeOH {
g - 1]
o refiux, 40 h, 80%
O
H H
CaHNZO2 - C4H3IN2O»p
Mol. Wt.: 112.08 Mol. Wt.: 237.98

A mixture of uracil (28.6 mmol, 3.2 g) and iodine monochloride (49.2 mmol, 7.988
15 £) in methanol (120 mL) was refluxed for 40 hr. The solvept was removed under
vacuum and the residue was crystallized from ethanol:water (1:1, 150 mL) and stored
in the refrigerator for 3 h. The resulting needles were collected by filtration and were
washed with ethanol:water (1:1 mixture, 50 mL), water (30 mL), hexane (30 mL) and
then dried in air to obtain 5.47 g (80%) of 5-iodo uracil as a white needles (mp 278-
20 282 °C, Lit. 274-276 °C, Synthetic communication 1988, 18, 855-867). EI-HRMS m/e

caled for CJH5IN,O, (M) 237.9239, found 237.9244.

b) Preparation of 1,3-dimethyl-5-iodo uracil

0 0
1 HiC. 1
BN L N
)\)j/ } )\ I
0~ N 0” "N
H CH,

CHJINO, H.IN,O
Mol Wt.: 237.98 Mol Wi 262 04




00 H+ "C¥CH3 ~O/OCHINO 15 Mol. W405.23 . MT.. W : 68 38 A
sol ution of N-[ (1, 1-di net hyl et hoxy) car bonyl ] - 4-i odo- L- pheny| a4 dunen2004et hy|
ester (5 13 mol) and hexabutylditin (27.5 nL, 54 mol) in toluene (50
a\é‘gﬂyb’éﬁat ed by alternately freezing the nixture PEI/EPGO/igR84d
nltrogen bat h under vacuum and thaw ng under argon (3 Xx). '
Tetraki s(tri phenyl phosphi ne) pal | adi um was 20 added (280 ngy, 0.22 nmol) and
the reaction mxture was heated to reflex for 45 mn as the col or changed
fromyellow to black TLC (1:6 ethyl acetate:hexane) indicated the presence
of sonme starting iodide and an additional portion (140 ng, 0.11 mol) of
tIhF ca’Ej al ystaA mxmddéﬁ:odﬁaﬁhuk(%&&nﬁfghtslzglgednd powdlered poﬂ&.f(iufﬂ éé}wrﬁtér/]\/as
allowed to n The r e was taken up in hexane
(200 ) anég‘ggmﬁ g‘%%ﬂfﬁmﬁwrﬂsw%fgaﬁ‘?ﬁﬁtwwq%ﬁwwdr. | tered.
The filtrat ehmetbgbmdgiat(ﬁms @iimeln8.39/asl) vhis adddd Tham iRereavon miktlye wisl | ca

gel col um G 4 June 2004 WO Q1/42225 PCTI EP00111884 33 of
silica gel anlc-f e ﬁ?%ﬁaﬁé%?gh “?Rﬁ’F“f‘B{ﬁé‘R (Y2 Pobirediipin wateef it elexanes to
give N and ethyl acetate (150 mL). The layers were se arated and the aqueous layer was

(1,1 e b endof (o TS FRETEE e et
(2M- C4HO) Bﬁﬁeéﬁhtbngﬁg&gedg@&eeaﬂa dibus[mé ﬁhps'lﬁfa@ FRANOPORRY Hayisar onyl |

-4-(1,3-dineth dln |.al anine 10 a)
Prepar at'i on 5"?%3“ SoRFeptraRen Oilp%ElF Ee“r?ﬁ "i;rsi"g @qu@kzed(ﬁqm 80/ 1
ethanol:water (3:1, 150:50 mL) and stored in the refngerator overnight. The solids
10 were collected by filtration and washed with ethanol:water mixture (3:1, 120 mL),
water (30 mL), hexane (30 mL) and dried under vacuum to obtain 4.61 g (78%) of
1,3-dimethyl 5-iodo uracil as white needles (mp 226-228 °C, Lit. 225-227 °C,
Synthetic communication 1988, 18, 855-867). EI-HRMS m/e calcd for CcH;IN,O,
(M) 266.0021, found 266.0023. |
15 .
<) Preparation of N-[(1,1-dimethylethoxy)carbonyl]-4-[ 1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl)}-L-phenylalanine methyl ester

~ ' 1) Zinc dust, THF, 70 °C, 3 h e

OJ\ 2) Pd{dba)s, TFP, r.t, 15 h -
|

BocH COgMe

Ca1Hz7N306
BocH CO-Me Mol. Wt.: 417.46

C15H20NO,
Mol. Wt.: 405.23

To a suspension of zinc dust (30 mmol, 2.0 g) in THF (3.0 mL) was added 1,2-
20 dibromoethane (2.0 mmol, 0.174 mL) at room temperature. This suspension was

CgHANSO2
~ Mol. Wt.: 266.04

heated to 60-65 °C with a heat gun until evolution of ethylene gas ceased (observed).
This process was repeated three times. Then, the suspension was cooled to r.t. and
trimethylchlorosilane (1.0 mmol, 0.15 mL) was added and the mixture was stirred for
10 min. A hot (the iodo compound was not very soluble in either solvent and it

25 precipitated upon cooling to room temerature) solution of 5-iodo-1,3-dimethyluracil



0O- -f'r OHHCIHAN202 M!. W.: 112.09 . C4H31N202 Mol. W.: 237.98 A
m xture of uracil (28.6 mol, 3.2 g) and iodi ne nonochl ori de {uree Z0Génol |

7.988 15 %dn ggt hanol (120 m) was refluxed for 40 hr. The sol vent was
removed un 132#3um and the residue was crystallized fronPETRBMBIBHat er .
(1:1, 150 nmL.) and stored in the refrigerator for 3 h. The resulting

needl es were collected by filtration and were washed with ethanol.-water
(1:1 mxture, 50 nL), water (30 rnL), hegdne (30 nL) and then dried-in air
to obtain 5.47 g (80% of 5-iodo uracil as a white needles (np 278 20 282
C, Lit. 274-276 C, Synthetic comunication 1988, 18, 855-867). EI-HRMS nle
cal cd for C4la3inaoRl, @\ﬂ’z)g)iﬁT}ﬂﬁS@mewlﬂDRﬂ?(maﬂm)wﬁ)adB&d&ftaﬂlatzirﬁn of

- 2556, v 3P RSl bR el T A mpelbieindl iy o of 5 odo

ur aci | ( 22. Xempefaturs of Sheyraciiod mixtwte rasd t@D1-A8 5C doe catheeR@thermic@action) , 10. 3

rret IhyI i odi ﬁm(%&’é’%ﬁﬂ'] 5"{ ggu:r Cg t\%g’saﬂh%%?r o %&)ﬁ%%?o#éﬁ&a%{h%i?ur e

was sPi rr edwdsooolrd do berm Fenperature ﬂfﬂ”ﬂbﬁ'ﬁdﬁ.ﬁbﬂkﬂl § haltd NWIR dfatiygfblisateo wat er

(150 nm) 5 (15 ers re se arated and t he
aqueous | ayer mol%ﬂtafgtg%ttog% t’%‘%l‘?at%fg She 4 8¢he conbi ned
extracts wemsatersltaed joddlysis dfiai02s mhb Iali@ucﬁrmf ﬂfednﬁtu.re a\QVtﬁé 1o’ﬂﬁdB’l§HcR.UE1e

magneswms tra n h entration of the
sol vent gave crugméséokﬁxealas E%é)‘?/g@ g:raﬁgtsé\'f%l% ﬁgg T3R8y |
(3:1,150: 50 muctu:)emndﬂstedmﬂwm (3wl eﬁerlcgen@gmrro@ﬂﬁeﬂipemmexﬁaﬁ@l i ds

- 10 excess zinc was allowed to settle for 30-60 min.

The above prepared zinc compound (5.5 mmol) was added to a suspension of
Pd(dba), (0.07 mmol, 40 mg), trifurylphosphine (TFP) (0.26 mmol, 66.6 mg) and
Boc-4-iodo-L-phenylalanine methyl ester (4.5 mmol, 1.823 g) in THF (10 mL) at
room temperature and the light yellow mixture was stirred for 15 h. The mixture was

15 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 and
dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration of the solution gave the crude product which was purified by column
chromatography to obtain 0.80 g (43%) of N-[(1,1-dimethylethoxy)carbonyl]-4-

20 [1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)]-L-phenylalanine methyl ester as a white
solid: mp 65-69 °C. EI-HRMS m/e calcd for CpH27N306 (M) 418.1978, found
418.1965.

d) Preparation of 4-(1,3-dimethy}-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine

25 methyl ester.

ll\[ i

o) N

T )

~ V'

0 4.0N HC! in dioxane O
BocHN” “COMe rL,1-2h HCLHN “COMe
CoHozNzOg CyeH1aN304

Mol, Wt.: 417.46 Mol. Wt.: 353.84




10 were collected by filtration and washed with ethanol :water m xture (3:1,
120 nL), water (30 nlL), hexane (30 nlL) and dried under vacubdne?@idt ai n
4.61 ¢ (7% of 1,3-dinethyl 5-iodo uracil as white needles (np 226-228 C,
Lit. 225- W0i#22255ynt heti c communi cation 1988, 18, 855- 867)PCTARBIRMBINT €
calcd for C6H7I N202 (M) 266.0021, found 266.0023. 15 c) Preparation of N
[ (1, 1-di met hyl et hoxy)carb onyl] -4- [ 1,3-dinethyl -2, 4-di oxo-5-

pyri m dinyl)]-L-phenyl al ani ne nethyl est3 | 1) Zinc dust, THF, 70 C, 3 h
2) Pd(dba)2, TFP, rt,15 h C6H71IN202 Mal. W.: 266.04 &i H27N306 Mol .

W .: 417.46 C15H201 NO4 Mdl. W.: 405.23 To a suspension of zinc dust (30
nmmol, 2.0 g in THF (3.0 nm.) was added 1,2- 20 di bronoethane (2.0 nmol,

0.174 nmL) at t ture.. This suspensi . heated to 60-65 Cwith a
heat gUn) untt {O?‘Se%\{/géll Oﬁgqﬁéh"tthﬁf’@%%ﬁﬁ 0 ﬁkgga\g? 7@%—¢0x?rﬁ-s process
vas reﬁe?t ﬁ@yntm' 'c_ﬁiayh) i-Irrphendeiann'l ehi’eeho 1%&&@6&9&@&:1213&3@9@% Eﬁ}ibﬁar{e-(?mﬂnd
trinmethyl chlorosilan : a n e mxture was
stirred fork\%i earﬁen?“e'k('}??oltg (%ZP@@%M,@%%@% G¥aP§/a@Ptbl e i n

ei t her5 sol veéatpaaniré 4nd. tA& sqluton wat stiresll foPOB hCBPﬂﬁﬁﬂnkPaﬁglﬁ?eH&Ver ature)

sol ution of 5-iqodo- -dimethyl uraci |l 4 Jyne 2004 WO 01/42225

PCT/ EPOQ 1] P }?1%% 5%“1“%’ %"H’r‘?ﬂmezs wfei%ﬂﬁfé%ﬁ.dl@aﬁw apchwerswiashed ni) was
added to t hwithilrganesuafierisi1amg (6096 yieRlidhp 1871193 #E. THethsiher hGsodisaked to 73

C. The internacl tegﬁg@ature of h e reactlon mxture rose to"77-78 C, due
to the exot REFFFEF TIACTUTFAB 1l was ifyrptedpth dichloremethaney bat h

t enper at ur eThé cofribined sulidd, Whith a6ktaina@Bome starting material, were combined and

10 dissolved in methanol. The major portion of the methanol was evaporated and
dichloromethane was added to form a precipitate. The solids were collected and dried
to obtain 330 mg (48%) of 4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine methyl ester hydrochloride salt (mp 187-193 °C). EI-HRMS m/e calcd
for C;sH1sN30, (M+H) 318.1454, found 318.1447.

15
e) Preparation of N-{(2-chloro-6-methylphenyl)carbonyl] -4-(1,3-dimethyl-2,4-

dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester

] fo)
O N, . b |
n C[C%H HBTU, DIFEA, DMF 0
+ >
e rt,i5h H CO.Me
HCLH COMe
E‘:( ¥0
cl

CgH;CIO,
CrgHigN304 Mol. Wt.; 170.60
Mol. Wt.: 353.84

C24Ha4CINZO5
Mol, Wt.: 469.92

20 To a suspension 4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine methyl
ester hydrochloride salt (0.5 mmol, 0.180 g), 2-chloro-6-methylbenzoic acid (0.55
mmol, 0.084 g) and HBTU (0.6 mmol, 0.227 g) in DMF (4 mL) was added
diisopropylethylamine (3.0 mmol, 0.52 mL) at room temperature. After 1 min,
everything went into solution and the yellow clear solution was stirred 15 h at room

25 temperature. By this time, it turned to a brown solution was dituted with ethyl acetate



5 was cooled to roomtenperature and stirred another 1.5 h. 1H NMR of a
hydrol ysate of a 0.25 nL aliquot of the mixture indicated thédung#¥nce of
traces of 36%3{’# ng material and iodolysis of a 0.25 niL aliqguot of the
mxture g 2% odi de back. The reaction mixture was h& 81889 C and
stirred for another 30 min- The reaction mxture was diluted with THE (5°
m.) after cooling to roomtenperature and the 10 excess zinc was allowed to
settle for 30-60 min. The above preparedd3Zi nc conpound (5.5 mmol) was added
to a suspension of Pd(dba)2 (0.07 mmol, 40 ng), trifiiryl phosphine (TFP)
(0.26 mmol, 66. and Boc-4-i odo-L-phenyl al ani ne nethyl ester (4.5

mmol , 1.823 @ mly. thyl @ceiaty layer wassoashed syreessively avitneateh(@ st 20yeil),y el | ow

m xture was j - Qr ] Xt .Do dinto sat ur at ed
Tiont um cni i@ Codith birbbnaBIHON (95 Sfind WOl Sion! O S il 7' £
nL). The corfiedeneranhydrons magnesivm shifde. Filtiatibn ofithesloying hgemtandl  dri ed over

) . \ : \
conzontr at | caeepiidha bt &8 bétvert gabd B cAlie drab At VR HAIERA bR o6l 1 e by
col um® chr celumychapmatagoapblytaafiord, 150.5gng 4229 yield) N NL[(2-chloro-6-

(1, 1-dinmeth horv4 2 ) - <. .

1, 3- di net hyﬁ%ﬂ%ﬁggﬁg&%w‘ rg’g i %%E)L‘HYI 2 é‘%‘ﬁ’é%ﬁ%ﬁﬁﬁ%%iﬂwﬂé%{i@ﬁ as a
white sol i anethyl egsr 8@ whiteEpLidirhvs 165-857 AC.dI-HRMSGRAHAENTONC I IN-0LB] 1978,
found 418. . repar.ation_of

4- (1, 3-dine ﬁ&ﬁ‘*’ﬂhﬁ‘ gﬁ"é‘démylf‘?% di nyl ) - L-phenyl al ani ne 25 nethyl ester.
oT | 4.ON HCl in dioxane i BocHN -CO2Me r.., -2" HCLH2t ""CO2Me C21 H27N306
Mol . - 4%.&6 Cl6H 1ng3t?4 Mol . W.: 353,84 4 June 2004 WD 01/42225

PCT/ E 118k 4Freparation of N-{(2-chioro-6-methylphenyl)carbonyl}-4-(1,3-dimethyl-2,4-

dioxo-5-pyrimidinyl)-L-phenylalanine

O o) II\!
T Y
d s
0 0
NaOH, EtOH
HN" “CoMe  49°c 23n HN" ™ COH
0 o)
c ; cl
Hp4CINSO CagHpaGINAOs
pfcﬁf V\.??.: 46%.9?2 Mol. Wt.: 455.90

To a suspension of N-[(2-chloro-6-methylphenyl)carbonyl] -4-(1,3-dimethy}-2,4-

15 dioxo-S-pyrirrﬁdinyl)-L—phenylalanjng methyl ester (0.278 mmol, 131 mg) in ethanol
(4 ml) was added aqueous 1.0 N sodium hydroxide (3 mL) at room temperature.
The mixture was heated to 40-45 °C and the resulting clear solution was stirred for 2-
3 h. The ethanol was removed under reduced pressure and the residue was diluted
with water (20 mL) and NaOH (3 mlL, 1.0N) to dissclve the sodium salt. The aqueous

20 solution was washed with ether (50 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 50 mL). The combined organic extracts were washed with brine solution
and were dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration of the filtrate afforded 107 mg (85%) of N-[(2-chloro-6-



36 A solution of

N-[ (1, 1-di net hyl et hoxy) car bonyl ] - 4- (1, 3-di net hyl - 2, 4- di oxo- 54 Jwya 2G04di nyl )
- L- phenyl al ani ne nmethyl ester (1.94 nmol, 0.811 g) in dioxane (5 rnL) was
treated WOPIA2ZESN (5 nl, 20 nmml) hydrochloric acid in diRSTAERS0/ALSS4 oOm 5.
tenperature and the solution was stirred for 0.5 h. By this tine, a light
yellow precipitate slowy fornmed. The solids were collected by filtration
and were washed with hexane to afford 482 ngy (60%vyield), np 187-193 C.
The not her |iquour was concentrated under vacuum and the residue was
triturated with_ dichloronethane. The conbi ned solids, which contained sone

starting maméthylphenyReasbenytiof-§a-dimethyh 2d-diond-Sephrimidigl b phlenyldlaging®j or

portion of fhehRd QAo a [ chl added to
forma pr eci%tate. T ePsoI izgéa@v\gérlg co %??géfa@ﬂga%%%?g(% in 330 ngy
(48% of 4-$36-1326i feupA@h6.2326. di oxo- 5- pyri ni di nyl ) - L- phenyl al ani ne net hyl
ester hydrochloride salt (np 187-193 C). EI-HRMS nfe calcd for CL6HL9N304

- (MtH) 318. 1454, found 318.1447. 15 e) Preparation of N |
(2- chPor o- cExammleBohenyl ) car bonyl } -4- (1, 3-di net hyl - 2, 4-

di 0x0- 5- pyrp a4l ~Phenyl api,ne nethyl. ester., | 6HIONSO4 Mdl. W:
353. 84 cozgHP{EIE%{,M’]E)FEQ?B%#@E’f?’f‘s‘ﬁﬂx‘éﬁ%@m@éﬁ‘m. "170.60 CI CO2Me
C24H24C1 N3asethpiyethyiycyclopentgicaginnyl)- b phasypdasinen

4- (1, 3-di net hyl- 2, 4- di oxo-5- pyri m di nyl ) - L- phenyl al ani ne net hyl ester
hydrochl ori ge It (0.5 mmol, 0.180 g), 2-chloro-6-nethyl benzoic acid (0.55
nmol , 0.084_§fa d HBTU (0.6 mml, 0.227 g) in DMV (4 nL) was added

/N'

O

BN NCOH

MBO\/@ -
O

CoqH3 N304
Mol. Wt.: 457.52

10 4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)]-N-[] 1-(2-methoxyethyl)cyclopentyl]-
carbonyl]-L-phenylalanine was prepared from 4-(1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl)}-L-phenylalanine methyl ester and 1-(2-methoxyethyl)cyclopentane
carboxylic acid (see WO 9910312) using the general procedures described in example
2. EI-HRMS m/e caled for C;4H3 N30s (M+H) 458.2292, found 458.2279.

15
Example 4.

Preparation of N-[(2-bromo-6-methylphenyl)carbonyl}-4-(1,3-dimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine



di i sopropyl ethylamne (3.0 mol, 0.52 nl) at roomtenperature. After | mn,
everything went into solution and the yellow dear sol ution whdurg2G0ded 15 h
at room 25 tenperature. By this tinme, it turned to a brown sol ution was

di | uted WWOAOHIHT acetate 4 June 2004 WO 01142225 PCTI EPREWEBRAISE (25
m.). The ethyl acetate |ayer was washed successively with water (2 x 20
m.), saturated sodi um bicarbonate solution (25 nL), and brine solution (25
m.) and was dried over anhydrous magnes3®m sulfate. Filtration of the
drying agent and concentration of the solvent gave the crude product which
was purified by silica gel 5 columm chromatography to afford 151.5 ng (72%
yield) of N-[(24chl oro-6- nethyl phenyl)carbonyl]

-4-(1,3-dinékﬁyN , 4- di oxo-5-pyri m di nyl)-L-phenyl al ani ne nethyl ester as
a white solid: npl| 155-157 C. EI-HRVS nfe cal cd for C24H24N305CL (M)

470. 1483, fouﬁI 4. 10 f) Preparation of

N-[ (2-chl or o- 6- enyl ) carbonyl ]-4-(1, 3-di net hyl -2, 4-

di oxo-5-pyri m di nyl) -L- ghenyl al ani ne C24H24Cl N305C28H22CI N305 Mol . W:

469. 92Mot. W: 455.9 spensi on
of N-[ (2- chl or o- 6- ngt hy| ph )carbonyl]--4-(1, 3-dinmethyl-2,4 15
di oxo- 5-pyrim di “fhenyl al ani ne nethyl ester (0.278 mmol, 131 ng) in

et hanol (4 nl) dded aqueous 1.0 N sodi um hydroxide (3 nL) at room
tenperature. The M xt®fre was heated to 40-45 C and the resulting clear
sol uti on was sgﬁﬁﬂgﬁﬂﬂ s 2- 3 h. The ethanol was renpved under reduced

pressure and t Yok was diluted with water (20 nL) and NaCOH (3 ml,

Loy t(()58i ss?[(garbhﬁ-s@wﬂ%@my{)w}{bﬁylmqe?u&n&% A2l IBicBB 3B gl with
e er o Jenpve an ne al | uritil es. e aqueqQus_|ayer was
aci dified %f?’f’eﬂ}’ ARDGHas B%/F&’a{fﬁé éd&%‘%ﬂx&#*é&x@cﬁqpm@@{lﬁ I-L- acet at e

(2dx 50 ma) ph%'rhﬂlﬁﬁﬂ@&:ﬁ@bﬁﬁﬂ@-@hﬁeﬂfﬂﬂeﬂ%@ﬁﬁgﬁnb i ex}[ﬁ'ifntbcpc%drt 53' ution
-an e r,ed .over an ro es| u at e. | ratl on o e rvin
ot B 1 AR Rhles E IO Rk Sled Hr (oo @ (Wi inssposgp. 7

N-[ (2- chl or fmd400:0885.2004 WO 01/ 42225 PCT/ EPOQY 11884

Example 5.
Preparation of N-[(2-bromo-5-methoxyphenyl)carbonyl]-4-[1,3-dimethyl-2,4-
10 dioxo-5-pyrimidinyl]-L-phenylalanine

HN™ “CO,H

OO
0
Br

CoaH»»BIN,O
Mol Wh.: 516.34

N-[(2-bromo-5-methoxyphenyl)carbonyl]-4-[1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl]-L-phenylalanine was prepared from 4-{1,3-dimethyl-2,4-dioxo-5-

15 pyrimidinyl]-L-phenylalanine methyl ester and 2-bromo-5-methoxybenzoic acid
using the general procedures described in example 2. EI-HRMS m/e caled for
C23HaN;O6Br (M-+H) 5160770, found 516.0780.




38 '

met hyl phenyl ) car bonyl ] - 4- (1, 3-di met hyl - 2) 4- di oxo- 5- pyzi m di iy¥yna 2@8denyl ai a
nine as g white solid: np 234-236 C. El-HRMS nie cal cd for

Cz3H22N30R KM  456. 1326, found 456.1326. 5 Exanpl e 3. PEAGPAVESSHN of 4-
(1, 3-di net hyl -2, 4-di oxo-5-pyrimdinyl) } -N [ [ 1-(2- '
nmet hoxyet hyl ) cycl opent yl Jcar bonyl ] - L- phenylalanine I  OyN N, C24H31N306
Mol . W& 457.52 .10 40

4- (1, 3-di met hyl -2, 4-di oxo-5-pyrimdinyl)J-N[[1-(2-nmethoxyethyl)cycl opentyl
}- carbonyl }-L-phenyl al ani ne was prepared from 4-(1, 3-di net hyl - 2, 4- di oxo- 5-
pyrimdinyl)}-L-phenyl al ani ne nethyl ester and

1- (2- met hox CYEl@Re L6_Ag ),9910312) using the
general proce ﬂé}ss' &Lc&?@gﬂelﬁ)ﬁ h%%#%ﬁéh@.@g’gﬁ%ﬁ%%%%zéé%’éo or
C24H31N305 pwimidiodBlodenylalanond 458. 2279. 15 Exanpl e 4. Preparation of

N-[ ( 2- br onp- 6- et hyl phenyl ) car bonyl | -4- (1, 3-di net hyl - 2, 4- di oxo-

5-pyri mdinyl)-L-phenyl al ani ne 4 June 2004 WO 01/ 42225 PCT/ EP00111884 39 Br
C223~b122Br NBOP reppation of 5-560-348,Mtrifnethgl wnagho- 6- net hyl phenyl ) car bonyl ]
-4-(1,3 - di rre;%gl -2,4-di oxo-5-pyrimdinyl)- L- phen?/l al ani ne was prepared

from4-(1. 3-8 TRYb 2 4Ke8 Wi, Bk, PLEEY )1 o

N._.O
h oY
2| /N/I

CHJIN,0, GHiIN,O,
Mol. Wt.: 252.01 Mol. Wt.: 280.06

A mixture of 5-iodo-6-methyl uracil (22.18 mmol, 5.58 g) and powdered potassium
carbonate (60 mmol, 8.29.g) in DMF (188 mL) was stirred for 24 h at room
temperature and then methyl jodide (90.6 mmol, 3.33 mL) was added. The reaction

10 ‘mixture was stirred for another 76 h at room temperature and was poured into water
(150 mL) and ethyl acetate (150 mL}. The layers were separated and the aqueous
layer was extracted with ethyl acetate (2 x 100 mL). The combined extracts were
washed with brine solution (150 mL) and dried over anhydrous magnesium sulfate.
Filtration of the drying agent and concentration of the solvent gave crude solid which

15 was crystallized from ethanol:water (3:1, 150:50 mL) and stored in the re_frigerator
overnight. The solids were collected by filtration and washed with ethanol:water (3:1,
120 mL}), water (30 mL), hexanes (30 mL) and dried under high vacuum to obtain 5.8
g (93% yield) of 5-iodo-1,3,6-trimethyl uracil as a white solid: mp 155-157 °C. EI-
HRMS m/e caled for C;HGINLO, (M) 279.9709, found 279.9709.

20

' b) Preparation of N-[(1,1-dimethylethoxy)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-

5—pyr_imidiny1)-L—phenylala;nine methyl ester



phenyl al ani ne and 2- br onp- 6- et hyl benzoi ¢ acid using the general procedures
5 described in exanple 2. El-HRVB nmle calcd for C23H22N3065Br4 ¢ 004

500. 0822, é{gund 500. 0825. Exanple 5. Preparation of N |

(2- br ono- ¥ ¥yphenyl )carbonyl] -4- [ 1,3 -dinethyl - 2, £CT{EP00/11884 .
di oxo-5-pyrimdinyl] -L-phenylalanine i Br C Hz2BrN3G6 M W.: 516.34 N [
(2- brono- 5- et hoxyphenyl ) carbonyl] -4- [ 1, 3-dinethyl-2, 4-di oxo-5-

pyrim di nyl]-L-phenyl al ani ne was prepardd from 4-[ 1, 3-di net hyl - 2, 4- di oxo- 5-
15 pyrimdinyl]-L--phenyl al ani ne nethyl ester and 2-brono-5-nmet hoxybenzoic
acid using the general procedures described in exanple 2. El-HRVS W cal cd
for C23HUN3C6Br (M+H) 516.0770, found 516.0780. 4 June 2004 WO 01/42225 40
PCT/ EPQQ' 1188-4 Exanple 6. N [ (2, 6-dichl orophegyl N.capbonyl }
-4-(1,3,6-trinethyl -2, 4-di oxo-5- pyrimdinyl)-L- ph y al anine 5 a)

Preparation of 5|od0136tr|rrethyl uracil K2 NF, r.t., 76 h O
NO X C5H5(1)N2&2 C3H9I N2v2Zn Kipst, DMA; 70%2. 01 I\/bI . 0. 06 A m xture
of 5-iodo-6-ne Faci | 222d{thapgbi(tol)s. 58 g) and powdeMéd pot assi um

carbonate (60 rnm ? 2970) TH DVF (188 m~—=>) was stirred_fod 24ohmt room
tenperature ahd tfhen! net hyl ilegi (90.6 mmol, 3.33 adfled. The
reaction 10 m xture was stirre another 76 h at r 3 Pature and
was poured i nCgHWhOer (150 nl) ethyl acetate (150 nlL). The | ayers were

separ at ed ahbl. Wte 28@BB0US ‘ OMe C,H,(N,O,
Mol. Wt.: 431.48
S ko b

To a suspension of zinc dust (800 mmol, 52.29 g) in THF (26.0 mL) was added 1,2-
dibromoethane (53.2 mmol, 4.58 mL) at room temperature. This suspension was

r

heated to 60-65 °C with a heat gun until evolution of ethylene gas ceased (observed).
5 - The suspension was cooled to room temperature, trimethylchlorosilane (26.6 mmol,
3.38 mL) was added and the mixture was stirred for 15 min. A suspension of 5-iodo-
1,3,6-trimethyl uracil (266 mmol, 74.6 g) in DMA (225 mL) was warmed to obtain a
clear solution and was added in one porticn to the reaction mixture. After addition,
_ the mixture was heated to 70 °C. The internal temperature of the reaction mixture

10 rose to 80-85 °C due to the exothermic reaction. The reaction mixture was stirred at
70 °C for 3-4 h at which time TLC of an aliquot which had been quenched with
saturated ammonium chloride indicated the absence of starting material. The
reaction mixture was diluted with THF (140 mL), was cooled to room temperature
and the excess zinc dust was allowed to settle over 2-3 h.

15 This solution containing the zinc compound (266 mmol) was added to a solution of
Pd(dba); (8 mmol, 4.6 g), tri-o-tolylphosphine [P(Tol)s) (29.6 mmol, 9.0 g) and N-
[(1,1-dimethylethoxy)carbonyl] -4~iodo—L-phenyIaJanine methyl ester (186 mmol,
75.56 g) in THF (280 mL) at room temperature and the light yellow mixture was
stirred for 48 h at 50-55 °C. The reaction mixture was poured into a saturated

20 ammonium chloride solution and was extracted with ethyl acetate (3 x 750 mL). The
combined extracts were washed with brine solution (1.5 L) and dried over anhydrous
magnesium sulfate. Filtration of the drying agent and concentration gave the crude
product which was purified by silica gel column chromatography using a Biotage
(75m) column to obtain 57.88 g (72% yield) of N-[(1,1-dimethylethoxy)carbonyl}-4-




| ayer was extracted with ethyl acetate (2 x 100 nL). The conbi ned extracts
were washed with brine solution (150 nlL) and dried over anhydunsi04
magnesium sulfate. Filtration of the drying agent and concentration of the
sol vent gXRY%¥Fe solid which 15 was- crystallized from SREEHEBROIMERer
(3:1, 150:50 nmL) and stored in the refrigerator overnight The solids were
collected by filtration and washed with ethanol :water (3:1, 120 nil..),
water (30 nmL), hexanes (30 nmL) and dried2under high vacuumto obtain 5.8 ¢
(93% yield) of 5-iodo-1,3,6-trirethyl uracil as a white solid: np 155-157
C El- HRM5 me calcd for CHI1IN202 (M) 279.9709, found 279.9709. 20 b)
Pr epar at i on(lb%.6-trimethyl-2,4-dicxo-5-pyrimidinyl)-L-phenylalanine methy] ester as an
N-[(1, 1-di methg/pLetho %C?%ﬁf%ﬂ J.-4-(1, 3, 6-trimethyl -2, 4-di oxo-
5- pyr | m i nGTPRBSERERG salish ErERMS Y cded far CrbluheOp G ) W 20564 fomng
O7HSI N202  A41.205%Y : 280. 06 Owve PCT/ EPO0O/ 11884 HN- -g O O CnH29N306 Mol .
W.: 431.48 OV To a suspension of zinc dust (800 nmol, 5229 g) in THE
(26.0 nmL) was added 1, 2- di bronoethane (53.2 mmol, 4.58 nlL) at room
t enpessat ur ec) mﬁrmwims-meméhe&oi&sqg@%dﬁﬂi- ha3n19@hingun unti|

e sus

evol ution of ethylene gas ceased (Observed). pension was cooled to
roon1tenperat@Fg%dﬁﬁﬁﬁﬁFﬁ9¢§ﬁW %éﬁlane (26.6 nmol, 3.38 nL) was added and
the m xture was stirred for 15 mn. A suspension of 5-iodo- :
1,3,6-trixnethyl uracil (266 mml, 74.6 g) in DVA (225 nL) was warned to
obtain a clead sqlution and was added in one portign to the reaction -
mxture. AfP NagHi tion, the nixture was heated C. The interna

t enperature eaction m xture 10 rose to 80-85 due to the

exot hernic reagti d The reaction mxture was stifr

4N HCI in dioxane
OMe =
SIUH rt,1h HCLEN- Ny OMe
0—~0© o
CH; N304 ' C;H,,CIN,O,
Mol. Wt.: 431.48 Mol. Wt.: 367.87

portion of the solid N-{(1,1-dimethylethoxy)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-

10 5-pyrimidinyl)-L-phenylalanine methyl ester (17.15 mmol, 7.4 g) obtained above was
treated with 4N hydrochloric acid in dioxane (68 mmol, 17 mL} at room temperature
and the solution was stirred for 1 h as a white precipitate formed. The mixture was
diluted with diethyl ether and the supernatant was decanted and the residue was
dried first on the rotary evaporator and then under high vacuum to afford 6.28 g

15 (99% vield) of 4—(1,3,6-triniethy1—2,4—dioxo-5—pyri.midinyl) -L-phenylalanine methyl
ester hydrochloride salt as an amorphous yellow solid. FAB-HRMS m/e calcd for
C17H N304 (M+H) 332.1610, found 332.1617.

d) Preparation of N-[(2,6-dichlorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-
20 5-pyrimidinyl)-L-phenylalanine methyl ester



70 C for 3-4 h at which time TLC of an aliquot which had-been quenched wth
saturated amoni um chl oride indicated the absence of startingJut2iG4al . The
reaction r{'g&togfgzzwas diluted with THE (140 .M.), was cooled to room

t enper at ur A#* he excess zinc dust was allowed to sett| BCHERPULHSS b 15
This solution containing the zinc conmpound (266 nmol) was added to a '
solution of Pd(dba)2 (8 mmol, 4.6 g), tri-o-tolyl phosphine [P(Tol)3] (29-6
mmol, 9.0 g) and N- [(1, 1-di met hyl et hoxy4Tar bonyl ] - 4-i odo- L- phenyl al ani ne
met hyl ester (186 mml, 75.56 g) in THE (280 nL) at room tenperature and
the |ight yeIIow m xture was stirred for 48 h at 50-55 C. The reaction

m xture was o dred . into a saturated 20 ammoni um chl ori de sol uti on and was
extracted w ; acetate (3 x 750 m). The conﬁl ned extracts were
washed with N' DA ution (1.5 L) and dried over anhh ¢ magnesi um

product which s

Bi otage (75m col u ,L

N-[ (1, 1- di et hyt-€t ho ar bonyl 1 1 . @n2elst, G3{edba) 2,
P(tol)3 4 June 2 04 V\D 01/ 422 CQBI EPW 11884 42

(1,3,6-trinme %?} OXOE?) nyI ) - L- phenyl al anl me@hyl ester as
an anor phous o) caI cd for C H29N30 %) 431. 2056,

found 431.2054. 5 c) Preparation of H,.CLN.O
4-(1,3,6-trimethyl -2, 4- di oxo- 5- pyrlmdl nyl ) - L- phenyl albmz%v’ﬁ,gz odfyt hyl ester
hydrochloride salt i . 01--"N-,,, 001 N ~O 4N HCl in dioxane C, H 306
Mol . W . : 439 asgspension of 4-(1,3,6-trimethyi-7,4-dioxo- -5~pyrimidinyl)-L-phenylalanine

methyl ester hydrochloride salt (3.12 mmol, 1.15 g) and 2,6-dichlorobenzoyl
chloride (3.51 mmol, 0.735 g) in dichloromethane (40 mL) was added
5 diisopropylethylamine (9.36 mmol, 1.63 mL) at room temperature. After 1 min,

everything went into solution and the clear yellow solution was stirred for 20 h at
room temperature. The resulting brown solution was diluted with dichloromethane
(50 mL). The dichloromethane layer was washed successively with 1N hydrochloric
acid (2 x 50 mL), saturated sodium bicarbonate solution (50 ml), and brine solution

10 (50 mL) and was 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 (40m) column to afford 1.46 g (93% yield)
of N-[(2,6-dichlorophenyljcarbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-1.-
phenylalanine methyl ester as an amorphous white solid. FAB-HRMS m/e calcd for

15 C2sH23CLN3Os (M+H) 504.1093, found 504.1083.

¢) Preparation of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine



Ow :go .T,., - .Y-,K.O r.t.,1 h 0 C17H22C1N304 Mdl. W.: 367.87 A
portion of the solid 4 June 2004

N-[(1, 1-di et hi/l et hox)r)carbonyl]-4-(1, 3,6-trinethyl-2,4-di oxo- 10

5-pyri ni dWRP¥422%henyl al ani ne methyl ester (17-15 mmol, 7PCI/EROOUSSi ned .
above was treated with 4N hydrochloric acid in dioxane (68 mmol, 17 nL) at
roomtenperature and the solution was stirred for | h as a white
precipitate formed. The m xture was dil4g¢ed with diethyl ether and the
supernat ant was decanted and the residue was dried first on the rotary
evaporator and then under high vacuumto afford 6.28 g 15 (99% yi el d) of
4-(1, 3,6-trinmet hyPHsz, 4-di oxo-5-pyri mdinyl)-L-phenyl a] ani ne nethyl ester
hydr ochl ori depga ae an anor phous yellow solid. FAB-BRVMS me calcd for
C17H21N304 (M+H 332. 1610, found 332.1617. d) Pr +:@n of

N-[ (2, 6-di chi] ardpeER arbonyl]-4-(1,3,6-triunet , 4- di oxo- 20

5-pyrim di nyP)- L-S%Pe | ani ne net hyl ester 4 H@e 01/ 42225 43 H CE
H2N O C17H22ClI N334 sVot" W 367.87 Ove+ r ~Y ' Cl CEHCT 30 Mol. W.:
209. 46 PCT/ EPOQO 11884 Cl1 #ive O-CH,

Cl HN - | OH
o © 50
Ci o
CasHaaClNO;
Mal. Wt.: 504.36 CogHp CLN,O;
Mol. Wt.: 490.34

To a suspension of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine methyl ester (2:2 mmol, 1.11 g) in ethanol (12 mL)
was added aqueous 1.0 N sodium hydroxide (8.8 mL) at room temperature. The
5 mixture was heated to 45-50 °C and the resulting clear solution was stirred for

approximately 2 h. The ethanol was removed under reduced pressure and the residue
was diluted with water (50 mL) and NaOH (5 mL, 1.0N) to dissolve the sodium salt.
The aqueous solution was washed with diethyl ether (50 mL) to remove any neutral
impurities. The aqueous layer was acidified with 1.0 N HC| and the product was

10 extracted into ethyl acetate (2 x 75 mL). The combined organic extracts were washed
with brine solution (100 mL) and were dried over anhydrous magnesium sulfate.
Filtration of the drying agent and concentration of the filtrate afforded 970 mg (90%
yield) of N-[(2,6-dichlorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine as a white solid: mp 225-227 °C. FAB-HRMS m/e calcd

15 for CusHp CLN3Os (M+H) 490.0937, found 490.0940.

Example 7. Preparation of N-[[1-(2-methoxyethyl)cyclopentyl] carbonyl}-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine

20 a) Preparation of N-[[1-(2-methoxyethyl)cyclopentyl]carbonyl]-4-(1,3,6-trimethyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester



C24H23C12N3G5 Mol . W.: 504.36 To a suspension

of 4-(1, 3,6-trirnethyl -2, 4-di oxo-5-pyrim di nyl)-L-phenyl al ani dunargd(Hy |

ester hyd‘gshl oride sal t (3.12 mol, 1.15 g) and 2, 6-di chl orobenzoyl
chloride (8O8¥##d1, 0.735 g) in di chl or onet hane (40 m) wWeCT/ERR94d8sy

du' sopropyl ethylamne (9.36 mmol, 1.63 nL) at roomtenperature. After 1
mn, everything went into solution and the clear yellow sol ution was
stirred for 20 h at roomtenperature. TH® resulting brown sol ution was
diluted with dichloronethane (50 nL). The dichloronethane | ayer was washed
successively with 1IN hydrochloric acid (2 x 50 nL), saturated sodi um

bi car bonat e Ill’t |c9n (50 m), and brine solution 10 (50 |rrL) and was dried
over anhydroa§’ Fohesi um sul fate. Filtration of the 0 agent and
concentrati opNg crude product wh as. purified by
silica gel chrofmati Pagel({gJ | um tfo rd 1.46 g
(93% yield) of N | ycarba
[ o _ m di nyigkxk;24phenyl al ani pgy
as an anor phous white said. FAl rile calcd for 14

504. 1093, found . e) Poepalakizon of

N-[ (2, 6-dichl ormﬁgézmﬁ&hrbonyl] -4-(1,3,6-trinmethyl -2, 4-di
5-pyrimdinyl)-L-phenyl al ani ne 4 June 2004 WO 01/ 42225 éﬁ‘-‘@ C12N3Cb
Mt. W.: 504.36 O CH3 H C23H21 C 2N305 Modl. W.: 490.

suspensi on of° aguspgsion.of dcldi3et-trinetyl- 3.4 i §iplyrimidinyl)- L-phenylalamne
-4-(1,3,6-tn 1 G 1yl Ian net.hyl, ester
(12 ol 1 Ao et Btp A sl @4 i 198 el B RS Doty RelTE A

hydr oxi de (8- -m&oweﬁﬂmommwmm (05mm01 86m )mDMF (2 mL)

5 was added diisopropylethylamine (1.2 mmol, 0.29 mL) at room temperature. After 5
min, everything went into solution and the clear yellow solution was stirred for 24 h
at room temperature. The resulting dark-brown solution was diluted with ethyl
acetate (30 mL). The ethyl acetate layer was washed successively with 1N
hydrochloric acid (2 x 30 ml), saturated sodium bicarbonate solution (30 mL), and

10 brine solution (30 mL) and was dried over anhydrous magnesium sulfate, Filtration

sol vent gave th
aphy usiMep.a Bi

)
(46

of the drying agent and concentration of the solvent gave the crude product which
was purified by silica gel column chromatography using a Biotage (40m) column to
afford 139 mg (72% yield) of N-[| 1-(2-methoxyethyl)cyclopentyl}carbonyl]-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester as an amorphous

15 white solid. FAB-HRMS m/e calcd for CpgHasN3Og (M+H) 486.2604, found
486.2602.

b) Preparation of N-{[1-(2-methoxyethyl)cyclopentyl] carbonyl]-4-(1,3,6-trimethyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine



5 mxture was heated to 45-50 C and the resulting dear solution was stirred
for approximately 2 h. The ethanol was renoved under reducetlJyreed¥dre and
the residue was diluted with water (50 nL) and NaOH (5 nL,1.ON) to

di ssol ve WRD148PSum salt. The aqueous sol uti on was washed®GWEReoMisst hy|
ether (50 nL) to renove any neutral inpurities. The aqueous |ayer was
acidified with 1.0 N HC and the product was 10 extracted into ethyl
acetate (2 x 75 nL). The conbi ned organi4s extracts were washed w th brine
solution (100 nm.) and were dried over anhydrous magnesi um sul f at e-
Filtration of the drying agent and concentration of the filtrate afforded
970 ng (90% Vi erdi), of H

N-[ (2, 6-di chlogopheny!l ) carbonyl ]-4-(1, 3, 6- trld”retg f @, 4- di oxo-5-

pyri m dinyl)-L- he yl al anine as a white SO|Id rrp P25-227 C. FAB-HRMS nl e

cal cd 15 fog &= N305 (M+H) 490. 0937, %uhf 0. Exanple 7
Preparation &f N %’L"l @ et hoxyet hyl )cycl oper®’yl ] carb ]1-4-(1, 3, 6-
trimethyl-2,4-di 0x®- oy m di nyl ) - L- phenyl al ani s FROO 11884 20 a)

Preparation of

N-[[21-(2- rrethoxyethyl)ti cl entyF]carbonyI |4 (1, 3, 6- tHNTE yﬁ _
2, 4- di oxo-5-pyri {phenyl al ani ne net hyl @ t 4rJuice 2004 WO

01/ 42225 PCT/ EPOO/ 1 NCO 0.,-N, ~O 0 C7f G
O M. t?d2.22 Ow

SN 06 I\/bt" t: 85.57 To a susp
4-(1, 3, 6-trinmet hy, +Hnodi oxo-5-pyrim dinyl)-L- phe&gha}q%‘n ne

Mol. Wt.: 485,57 Mol. Wt.: 471,55

To a suspension of N-[[1-(2-methoxyethyl)cyclopentyl] carbonyl]-4-(1,3,6-trimethyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester (0.273 mmol, 133 mg) in
ethanol (3 mL) was added aqueous 1.0 N sodium hydroxide (1.5 mL) at room e
5 temperature. The mixture was heated to 40-45 °C and the resulting clear solution was

stirred for 15 h. The ethanol was removed under reduced pressure and the residue
was diluted with water (25 mL) and NaOH (3 ml, 1.0N) to dissolve the sodium salt.
The aqueous solution was washed with diethyl ether (50 mL) to remove any neutral
impurities. The aqueous layer was acidified with 1.0 N HCl and the product was

10 extracted into 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 afforded 121 mg (94%
yield) of N-[[1-(2-methoxyethyl)cyclopentyl]carbonyl}-4-(1,3,6-trimethyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine as an amorphous white solid. FAB-HRMS

15 m/e caled for CosHssNsOg (M+H) 472.2448, found 472.2467.

Example 8. Preparation of N-[(2-bromo-6-methylphenyl)carbonyl]-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine



met hyl ester hydrochloride salt (0.4 mmol, 173 ng), HBTU (0.5 mmol, 189 ny)
and 1-(2-net hoxyet hyl)cycl opent ane carboxylic acid (0.5 mo}Juga2ded) in
DMF (2 nml). 5 was added diisopropylethylamne (1.2 nmmol, 0.29 nL) at room
tenperat M@ %8B 5 nin, everything went into sol uti on BFIERYIESEar

yel l ow solution was stirred for 24 h at roomtenperature. The resulting
dark-brown solution was diluted with ethyl acetate (30 nlL). The ethyl
acetate | ayer was washed successively w4/h IN hydrochloric acid (2 x 30
m), saturated sodi um bi carbonate solution (30 nL), and 10 brine solution
(30 mL) and was dried over anhydrous magnesium sulfate. Filtration of the
dryi ng agent anth'anentratl on of the solvent gave the crude product which
was purified bﬁ,ﬂ | ,Loa gel col unm chromat ography using a Bi otage (40m
colum to affdrd 139 ng (72% yi el d) of

N-[[1-(2-nmegh eyl ysycl opentyl] carbonyl) -4-(1, 3, 6-

trinmethyl- i rimdinyl)-L-phenylalanine methyl ester as an

anor phous 15 whit .
found 486.2602. b) Prepakatjopn of

N-[[I-(2-nmethoxyet hy]) &sfcl dpentyl ] carbonyl]-4-(1,3,6-trinethyl-

2, 4- di oxo-5-pyrirai O-Q- phenyl al ani ne 4 June 2004 WO 01/ 42225 46

PCTI EPOO/ 118%4 C26. 06" C25HWN3C6 Mol . W.: 485.57 Mol. W.: 471.55 To a
suspensi on of N-[] giet hoxyet hyl ) cycl opentyl ] carbonyl ] :
-4-(1,3,6-trinethyly B7r 45.di 0x0-5-pyri m di nyl) - L- phenyl al ani ne net hyl ester
(0.273 nmol , 13 3 sgt hanol (3 nL) was added aqueous 1.0 N sodium

hydr oxi de (1 5 af room5 tenperature. The m xture was heated to 40-45 C

and the r esNI-E(l-lbgombe‘ameﬁq’llphen}dmmyl]set—(lBéetrﬁmmbﬂ@ Hrdioklbes-et hanol was
renoved und d_the resid | th_water (25
m.) and mm%&f% nglgllaigﬁggp Bref’ﬁrgdgr g?ﬁé&fm‘" é’ﬁutggq%n 2 sol ution
was washed pyrithideiyé)- hmheaylﬂemn(e Biethiyh ktert amdr 2hrotro-Sryrethglbensdic am&nbih t| es.
The agueous th 1 and th ro
ext ragt ed i negxge[rﬂwgace 2008 ?e_g' ‘W"UZW? }\Ial’thg C#’B'?lﬂ ‘ga'%? g‘l’r?ﬁo ’E"tPact s
wer e washed240-242°C. FAB-HRMS m/e calcd for CpgH24BrN3Os (M+H) 514.0978, found

514.0965.

Example 9. Preparation of N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1,3,6-
10 trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
oH,
OYN 0
HG

CH,

HN OH

00

Cl
CaaHp4CINO;
Maol. Wt.: 469.92

N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-

pyrimidinyl)-L-phenylalanine was prepared from 4-(1,3,6-trimethyi-2,4-dioxo—5-

pyrimidiny})-L-phenylalanine methyl ester and 2-chloro-6-methylbenzoic acid using
15 the general procedures described in example 7 and was obtained as a white solid: mp



with brine solution (50 nL) and were dried over anhydrous magnesi um
sulfate. Filtration of the drying agent and concentration of Junee2God trate
afforded 121 ng (94% yield) of N-[[1-(2-nethoxyethyl)cyclopentyl]carbonyl)
-4- (1, 3, 6@ PRIy - 2, 4- di oxo-5-pyri ni di nyl) - L- phenyl al ak¢TEP@A 1S :
anor phous white solid. FAB-HRVS 15 nf e calcd for C25H33N306 ( M+H)

472. 2448, found 472.2467. Exanple 8. Preparation of

N-[ (2- br ono- 6- et hyl phenyl ) car bonyl ] - 4- ( 83, 6-

trimethyl -2, 4-di oxo-5-pyrimdinyl)-L- phenyl al anine 4 June 2004 WD 01/42225
47 OH C24H24Br N3Cb PCT/ EPOO/ 11854 Mol . Wt _:514.37 N |

( 2- br ono- 6- N2ABFAOPRCRABYMRMY dalcd- fbﬂcﬁ}ﬁﬂlmﬂ)?@hlﬂééﬁ) 476148030 Rna-

pyri m di nyl )% lﬁgfnyl al ani ne was prepared from
4-(1, 3,6-tritet 2, 4-di oxo-5- pyrimdinyl)-L-phenyl al ani ne net hyl ester

and 2- brono- 6- net hyl benzoi ¢ acid using 5 the general procedures described
in exanple 7.and obt ai ne e soji 240- 242C. FAB- HRVS nn/ e
cal cd for Cﬁ@?ﬁ%&e RafAtgn @ﬁf@gg@ﬁ?&ﬁﬁ]@@@%@bgﬂﬂﬂéﬂ@ﬁe 9.

Preparati on teiinetiryl-@2¢-divxor D ppridiedihyl)-p) Yhatdeonyl | - 4- (1, 3, 6- 10
trinmethyl -2, 4- le&ﬁ) 5- pyrlmdl nyl ) - L- phenyl al anine CH3 OyNyO H3C OH
C24H24C N305 Mol i"' 8N . : 469. 92 N-[(2-chl oro-6-nethyl phenyl ) carbonyl ]
-4-(1,3,6-tri ® 4-di oxo-5- pyrim di nyl ) - L- phenyl al ani ne was prepared

from4-{1,3,6-t ' thyl -2, 4- di oxo-5- pyrimdinyl)-L-phenyl aI ani ne net hyl
ester and 2-#fl0 yI benzoic acid using

CogHzgN50;
Mol. Wt.: 463.53

N-[(2-ethyl-6-methylphenyl)carbonyl] -4-(1,3,6-trimethyl-2,4~dioxo-5-pyrimidiny})-
L-phenylalanine was prepared from 4~(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylaianine methyl ester and 2-ethyl-6-methylbenzoic acid using the general

10 procedures described in example 7 and was obtained as a white solid: mp 127-133°C.
ES-HRMS m/e calcd for CogH2oN305 (M+Na) 494.1498, found 494.1501.

Example 11. Preparation of N-[[2-(2-methylethyl)-6-methylphenyi] carbonyl]-4-
(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
FHs
OYN 0]
Noz

H,C
CH,

HN OH

CarHaiN;O5
15 Mol. Wt.: 477.55




15 the general procedures described in exanple 7 and was obtained as a
white solid: mp 4 June 2004 WO 01/ 42225 PCT/ EPOQ 11884 48 2B31ne4504
FAB-HRMS rile calcd for C24H24CIN3C6 (M+H) 470.1483, found 470.1489.

Exanpl e 18VORVEE2} ation of N-[(2-et hyl - 6- met hyl phenyl ) car R§FR/FR041884 3 6-. 5
trinmet hyl - 2, 4- di oxo- 5- pyri Fni di nyl ) - L- phenyl al ani ne CH3 OH C26H29N305 Mol .
W.: 463.53 N [(2-ethyl-6-nethyl phenyl)carbonyl ]
-4-(1,3,6-trinethyl -2, 4-di oxo-5-pyrirai déhyl ) - L-phenyl al ani ne was prepared
froma4-(1,3,6-trinethyl-2,4-di oxo-5-pyrimndinyl)-L- phenylal ani ne net hyl
ester and 2-ethy|-6-net Iben20|c acid using the general 10 procedures
descri bed i rNd{@iﬁ#ﬂmﬁtﬁYl ) Geethiplphemd ftadonyl ]| vih{ 1, 56-stnethyl-0-did¥e-533C.

e e
;5,81 et o gpmint o naic sl svcgieis Lo,
ﬁxﬁgﬂne gézez?lﬁ:’??égeny?f&ng fl?an‘ra was obtained as an [

[2- (2-nethyle

(1,3,63tri rr@trmgrp QusﬁvhitmdeES -HRM $rirde ca;}dd)fetcﬁhﬁﬂ%ml(mm 50021p6.epar ed
from4-(1, Sf??; 6Byl 2, 4-di ox0-5-- . pyrimdinyl)-L-phenyl al ani ne net hyl
ester and 2 ethyl) 6- nethylben20|c

Example 12. Preparation of N-[(2,6-difluorophenyl)carbonyl}-4-(1,3,6-trimethyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
oH,
OYN O
H,c N

. 023H2‘l F2N305
10 Mol. Wt.: 457.43

N-{(2,6-difluorophenyl)}carbonyl}-4-(1 »3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine was prepared from 4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine methyl ester and 2,6-difluorobenzoic acid using the general procedures
described in example 7 and was obtained as an amorphous white solid. ES-HRMS

15 m/e caled for CpsHziF2N305 (M+Na) 480.1483, found 480.1489.

Example 13. Preparation of N-[[2-fluoro-6-(trifluoromethyl)phenyl] carbonyl]-4-
(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine



acid using the general procedures described in exanple 7 and was obt ai ned

as an 5 anorphous white solid. ES-HRVS mle calcd for CH31N3GhJynad@p

500- 2156, found 500.2160. Exanple 12. Preparation of

N-[ (2, 6- d¥Q WA28Fhenyl ) car bonyl | -4-(1, 3, 6-trimet hyl - PCT/EP00/11884 .

2, 4-di ox0-5--pyrimdinyl)-L-phenylalanine CH3 OH F C23Hz1F2N3Gs 10 Mol . -

W.: 457.43 N |

(2, 6-di fluorophenyl)carbonyl }-4-(1, 3, 6-t59 net hyl - 2, 4-di oxo-5-pyrirnidinyl)

-L- phenyl al ani ne was prepared from '

4- (1, 3,6-trinethyl -2, 4-di oxo-5-pyri mdinyl)-L- phenyl al ani ne nethyl ester

and 2, 6-difl uorobflmg,zoi c acid using the general procedures described in

exanpl e 7 andgp obpai ned as an anor phous white solid. ES-HRVMS 15 r:nle

cal cd for Ca3H 306 (M+Na) 480. 1483, found 480.1489. Exanple 13.

Preparation I-?E" ‘ oro-6-(trifluoronethyl)phenyl]carbonyl]-4-

(1, 3, 6-trinet’hyl - X0-5-pyri mdi nyl)-L-phenyl ai anine 4 June 2004 WD

59 OH CF3 C24H21F4AN305 Mol. W.: 507.43 N

Y| Ygahenyl ) car bonyl ]

-4-(1,3,6-trimethyl -B, #Ndi ofo- 5- pyrinidinyl)-L-phenyl al ani ne was prepared

from4-(1,3,6-trinetRylR,.42di oxo-5- pyrimdinyl)-L-phenyl al ani ne net hyl

ester and 2-fluoro tri?l uor oret hyl ) benzoic 5 acid using the general

procedures describedA nggxanple 7 and was obtained as a white solid: np

218-220C. ES- HRIVBCV&’ §EI 8 for G25Ha. 3FAN3C5 (MtNa) 530. 1310, found

530. 1317. Exanpl e"#241 4Ppepar at i on of

N-[[2, 6-di - (2- meMAy Ve 38748 0henyl ] car bonyl |- 4- (1, 3, 6-
N-[(2-fluoro-6-(trifluoromethyl)}phenyl)carbonyl]-4-( 1,3,6-trimethyl-2,4-dioxo-5-

pyrimidinyl)-L-phenylalanine was prepared from 4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine methyl ester and 2-fluoro-6-(trifluoromethyl)benzoic

5 acid using the general procedures described in example 7 and was obtained as a white
solid: mp 218-220°C. ES-HRMS m/e calcd for CpsHa3FN3Os (M+Na) 530.1310,
found 530.1317.

_ Example 14. Preparation of N-[{2,6-di-(2-methylethyl)phenyl}carbonyl}-4-(1,3,6-
10 trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
CH,
]
OYN O
HC
CH

3

HN OH

029H35N305
Mol. Wt.: 505.61

N-[[2,6-di-(2-methylethyl)phenyl] carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-

pyrimidinyl)-L-phenylalanine was prepared from 4-(1,3,6-trimethyl-2,4-dioxo-5-

pyrimidinyl)-L-phenylalanine methyl ester and 2,6-di-(2-methylethyl)benzoic acid
15 using the general procedures described in example 7 and was obtained as an



10 trinethyl -2, 4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne CH3 OH CCH35N3CH

Mol . W.: 505.61 N 4 June 2004
[2, 6-di - (2. neth ethyl)phenyl]carbonyl] 4-(1,3,6-trinethyl -2, 4-di oxo-5-
pyri mi di nyWP- 94 anyl al ani ne was prepared from PCTIEPGOIIIB& )

4- (1, 3,6-trinethyl -2, 4-di oxo-5- pyrirnidinyl)-L-phenylal ani.ne nethyl ester
and 2, 6-di-(2-nethylethyl)benzoic acid 15 using the general procedures
described in exanple 7 and was obtai ned a6 an 4 June 2004 WD 01/ 42225

PCTI EPOQ' 11884 51 anor phous white solid. ES-HRVS nmfe cal cd for C29H35N305
(MtNa) 530.1310, found 530.1317. Exanple 15. Preparation

of N-[ ( 2- chl omoazheuwhpﬁmm Fe&Rhn/ cded for 8odH358505 (M+Na) 530.1310,

trimethyl - U%H??@lﬁ-;pyrl m di nyl ) - L- phenyl al ani ne a) Preparation
of N- (2- chl oro uorobenzylidi ne)butyl amine (Ro 50-5007/000, 30935- 229)
Cl G 1H13CIFN Mot. W.: 213.68 10 To a suspensi on of

mdded nebur PO ERALEAC G- Aitoss ARy Bheh AR IR S bar or
addi ti 8n, arﬁ@ﬁhﬂé‘r%ﬂmxpeﬁapmmxdlmd)i@enﬂﬂanﬁﬂedl ssol ved conpl etely. The
sol ution was, % ak%no?ﬂ-g;ﬁgé}o-égﬁ mbe gﬁ]tf?ii"b was transferred |3$ ioeg

separatory f nne rine 6 m.) and was

over anhydrcﬁR@frﬁ’a@Qé&OO,rﬁO%S-éw)f ate. Filtration of the dryi ng agent and
concentration gave a yellow oil which was purified by distillation under
hi gh vacuum (bp 95-98C/4.5 mm Hg) to obtain 86.31 g (97% yield)

of N- (2- chl or o- 6- f tNiqrokenzyl i di ne) butyl anmine as an yellow oil. El- HRVS
me calcd fog, CLIHL3CI FN (M+) 213.0720, found 213.0714. 20 b) Preparation
~of 2-chl oro-86- enzal dehyde

C,1H,CIFN
Mol Wt.: 213.68

10 To a suspension of 2-chloro-6-fluorobenzaldehyde (416 mmol, 66 g) in heptanes
(200 mL} was added n-butylamine (460 mmol, 45.5 mL.) at room temperature, After
addition, an exothermic reaction as the solids dissolved completely. The solution was
stirred for 3 h at room temperature, was transferred into a separatory funnel, was
washed with brine solution (200 mL}) and was dried over anhydrous magnesium

15 sulfate. Filtration of the drying agent and concentration gave a yellow oil which was
purified by distillation under high vacuum (bp 95-98°C/4.5 mm Hg) to obtain 86.31.
g (97% yield) of N-(2-chloro-6-fluorobenzylidine)butyl amine as an yellow oil. EI-
HRMS m/e caled for CyHisCIEN (M) 213.0720, found 213.0714.

20 b) Preparation of 2-chloro-6-ethylbenzaldehyde
H._.O

Ci

C4H CIO
Motl. Wt.: 168.62

To a solution of N-(2-chloro-6-fluorobenzylidine)butyl amine (15 mmol, 3.21 g} in
THEF (20 mL) was added dropwise a solution of ethylmagnesium bromide (30 mmol,
30 ml, iM) in THF by maintaining the temperature at 5-15°C. After addition, the




H -,,-0C COHOCIO Mot. W.: 168-62 To a solution of

N- (2- chl or o- 6- $uor ar obenzyl i di ne) butyl amine (15 nmol, 3.21 4yune200#HE (20
m.) was added dropw se a solution of eth)], magnesi um br oni de (30 mol, 30
m, 1M | W83 mmintaining the temperature at 5-15C. AfRGWERQSHISSB#on, the
4 June 2004 WO 01142225 PCT/ EPOQ/ 11884 52 reaction mxture was allowed to’
warmto 20C and was stirred for 5 h. Then, it was cooled to OC (ice bath)
and 20% HCl in water (50 rnL) was added 52 opwi se while nmmintaining the
tenperature below 15C with ice bath cooling. After addition, the mxture
was allowed to warmto roomtenperature and was stirred for 15 h. Then, it
was di | ut ed madtionusixewe WaSalldwedato dvaginito Q0% shdvivhdstizted br aﬁerlaéngzt&%sx 50

m.). Th o ed wt tion (100 m) and
dri)ed oxe/erco‘!%kﬁggg‘% it sﬁ@ﬁf‘ém’iﬁf h"i‘f‘&k‘? 64‘1%?1@50 Y{E‘l"a)gent and
concentrat i cmmg&mang the2@mgera8Rebyloed K57C @fith&céﬂf&tﬁ&@ol Aft&'élﬂiﬁ&i gahyde as

an yel | ow 0| for HOC10O ( M+ , found 167. 0263.
10 2:/) Prepara |o RQ@W I%?”S‘@%t’ﬂ%’ ‘EfF’E‘“é\E‘i’- wa‘i—f@“'e 15 kot 62 Mol .

W.: 184.62 wa ddutedmtli\mmﬁ(ﬂawm&ar&h SRRRGAAAL0E FEE acetate {2 x 50 mL) The

was added a RACIHACGRHTS HEvapaRr LB IRk sliies A | 0. 465 0)

, 0. 465 9)
Inl W?ter (]Zaﬁh}’dr)mmﬁ%nt\mﬁxhﬂfatwﬁﬂﬁﬁ@éh Sahediydgs 4gkn Bm?ao&g%@a#fn gd g
solution o c er mas adde
dr opwi se at Z;ﬁ %;?ttr?tﬁl('{ é%?@iﬁé’(@?ﬁ? g [-HiMem/addi ti on,
the vyell owcggggﬁ.r@m(y\@ﬁﬁ&gfﬁf& fhalig7 8@ OoC to room tenperature. At
this itd me TLC

¢) Preparation of 2-chloro-6-ethylbenzoic acid
HO . _.O

Cl

CoHSCIO,
Mol. Wt.: 184.62

To a room temperature suspension of 2-chloro-6-ethylbenzaldehyde (13.5 mmol,
2.27 g) in acetonitrile (25 mL) was added a solution of monobasic sodium phosphate

15 (3.4 mmol, 0.465 g) in water (7.5 mL) followed by hydrogen peroxide (1.8 mL, 30%).
Then, a solution of sodium chlorite (23.7 mmaol, 2.15 g) in water (20 mL) was added
dropwise at 0 °C while maintaining the temperature below 3°C. After addition, the
yellow suspension was stirred for 15 h at 0°C to room temperature. At this time TLC
analysis of the mixture indicated the absence of staﬁing material. Then, a solution of

20 sodium bisulfite (20.5 mmol, 2.8 g) in water (10 mL) was added dropwise at 0 °C
until the yellow color disappeared (KI-paper positive). Cooling is essential to control
the exothermic reaction. After 1 h, the solvent was removed under vacuum. The
neutral impurities were extracted with diethyl ether (200 mL). Then, the basic
aqueous solution was neutralized with 10% HCl to pH ~1. The precipitated white

25 solid was collected by filtration and dried at in air to afford 2.415 g (97% yield) of 2-
chloro-6-¢ethylbenzoic acid as an amorphous white solid. EI-HRMS m/e calcd for

CsHoClIO; (M™) 184.0291, found 184.0295.



anal ysis of the mxture indicated the absence of starting material. Then, a
solution of 20 sodiumbisulfite (20.5 nrnol, 2.8 g) in waterd¢u® 204 was
added dropwi.se at_0 C wuntil the yellow col or di sappeared (KI-paper
positive) WeIYH Y is essential to control the exotherni CPGHERWIIS After
1 h, the solvent was renoved under vacuum The neutral inpurities were
extracted with diethyl ether (200 nL). Then, the basic aqueous solution
was neutralized with 10% HC1 to pH --1. She precipitated white 25 solid was
collected by filtration and dried at in air to afford 2.415 g (97% yi el d)
of 2- chl oro-6-ethyl benzoic acid as an anorphous white solid. ElI-HRVE nle
calcd for GOHB@pPemtoMef NtH2-dDRE0;6-éthyipHeriyB)tatbdal]-44(1)3)6-eridRE1-1@- 01/ 42225
53 PCTI EPOO 11 [} 1 QR _Ofy N, - Ghl or o- 6- et hyl phenyl ) car bonyl ]
-4-(1,3,6-trine gﬁ%aﬁﬁﬁﬁgﬁgi%gg@ggéfﬁP%P&@pﬁFﬁgbhenylaIanine net hyl ester
?H3 O N, -,-0O @HH3 C26H28CIN30C6 Mol . W.: 497.98 To a suspension
of4-(1,3,6-tri ©2, 4- di oxo-5-pyri m di nyl) - L-phenyl al ani ne 5 net hyl

ester hydrochlolidg salt (0.5 mml, 184 ng), HBTU (0.7 mmol, 265 ng) and

2- chl or o- 6- g lpy™ &vacid (0.7 mml, 129 ng) in DMF (2 nL) was added

di i sopropyl ethyl .25 mmol, 0.22 nL) at roomtenperature. After 5
mn, everything went solution and the clear yellow solution was

stirred for 15 h at _roomie ture. The resulting dark-brown sol ution
was diluted with eth$l ethte 16 (30 mL). The ethyl acetate |ayer was
washed successi vel y a4 6I\Ohydrochl oric add (2 x 30 nL), saturated sodium
bi car bonat e sol uti 0 nL), and brine solution (30 nL) and was dried
over anhydrous nagn sulfate. Filtration of the drying agent and

concentration of the sollvent gave the crude product which was purified by
silica gel col urm ﬁh&mt ography using a Biotage (40m colum to afford
175 mg (70% Mo?f5 V\??.: 49%’.38
To a suspension of 4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
5 methyl ester hydrochloride salt (0.5 mmol, 184 mg), HBTU (0.7 mmol, 265 mg) and
2-chloro-6-ethylbenzoic acid (0.7 mmol, 129 mg) in DMF (2 mL) was added
diisopropylethylamine (1.25 mmol, 0.22 mL) at room temperature. After 5 min,
everything went into solution and the clear yellow solution was stirred for 15 h at
room temperature. The resulting dark-brown solution was diluted with ethyl acetate
10 (30 mL). The ethyl acetate layer was washed successively with 1N hydrochloric acid (2
% 30 mL), saturated sodium bicarbonate solution (30 mL), and brine solution (30
mL) and was 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 column chromatography using 2 Biotage (40m) column to afford 175 mg (70%
15 yield) of N-[(2-chloro-6-ethylphenyl)carbonyl]-4-(1,3,6-trimethyl- 2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine methyl ester as an amorphous white solid. ES-HRMS
m/e caled for CysH2CIN3O5 (M+Na) 520.1611, found 520.1613.

e) Preparation of N -[(2-chloro-6-ethylphenyl)carbonylj-4-(1,3,6-trimethyl-2,4-
20 dioxo-5-pyrimidinyl)-L-phenylalanine



15 yield) of

N-[ (2-chl oro- 6- et hyl phenyl ) carbonyl ]-4-(1, 3, 6-trinet hyl - 2, 4-Hiwecz®4

pyri m di nﬁ% ﬂghenyl al ani ne nethyl ester as an anorphous white solid.

ES- HRVS OHRRED for C26H28CI N30$ (MrNa) 520. 1611, found®PCIZPISBINS e) .

Preparati on of N-[(2-chloro-6-ethyl phenyl)carbonyl]-4-(1,3,6-trinethyl-2,4-

20 di oxo-5-pyrimdinyl)-L-phenyl al ani ne 4 June 2004 WD 01/ 42225 54 OH

PCT/ EPOO/ 11884 C25H2CGCIN3C6 Mol . W.: 483.94 To a suspension of.

N-[ (2-chl or o- 6- et hyl phenyl ) carbonyl ]-4-(1, 3,6-trinethyl -2, 4-

di oxo-5-pyri m di nyl)-L-phenyl al ani ne nethyl ester (0.33 nenol, 164 ng) in

ethanol (2 nlL) L added aqueous 1.0 N sodi um hydroxide (0.7 nL) at room

tenperature. § The ppxture was stirred for 3 h at roomtenperature. The

et hanol was renpved under reduced pressure and the residue was dil uted

w th water z ¥¢ aqueous solution was washed with diethyl ether

(30 nL) to rénove utral inpurities. The aqueous |ayer was acidified

with 1.0 N HO ar S oduct was extracted into ethyl acetate (2 x 35

mL). The conbi ned or gani cAexigipcts were washed with brine 10 solution (50

m.) and were dried oweﬁ anhydr ous magnesi um sul fate. Filtration of the

dryi ng agent and c ﬁtﬁ)on of the filtrate afforded 138 ng (87% yi el d)
yl p

of N-[(2 chl oro-6 enyl ) car bonyl ]

-4-(1,3,6-trimethy A di oxo-5-pyrimdinyl)-L- phenylalanine as a white
solid: rrp 187- 190C ES— RVS We cal cd for Cz5H26CI N3OG6 ( M+rNa) 506. 1459,

- found 506. 1455. e 16. Preparation

of N-[ (2- chl or o- G, 1i ?‘ nyl)carbonyl] 4-(1, 3, 6-

trinmethyl -2, 4-di | m di n)|)-L-phenyl al anine a. Preparation of

2- chl or o- 6-Po apgﬁpbﬂmmDf:Né[éI-dhloﬁC&IElﬂﬂﬂphenyl)mrbonyl]-4—(1 3,6-trimethyl-2,4-

dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester (0.33 mmol, 164 mg) in ethanol
(2 mL) was added aqueous 1.0 N sodium hydroxide (0.7 mL) at room temperature.

5 The mixture was stirred for 3 h at room temperaturé. The ethanol was removed
under reduced pressure and the residue was diluted with water (30 mL). The aqueous
solution was washed with diethyl ether (30 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 35 mL). The combined organic extracts were washed with brine

10 solution (50 mL) and were dried over anhydrous magnesium sulfate. Filtration of the
drying agent and concentration of the filtrate afforded 138 ﬁzg (87% yield) of N-[(2-
chloro-6-ethylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine as a white solid: mp 187-190°C. ES-HRMS m/e calcd for
CasHasCIN3O5 (M+Na) 506.1459, found 506.1455.

15 |
Example 16. Preparation of N-[(2-chloro-6-propylphenyl)carbonyl]-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine

a. Preparation of 2-chloro-6-propylbenzoic acid.

CO,H

20 Cl




Cl 4 June 2004 WD 01142225 PCT/ ENO 11884 55 2-chl or o- 6- propyl benzoic acid
was prepared from 2-fluoro-6-chl orobenzilidine)- butyl an ne 4de?@dy|
magnesi um brom de _using the general procedure described in exanple 15. 5
b. Prepar a¥PYy42225 PCT/EP00/11884
of N-[ (2- chl or o- 6- propyl phenyl ) car bonyl ] -4-(1, 3,6-trirnethyl -2, 4- ’
di oxo-5-pyri m di nyl)-L-phenyl al anine CH3 OH C26H2BCI N3C6 Mol . W.: 497.97
N [ (2-chloro-6-propyl phenyl)carbonyl] 58-(1,3,6-trinethyl-2,4-di oxo- 5-
pyrirnidinyl)-L-phenyl al ani ne was prepared from
4-(1,3,6-trirnethyl -2, 4-di oxo-5- 10 pyrirnidinyl)-L-phenyl al ani ne net hyl
gst er gng 2- &ehivro-6epropppendoinaid 'gaqme' ﬁarad;d frot Z—Hﬁm@e@-&hl FblrdoBHnﬁﬁia £es

escribed in obt al ned,as .a ite solid:, np, 225-227C.
ES- HRVE i e %ﬁ%@%@%&%ﬁﬁ‘dﬁ%ﬁ%ﬁ%ﬁ& genqr acedsl%‘?efsé‘?: ipg
Exanpl e 17. ®repde ¥i.i on of N-[ [ 2- chl or 0- 6- ( 2- et hyl et hyl ) phenyl ] car bonyl ] - 4-
(1, 3,6-trinethyl -2, 4-di oxo-5-pyrimdinyl)-L-phenyl aianine a. Preparation
of 2-chl oro-6-(2-nmethyl ethyl)benzoic acid. CO2H CI Mol ecul ar Wi ght =155. 56
Mol ecubar Fob-mPrepazation4fI-0(2- ¢hldnons pPaSb hARY IOk Hoh3 B 54- P13 SRR EABAA 56
2-chl or o- 6- ( 2- la%,{gyg_ﬁ %‘#%ﬁg‘@i c acjd.was prepared from 2-fl uoro- 6-
chl or obenzi | i di ne)bu %ﬁ ' a‘mfn%f”ﬁpyl magnesi um brom de using the
gener al CH,

OYN 0]
Nz
H,C

CH,

C! HN OH

CgtasCINO,
Mol. Wt.: 49797

N-{(2~chloro-6-propylphenyl)carbonyl]-4-( 1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine was prepared from 4-(1,3,6-trimethyl-2,4-dioxo-5-

10 pyrimidinyl)-L-phenylalanine methyl ester and 2-chloro-6-propylbenzoic acid using
the general procedures described in example 15 and was obtained as a white solid: mp

225-227°C. ES-HRMS m/e caled for CysHapCIN3Os (M+Na) 520.1611, found
520.1615.

15 Example 17. Preparation of N-[[2-chloro-6-(2-methylethyl)phenyl) carbonyl]-4-
(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
a. Preparation of 2-chloro-6-(2-methylethyl)benzoic acid.

CO,H
Ci

Molecular Weight = 155.56
Molecutar Formula = C7H4CIO2



procedure described in exanple 15. b. Preparation of

N-[[2-chl oro 6- (2- met hyl et hyl ) phenyl ] carbonyl ]--4-( 1,3, 6- 5 June 2004
trimet hyI 4 d| oxo 5- pyri mdinyl)-L-phenyl al ani ne CH3 H3 C26H28CI NBCB

Mot . W@ #2504 N- [[ 2-chl or o- 6- (2- net hyl et hyl) pheny| |PCT/EP60/11884 :
car bonyl] 4- (1 3,6-t dmethyl -2, 4-di oxo-5- pyrimdinyl)-L-phenyl al ani ne was
prepared from4-(1, 3,6-trinmet hyI -2, 4-di oxo-5- pyrimdinyl)-L-phenyl al ani ne
nmet hyl ester and 2-chl oro-6-(2-nethyletisd )benzoic 10 acid using the
general procedures described in exanple 15 and was obtained as a white
solid: nmp 205-209C. ES-FIRMS rn/e calcd for C2628CI N3G5 (MtNa) 520. 1611,
f ound 520- 16216hlorEx63:(‘r2}b&3tlil;&eﬂ1ﬂBt{enzmc acid was re ared from 2-fluoro-6-

(2.0 ofl oL RRIAML SR iauiﬁ#@%%ﬁoggéﬁyiﬁagﬂ%ﬁ%“zmé &G gxo- 15

5|0d013(jxe¢eﬂyie-<ﬁsm&;ﬂexa 15. ONy40yNOCHS CSHSI N202 Mot. W.:

252.01 rT COH1 308 /42225
PCT] EPOO/ 1?3’35‘683/‘ 8“8%@%&!1’5‘%?? (81’“18'11 )BH ]Izﬁﬂ%%v 4{1:p$0. 97 mmol
5.45 @ and tpoedel-2d-dipat-fgyrinidiagl) IophémglalHneri mol , 8.29 g) in DW (188

m.) was added et I odi de (83.88 rrrml 6.7 nl.). The reaction m xture was
stirred for 15 hialt room
HSC'N =
CH,
1 HN OH
o O
CogH24CINSO,
Mol. Wt.: 497.97

N-[[2-chloro-6-(2-methylethyl)phenyl] carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine was prepared from 4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine methyl ester and 2-chloro-6-(2-methylethyl)benzoic

10 acid using the general procedures described in example 15 and was obtained as a
white solid: mp 205-209°C. ES-HRMS m/e calcd for CagHosCIN;Os (M-+Na)
520.1611, found 520.1617.

Example 18. N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3-diethyl-6-methyl-2,4-dioxo-
15 5-pyrimidinyl)-L-phenylalanine

a) Preparation of 5-iodo-1,3-diethyl-6-methyl uracil

OYH o OYN O

HN\rIl 5 NWZ'
CH, r CH,

C:HsIN,O, CgH45IN,O,

Mol. Wt.: 252.01 Mol. Wt.: 308.12




tenperature and was poured into water (150 nL) and ethyl acetate (150 ni).
The 5 layers were separated and the aqueous | ayer was extract ehedQ0d et hyl
acetate (2.x 100 m.). The conbi ned extracts were washed with brine

sol uti on W8@VA2S and were dried over anhydrous magnesi unPELEP)1d8s4
Filtration of the drying agent and concentration gave a crude solid which
was triturated with dichl oronet hane/ di ethyl ether/hexanes (1:1:1) to
afford 3.89 g (60%vyield) of 5-iodo-1, 3-8 ethyl-6-nmethyl 10 uracil as a
white crystalline solid: np 159-161.5 C EI-HRMS me calcd for C9H131N207
(M) 308.0022, found 308.0018. b) Preparation of

r(;p [(1, 1-di nﬁdwsmpmm;a)aféﬂbddlhﬁ:-lhﬂhﬂ dradil (H0et7hytinoh-3345 ghendPodedered 1N
|oxo 5 pyri al a er

P g oRe8Y B0 35 o VB B RS svesfed rliodidl. o4 1o a
s us pen5| on d83.88 mmcd,uisf n(BSThHmnhctﬂorﬁﬁmgu)rems $tifired Bor15)h masomdded 1, 2-
di br onoet ha 0,261 re. nsion was
heated to 68§ E,H'm) %d mﬁ%oéﬁrecbﬁ%o WAt fﬁ?\fﬁﬁﬁﬁﬁf’ﬁf %tf'??g g%@i; €ceased.
TheI sgs pgngayers wmssepmﬁ&bhﬂd(thg z aquecuehperadsiextracted wmmtémqﬂ ebdtak 05k h@tﬂe (1.5
mol, 0.1 was .adde t he ture was tl.l‘l‘
suspensi on gﬁ)g{fﬁgaogﬁ?gfﬂ%zgﬁﬁweg%ﬁ e'fﬂ”fcﬁo? g@rﬂﬁ) "*ng“g) in DVA
(6 mM.) was waededertanhphbas magneshirﬁ_aﬂfaw [Filtratdn aﬂ!ﬂxe\&’:\ﬁn ahd) one portion
The. 1 nt er naf RRRBEN b st EreR i B iutpigfanttn BN DRG0 ©

ether/hexanes (1:1:1) to afford 3.89 g (60% yield) of 5-iodo-1,3-diethyl-6-methyl
10 uracil as a white crystalline solid: mp 159-161.5 °C. EI-HRMS m/e calcd for

CsHisIN,O, (M"‘) 308.0022, found 308.0018.

b) Preparation of N-{(1,1-dimethylethoxy)carbonyl]-4-(1,3-diethyl-6-methyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester

N, _~
L
'CH,
CQH13|N202
Mol. Wt.: 308.12 O—-CH CaaHzsN3Og

ﬁ\ H/IL 3 Mol. Wt.: 450 54
0o °

To a suspension of zinc dust (33 mmol, 1.96 g) in THF (3 mL) was added 1,2-
dibromoethane (3 mmol, 0.261 mL) at room temperature. This suspension was
heated to 60-65 °C with 2 heat gun until evolution of ethylene gas ceased. The
suspension was cooled to room temperature, trimethylchlorosilane (1.5 mmol, 0.19
20 ml) was added and the mixture was stirred for 15 min. A suspension of 5-iodo-1,3-
diethyl-6-methyl uracil (11 mmol, 3.39 g) in DMA (6 mL) was warmed to obtain a
clear solution and was added in one portion to the reaction mixture. After addition,

15

the mixture was heated to 70 °C. The internal temperature of the reaction mixture
rose to 75 °C due to the exothermic reaction. The reaction mixture was maintained at



rose to 75 C due to the exotherm c reaction. The reaction m xture was

mai nt ai ned at 4 June 2004 WO 01/42225 PCT/ EP00/ 11884 58 70 4Jurer2008 h at
which tinme the TLC anal ysis of an aliquot of the reaction m xture, which
was quenc 8 0#3235 sat ur at ed ammoni um chl ori de sol ution, i NBCHEPMISHe
absence of starting material. The reaction mxture was diluted with THE (6
~mL) and the reaction m xture was cooled to roomtenperature. The excess
zinc dust was 5 allowed to settle. The s68ution containing the above
prepared zinc conpound (11 nmol) was added to a solution of Pd(dba)2 (0.14
mml, 80 ng), trif nyl phosphine (TFP) (0.52 mml, 134 ng) and

N- [ I( 1, % gil:)rremﬂﬂ ﬁa;l_ Eiék)a)whichmimé ihell[‘licodﬂlylsxspﬁemalﬁ@iogafﬁﬁ IF&hEM knigﬁll iE@,r (9
mrol , 3. i .at_roomtenpetratu nd .t he |.i ght ow

Tt ur o e W i pdgindiyich stk SR pitREhEh hitudl Soeion indifted e v

pour ed i nto @bsemt ufstt@gammlummhmdndm;@mleu\tab aﬂu(e&QﬂtHTllBIF@@ﬂ:L\)\@ﬁd
extracted V\A%h etha/ a etatef% lﬁ‘L n%%? The ¢ I ned extracts were
washed with DFine o TS L85 S T2 IR EUrS B eXasm 2R Wagnesi um
sul fat®. Fi ldlowtd toseede. t he drylng agent and concentration gave the crude
product whi urifjed S Ilca col um chr natogr hy 15 using a
Bi ot age colﬁ% IZ'&%PCPB *a%r?a% ?rggmlcg);na)) g ﬁ as added to

di met hy| et haxspjutiandBd{dba)A0. lehﬁrodlaetnbgal trifuffpHaybhide érFP)gb@ nrR¥Y 154 di nyl)
- L- phenyIaI%@ﬁ§§&§2£P esfer .as .an anﬁlphoH ite soli ES- HRVS i e
cal cd for J\(Iﬁlﬂ‘\%{'ﬁl yighoxplsagon Q@gﬂ%‘ lalapinepethykaster 42 i on of

4- (1, 3-di et hymobsmrgm;ﬂmmsmlgmr&:m hﬁk@ﬁ&@kﬁ%&ﬂﬂv%@gﬁg hgl

ester.hydroc CYOH26CIIN304 OCH3 O

sol ut 1%n of ﬁEFE‘i ir"f -%&ii}?étsﬂiﬁsepn%kﬁ/feéé?%wwa(@@?ﬁ igtaR sat@atedt hyl - 2, 4-
ammonium chloride solution (100 mL) and was extracted with ethyl acetate (3 x 75
mL). The combined extracts were washed with brine solution (150 mL) and dried

over anhydrous magnesium sulfate. Filtration of the drying agent and concentration

gave the crude product which was purified by silica gel column chromatography

15 using a Biotage column (40m) to obtain 1.78 ¢ (43% yield) of N-{(1,1-
dimethylethoxy)carbonyl]-4-(1,3-diethyl-6-methyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine methyl ester as an amorphous white solid. ES-HRMS m/e caled for
C24H33N3O0g (M+Na) 482.2262, found 482.2262.

20 c) Preparation of 4-(1,3-diethyl-6-methyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine methyl ester hydrochloride salt

0 I\ll/O
i
r

h N OCHs

2
H-Cl o
C1gH,cCINO,
Mol. Wt: 385.92
To a solution of N-{(1,1-dimethylethoxy)carbonyl]-4-(1,3-diethyl-6-methyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine methy] ester (3.87 mmol, 1.78 g) in dioxane

25 (10 mL) was added 4N hydrochloric acid in dioxane (20 mmol, 5mL) atroom



di oxo-5-pyri m di nyl)-L-phenyl al ani ne nmet hyl ester (3-87 mmol,1-78 g) in
di oxane 25 (10 nL) was added 4N hydrochloric acid in di oxankJ¢e®dddol , 5
m.) at room 4 June 2004 WD 01/ 42225 PCTI EPOO/ 11884 59 tenperature and the
sol uti on W@ 2R%ed-for .1 h. The sol ution was concent r at BGI/EPR/11884s
diluted with diethyl ether to forma white solid.. The nother |iquor was
decanted and the residue was dried on a rotary evaporator and then under
hi gh vacuumto afford 0.72 g (47% yi el dp9of .

4- (1, 3-di et hyl - 6- net hyl - 2, 4-di oxo-5-pyrimdinyl)-L 5 phenyl al ani ne net hyl
ester hydrochloride salt as an anorphous solid. ES-HRMS W cal cd for

C] 9H25N3O4  ( teripimyat882and A8 soldibomdas3Bered #8361 hdlheRohpidhatds @ond@htrated and

i oxo- 8- pyr1 MRS i SREND e i b Sl T ol dorsptedio o
X\l . 1 235: 42hiiui ﬁlesmmwgmeébnarotary evaporator alnd then urF]der hlighlvacuum to .

- (1, 3-di et hyk- 6Bt V50, 70: _ t

et of nyar ocHIaR R 7P ad o BT e g b PPonomalioy

glh: or i ?g (?éﬂﬁnw@nﬁmﬂgmh{&dm&aﬁ& mhﬁ?ﬁ’&rﬁ?ﬁk‘éﬁ?ﬁﬁ% mle
mn, 5)5 gzer%?%ilfﬁgb\‘/%ﬁ%pﬁ?mﬁ)3?232%am%2(}g§§ yelrrFow sol ui I on was

stirred for 15 h at roomtenperature. The resulting brown sol ution was

di luted w t hydischl orone . nmL). The dichl oronet e |l ayer was washed
successi vel yd)wa?afﬁoﬁfgtﬁggﬁf66$"1%€1‘”°§é‘13871?"21ﬂ9<° ‘%ﬁﬁ?'%@ﬁ?@%ﬁ%&ﬁ'um

bi car bonat e soldidxoedpyinidityl)-Lphdnfalanimeshéthflieter (25 nl) and was dried
over anhydrous magnesium sulfate. Filtration of the drying 20 agent and
concentration Of the sol vent gave the crude product which was purified by
silica gel cHropptography using a Biotage (40s) colum to afford 0.40 g
(99% vyi el d) &( 2

(2, 6-di chl or gphesy
pyrimdinyl){L-
ES-HRVMG nie ca

gl bonyl ]-4-(1, 3-di et hyl - 6- et hyl - 2, 4- di oxo- 5-
ani ne nethyl ester as an anorphous white solid
S26H27CI 2N305 (MtNa) 554. 1221, found 554.1229. 4

June 2004 o
Cl HN ~
0 O
Cl
026Hz7Cl2N305
10 Mol. Wt.: 53242

To a suspension of 4-(1,3-diethyl-6-methy}-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine methyl ester hydrochloride salt (0.76 mmol, 0.3 g) and 2,6-
dichlorobenzoyl chloride (0.84 mmol, 0.175 g) in dichloromethane (2 mL) was added
diisopropylethylamine (3.03 mmol, 0.53 mL) at room temperature. After 5 min,

15 everything went into solution and the clear yellow solution was stirred for 15 h at
room temperature. The resulting brown solution was diluted with dichloromethane
(25 mL). The dichioromethane layer was washed successively with 1N hydrochloric
acid (2 x 25 mL), saturated sodium bicarbonate solution (25 mL), and brine solution
(25 mL) and was dried over anhydrous magnesium sulfate. Filtration of the drying

20 agent and concentration of the solvent gave the crude product which was purified by
silica gel chromatography using a Biotage (40s) column to afford 0.40 g (99% yield)
of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3-diethyl-6-methyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine methyl ester as an amorphous white solid. ES-HRMS
m/e caled for CosHayClN30s (M+Na) 554.1221, found 554.1229.



WO 01/ 42225 60 PCT/EPOQ 11884 e) Preparation of N

(2, 6-dichl orophenyl)carbonyl] -4-(1,3-diethyl-6-nethyl-2,4- 4.June 2004

cl i oxo-5- i mdinyl)-L- phenyl al anine OH CI C25H25C6N3C6 Mot. W.: 518. 39
5 To a su%@ﬁlﬁ%ﬁs of N [(2 - di chl or ophenyl ) car bonyl ] PCT/EP00/11884

-4-(1, 3-di ethyl -6-nethyl -2, 4- dioxo-5-pyrindinyl)-L-phenyl al ani ne net hyl
ester (0.77 mmol, 0.41 g) in ethanol (2 nlL) was added aqueous 1.0 N sodium
hydroxide (1.5 nL) at roomtenperature. gphe m xture was heated to 50 C and
the resulting clear solution was stirred for 2 h. Then, the ethanol was
renoved under reduced pressure and the residue was diluted with 10 water
(25 nmL) and NaOH (2 nmlL, LON) to dissolve the sodiumsalt The aqueous

sol uti on was shed WItENCtI et% et her fSO m.)..to renove any neutral

i mpurities. © §P‘é‘aﬂ%’68 chiprophenyDearbanifi 4 18- dietayl46amethal-28e pr oduct
was extracted dxak@sdﬁr Hufg Dat-ph&yfadanined nL) . The conbined organic
extracts were washed with brine solution (50 nL) and were dried over
anhydrous nmagnesium sul fate. Filtration of the 15 drying agent and
concentrati@n off the filtrate afforded 320 ng (80% yield) of N[

(2, 6-dichl orcﬁfﬁ ) car bonyl }-4-(1, 3-di et hyl - 6- net hyl - 2, 4- di oxo-5-pyri m din
yl )- L-phenyLBlagmpne~as an anorphous white solid- ES-HRMS role calcd for
025H25012N3 5 ( 11. 3921, found 541.3925. 20 Exanple 19. Preparation
of N-[ (2-chl or o- @ﬂ:ma 7t phenyl ) car bonyl ] - 4- (1, 3-di et hyl -

6- met hyl - 2, 4- di oxo- 5- pyrj m di,nyl ) -L-phenyl al anine a) Preparation of

N-[ (2-chl oro-6-metl®y| NienyT) car bonyl ] - 4- (1, 3-di et hyl - 6- net hyl -

2, 4-di oxo-5-pyrimdin -©- phenyl al ani ne net hyl ester 4 June 2004 WO
01/ 42225 PCTI EPO 84%1 C27H30CI N3G
Cl

CHpsCLNO,
Mol Wt.: 518.39

5 To a suspension of N-{(2,6-dichlorophenyl)carbonyl}-4-( 1,3-diethyl-6-methyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester (0.77 mmol, 0.41 g) in ethanol (2
mL) was added aqueous 1.0 N sodium hydroxide (1.5 mL) at room temperature. The
mixture was heated to 50 °C and the resulting clear solution was stirred for 2 h. Then,
: the ethanol was removed under reduced pressure and the residue was diluted with
10 water (25 mL) and NaOH (2 mL, 1.0N) to dissolve the sodium salt. The aqueous
solution was washed with diethyl ether (30 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 w1th brine
solution (50 mL) and were dried over anhydrous magnesium sulfate. Filtration of the

15 drying agent and concentration of the filtrate afforded 320 mg (80% yield) of N-
[(2,6-dichiorophenyl)carbonyl}-4-(1,3-diethyl-6-methyl-2,4-dioxo-5- -pyrimidiny})-
L-phenylalanine as an amorphous white solid. ES- HRMS m/e caled for
C25H25C12N305 (M+Na) 541.3921, found 541.3925.

20 Example 19. Preparation of N-{(2-chloro-6-methylphenyl)carbonyl]-4-(1,3-diethyl-
6-methyl-2,4-dioxo-5-pyrimidiny!)-L-phenylalanine

 2) Preparation of N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3-diethyl-6-methyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester



Moll. W.: 512.00 To a suspensi on of

4- (1, 3-di et hyl - 6- et hyl - 2, 4-di oxo-5-pyri m di nyl)-L- phenyl aldinee2G¥t hyl
ester hydrochloride salt (0.758 nmol, 300 ng), HBTU (0.84 5 nmmol, 318 np)
and 2- chl ¥@9¥4RExt hyl benzoic acid (0.84 mmol, 142 ng) in DMNEIEWO/1MSE was -
added diisopropylethylamne (1.9 mmol, 0.33 nL) at roomtenperature. After
5 mn, everything went into solution and the clear yellow sol ution was
stirred for 48 h at roomtenperature. Tee resulting dark-brown solution
was diluted with ethyl acetate (30 nL). The ethyl acetate |ayer was washed
successively with IN 10 hydrochloric acid (2 x 30 nL), saturated sodi um

bi carbonate solution (30 nL), and brine solution (30 nL) and was dried
over anhydrous_magnesi um sul fate. Filtration of the drying agent and
concentration ggve the crude product which was purified by silica gel
chromat ograpby wWsijyg a Bi otage (40nm) colum to afford 380 ng (98% vyield)
of N-[(2-chl orjo- 67net hyl phenyl ) carbonyl]-4-(1, 3-diethyl- 6-nethyl-2,4 15

. di ox0- 5- pyri piNdjg .- phenyl al ani ne net hyl ester as an anorphous white
solid. ES- VB L ml cd for C27H30CLN305 (M+Na) 535.1026, found 535.1024.
b) Preparation Ghne
(2-chl oro- 6- et hyl phenyl ) capbonyl | - 4- (1, 3- di et hyl - 6- met hyl -

2, 4- di oxo-5- pyri m di ngN) - phenyl al ani ne 20 4 June 2004 WD 01/42225 62 CH
C26H28CLN3C6 Mol . % 497. 97 PCT/ EPOQ 11884 To a suspensi on of

N-[ (2-chl oro-6-ne phé?1y| ) car bonyl ] -4- (1, 3-di et hyl - 6- net hyl -

2, 4- di oxo-5-pyri ¥&) - L- phenyl al ani ne nmethyl ester (0.82 mmol, 420 np)
in ethanol (2 n}%l_y\#ﬁ%%(;ded aqueous 1.0 N sodi um hydroxide (1.6 nlL) at
roomb5 tenperaturt? i xture was heated to 50 C and the resulting dear
solution was stM¥W5BPO2 h. The ethanol was renoved under reduced

pressure anlotaiespeasiof 6€4-(BS-diéthy1ug-Sbeifiid WRixBl5-bAtmiHihyipd NaOH (3 ni,

LAN) to dissplve.the sodiuymsalt. The
N pﬁeny‘falanme megnyt]ester %yérochﬂride salt (0.758 mmol, 300 mg), HBTU (0.84
5 mmol, 318 mg) and 2-chloro-6-methylbenzoic acid (0.84 mmol, 142 mg) in DMF (2

mL) was added diisopropylethylamine (1.9 mmol, 0.33 mL) at room temperature.
After 5 min, everything went into solution and the clear yellow solution was stirred
for 48 h at room temperature. The resulting dark-brown solution was diluted with
ethyl acetate (30 mL). The ethyl acetate layer was washed successively with IN

10 hydrochloric acid (2 x 30 mL), saturated sodium bicarbonate solution (30 mlL), and
brine solution (30 mL) and was 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 (40m) column to afford 380 mg (98%
yield) of N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1,3-diethyl-6-methyl-2,4-

15 dioxo-5-pyrimidinyl)-L-phenylalanine methy! ester as an amorphous white solid. ES-
HRMS m/e caled for Co;HagCIN3O5 (M+Na) 535.1026, found 535.1024.

b) Preparation of N-[(2-chloro-6-methylphenyl)carbonyl]-4-( 1,3-diethyl-6-methyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
20



aqueous sol ution was washed with diethyl ether (30 nL) to renobve any
neutral inmpurities. The aqueous | ayer was acidified with 1.0 Nne@004nd t he
product was 10 extracted into ethyl acetate (2 x 25 nL). The conbi ned
organi ¢ eM>@M2225\ere washed with brine solution (50 nli) rOTERenmsSri ed .
over anhydrous magnesium sulfate. Filtration of the drying agent and ’
concentration of the filtrate afforded 277 ng (68% vyield) of N |

(2-chl oro- 6- et hyl phenyl) carb onyl] -44#1, 3-di et hyl -6-net hyl -2, 4-

di oxo-5-pyri m di nyl)-L-phenyl al ani ne as an anor phous white solid. ES-HRVS
ni/e 15 cal cd for C26H28CIN3CG5 ( MtNa) 520. 1611, found 520.1616. Exanple 20.
Preparation ok 4-(1, 3-diethyl-6-nethyl-2,4-dioxo-5-pyrimdinyl)-N [ [

1- (2- met hoxyet hyyl ) cycl opentyl] carbonyl]-L-phenyl al anine 4 June 2004 WO
01142225 63 PEP(c) O/ 11884 C27H37N306 Mol . W.: 499.60 4-
(1,3-diethy|- t hyl - 2, 4-di oxo-5-pyrfmdinyl)-N [ [ 1- (2-nethoxyethyl) -
cycl opentyl ] - L- phenyl al ani ne was prepared from

4-(1, 3-di et yl1ﬁq 2, 4- di oxo- 5- pyri m dinyl) - L- phenyl al ani ne met hyl

gener al procedures p
anor phous white soP
found 522. 2581. S :
1-(2, 6- dichlorop? ) car bonyl ] -4- (1, 3-di net hyl - 2, 4-di oxo-6- 10
(trifluoromethyl)-5-pyrimdinyl)-L-phenyl al ani ne a) Pr eparati on of
3- et hyl - 6- (trlﬁhgggﬁﬁgkhyl) uraci| CH3NCO + F3C CQzC2H5 H2N CF3
C6HSF3N202 Mol. Wi.: 497.97

To a suspension of N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3-diethyl-6-methyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester (0.82 mmol, 420 mg) in
_ ethanol (2 mL) was added agueous 1.0 N sodium hydroxide (1.6 mL) at room
5 temperature. The mixture was heated to 50 °C and the resulting clear solution was

in exanple 19 and was obtained as an
d.] ESYHRVS nn/e calcd for C27H37N306 (MtNa) 522. 2575,
N-[

stirred for 2 h. The ethanol was removed under reduced pressure and the residue was
diluted with water (25 mL) and NaOH (3 mlL, 1.0N) to dissolve the sodium salt. The
aqueous solution was washed with diethyl ether (30 mL) to remove any neutral

_ impurities. The aqueous layer was acidified with 1.0 N HCI and the product was

10 extracted into 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 afforded 277 mg (68%
vield) of N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3-diethyl-6-methyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine as an amorphous white solid. ES-HRMS m/e

15 caled for CysH 3CIN3Os (M+Na) 520.1611, found 520.1616.

Example 20. Preparation of 4-(1,3-diethyl-6-methyl-2,4-dioxo-5-pyrimidinyl)-N-
{[1-(2-methoxyethyl)cyclopentyl] carbonyl]-L-phenylalanine



Mol . W.: 194.11 15 To a pre-m xed sol ution of sodi um net hoxi de (55 mmol,
2-97 g). and ethyl 3-amno- 4,4,4-trifluorocrotonate (55 nund} JurE®R04g) in
DVBO (19 ni, dried over nolecular sieves) was added nethyl isocyanate (55
mol, 3. 2WPOH2BVs0 (2.5 L) over 15 min at 20 C. The s@CIVERSN11E8S

sti rred for 15 mn and then another portion of sodium nethoxide (27.5
mmol, 1.34 g) was added. After stirring for 15 mn at 20 C, nethyl 4 June
2004 WO 01/ 42225 PCT/ EPO0O/ 11884 64 isocyéhate (14 mmol, 0.8 g) was added at
this tenperature. After a further 15 mn, the reaction mxture was all owed
to warmto roomtenperature and was stirred overnight. The resulting

yel | ow suspensxgn was poured into water (50 nL) to obtain a light yellow
sol ution utral inpurities were extracted into diethyl ether (3 x 5
50 nL). The §qﬁ s’ ayer was acidified with concentrated hydrochloric acid
to afford a white solid. The solids were collected by filtration and were
washed vm'th watfer . JTAMjer air drying, 6.79 g (63%yield) of

3-met hyl -6- (tri CHyorgaBt hyl )uracil was obtained as a white solid: nip
235-237 C. EI-HRMB m'e cplcd for C6HSF3N202 (M+) 194.0303, found 194.0303.
10 b) Preparation of gw3~qgiPRethyl-6-(trifluoronethyl)uracil | O/NyO "IN,
CF3 C, H/F3N202 ~Mol . .. A2208.14 To a suspensi on of

3-net hyl -6- (trf Myl )uracil (20.6 mmol, 4.0,g) and powdered

pot assi um car bonat e .2 ni.mol, 5.7 g) in DME (30 nL) was added 15 net hyl
iodide (82.4 mol, 5713 mL). Then, the reaction mxture was refluxed for 4
h at which tinme @,NJ g anal ysis of the reaction mxture indicated the.
absence of staMolWy. Med.&xial. The reaction m xture was cooled to room

tenperature 4—6('1,%-m&yl-6-methyl-2,4-dioxo-5—pyrimidinyl)—N -[[1-(2-methoxyethyl)-
cyclopentyl] carbonyl]-L-phenylalanine was prepared from 4-(1,3-diethyl-6-methyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester and 1-(2-methoxyethyl)-

5 cyclopentane carboxylic acid using the general procedures described in example 19
and was obtained as an amorphous white solid. ES-HRMS m/e calcd for Ca7H37N304
{M+Na) 522.2575, found 522.2581.
_ Example 21. N-[1-(2,6-dichlorophenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-6-
10 (trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine

a) Preparation of 3-methyl-6-(trifluoromethyl) uracil

F,C, .COCH O N©
CHNCO + ° 3= = °° - 1
H.N HN___=
2
CF,
C6H5F3N202
Mol. Wt.: 194.11
15 To a pre-mixed solution of sodium methoxide (55 mmol, 2.97 g) and ethyl 3-amino-

4,4,4-trifluorocrotonate (55 mmol, 10.0 g) in DMSO (19 mL, dried over molecular
sieves) was added methyl isocyanate (55 mmol, 3.2 g) in DMSO (2.5 mL) over 15 min
at 20 °C. The solution was stirred for 15 min and then another portion of sodium
methoxide (27.5 mmol, 1.34 g) was added. After stirring for 15 min at 20 °C, methyl



diluted with water (50 nmL). Then, the DVE was renoved under reduced
pressure to afford a white suspension. The solids were col |4dne2ldd
filtration and washed with 20 water. After air drying, 3.55 g (83%yield)
of 1,3-di WRPH2B (trifluoromethyl)uracil was obtai ned aPCAERIPAESS40! i d: .
np 85-87 C. El-HRVS W cal cd for C7/H7F3N202 (M+) 208. 0459, found 208. 0460.
4 June 2004 WO 01/42225 65 c) Preparation of

1, 3-di nmet hyl -5-iodo-6-(trifluoronethyl)gtacil NS, CF3CO2H, (CF3CO) 20
reflux, 15 h CF3 C7H7F3N202 Mbol. W.: 208. 14 PCT/ EPO0/ 11884 C. 7H6F31 N2Q2
Mol. W.: 334.03 A mxture of 1,3-dinmethyl-6-(trifluoronethyl)uracil (16.91
mol, 3.52 dgpeyanate (14 nondat.8 ) wassaiddd aPhistenpanturer Afidragurieets mignhydr i de
(5 m) was efluxed for 5 5 mn. ,Then, NIS (16.91 mol, 3.8 ) s added
and the res Elfﬁﬂeﬁcéhoﬁi? g W\ﬂ%‘r&ﬂoﬁefil? gdfmit%Foé@ tempgraties ?:'Hjs Y’?Srfg‘ TLC

anal ysi s of ovéreighediteiresultinigyelivwesuspeisicat wah pdiged PitE HERE SO PRIGbaAr ti Ng
mat eri al - Anether .,port.d on NS (,b8.45 .ol , 1.9 g),was, added and refl ux
was cont i nuddefiet WS?]Hgfm‘glt}ﬁ‘?.neﬁg 'P@&EPF%‘H“ﬁiWE&Ed Wé%d’é’gﬁf%‘g‘e’f & Xroom
telrrpeﬁatuzesaﬂd.).v@he aﬁmﬁ@daﬁgm gcic%]iﬂécpwﬁhl f%aﬁ@heflhﬁauya;o%gm' dmd d[)bonate 10
solution (10 nL),. T S0di.um thi qsul fite_solution was added to renove
t he excess a&?fgi ‘éhlﬁ%ﬁoﬁa’:hfﬁgf‘%égﬁﬁ?c@&eéh i%é‘éa%”élddﬁqffaé’é-f}@é vhtiltration
and washed witeh Afetrair.dryiff, 16679 gai6BocE)GE 3&;&%1@&%8@:&&&5&)&&3 was.

1, 3-di met hyl -5-i odo-6-(trifluoronethyl)uracil = was obtained as a.white
solid np 149btainedes a phiteis: mp/235237 &Q. FloHRMSHamRStakalar CARARNZB3(1d4 26,

found 333. 9{¢n303 drotthd Pe£psBat i on of
N ( %bl-di met hyl et hoxy) carbonyl ] - 4- (1, 3-di et hyl - 2, 4- di oxo- 6-

-

b) Preparation of 1,3-dimethyl-6-(trifluoromethyl)uracil

I
OYN 0]
)9y

CF,

CH,F N0,
Mol. Wt.: 208.14

To a suspension of 3-methyl-6-(trifluoromethyluracil (20.6 mmol, 4.0 g) and
powdered potassium carbonate (41.2 mmol, 5.7 g) in DME (30 mL) was added

15 methyl iodide (82.4 mmol, 5.13 mL). Then, the reaction mixture was refluxed for 4 h
at which time the TLC analysis of the reaction mixture indicated the absence of
starting material. The reaction mixture was cooled to room temperature and was
diluted with water (50 mL). Then, the DME was removed under reduced pressure to
afford a white suspension. The solids were collected by filtration and washed with

20 water. After air drying, 3.55 g (83% yield) of 1,3~diméthyl-6-(triﬂuoromeﬂ1yl)uracil
was obtained as a white solid: mp 85-87 °C. EI-HRMS m/e calcd for G;H,E;N,0,

(M) 208.0459, found 208.0460.



(trifluoronethyl)- 5 pyri m di nyl)-L-phenyl al ani ne net hyl ester CF3
C7H6F31N202 Mol . W .: 334.03 O CH3 C22H26F3N306 Mol . W.: 483ums20D4)une
2004 WO Oﬂéé@fzgﬁl EPOOQ 11884 66 To a suspension of zinc dust (33 mml,
1.96 g) m.) was added 1,2- dibronoethane (3 nmmol PCHERMMIERY) at .
roomtenperature. This suspension was heated to 60-65 C with a heat gun
until evolution of ethylene gas ceased. The suspension was cooled to room
tenperature, trimethylrhlorosilane (1.5 %l, 0.19 5 ni.) was added and the
m xture was stirred for 15 mn. A suspension of 1, 3-

di met hyl - 5-1i do 6-(tr|fluororreth | )uradl (10 mol, 3.34 g) in DVA (8 ni)
was  war med @ oPwpeatian f L dimethyl-Gtipdor6 < tuflyeromethyduiriail one portion to the
reaction mxture., After addition, the m xture was heated to 70 C. The
internal tenpgy at]&ne of the reaction mxture rose tql.75 C due to the

exot hermi ¢ rea@q’% he Mﬁc@&pﬁb(ﬁfﬁ%@ was M Ot 70 C for

NhQ_At

approxi matel y which e~ TrCof—amatJuot , V\A}Lch had been quenched
with saturate ni um chl ori deeflukntfikkat ed 't he alfiSenge “Iof start i ng
material. The reddti on nixture was diluted with THE ((EFrrL) cooled to room
t enperature a% KESS zinc dust was allowed to s&, e above sol ution
of zinc co I) was added to a sol utlﬁn % dba)2 (1.0
nol , 520 tr| uryI phosphine (TFP) (4.0 mmol; b d N (1,1

- di rrethyl etg%g&,ge v, i %@Hﬂ h t (7 mmol ,

2.84 g) in THE (18??71'_3 Mallle LE¢ &orB?%{]:)ﬁl)gL%%'f?ﬁfe éélh?ggl F’I ow m xture
was sti rredtﬁlﬂﬁomﬁuﬁa@@ (20311@ aﬂFh@ secetoranhydtide €6 md3 waorsfladed fok 6 a

saturaf ed am]gnmémﬁfg l6lod6n p ?é’gg&e %raca?d)thgpg S ex%racteq.v%h et hyl

acetate (3 x /5.m) e co I ne were 4 BT

sol ution (159 WLh)ath@PethtrTI@aMﬁ o tipyreddion mmmeﬁdlmteﬁtlief at e.
Filtration gfestfae o#§dﬂ1@&aﬁﬂ§ Aard58 }ﬁ%?ﬁ&'f)to%&ﬂ SFNES eée45tnr}1eno I’]Lngge) was

added and reflux was continued for another 5 k. The reaction mixture was cooled to

et

room temperature and was poured slowly into a saturated potassium carbonate

10 solution (100 mL). Then, sodium thiosulfite solution was added to remove the excess
iodine color. The resulting solids were collected by filtration and washed with water.
After air drying, 3.73 g (66% vield) of 1,3-dimethy1—5-i0do-6-(triﬂuoromethyl)uracil
was obtained as a white solid: mp 149-151 °C., EI-HRMS m/e calcd for C;HF;IN,O,
(M) 333.9426, found 333.9436.

15
d) Preparation of N-[(1,1-dimethylethoxy)carbonyl}-4-(1,3-dimethyl-2,4-dioxo-6-

(trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine methy] ester

CH,
]
OYN (]
| _N
O M0 HC
CF
N 3
NP 1 e o
CF, i HN ~
>L A0
CHgF;IN,O, 070
Mol. Wt.: 334.03
O—CH C22!"L"zsF:ii.\“::lo6?
>L HN 3 Mol. Wt.: 485.45
3 .




product which was purified by silica gel chromatography using a Biotage
(40m colum to obtain 1.45 g (42% yi el d) of 4 June 2004
N-[ (1, 1-di met hyl et hoxy) car bonyl ]-4-(1, 3-
di net hyl -?{Qlﬂldé%o- 6- (trifluoronethyl)-5-pyrimdinyl)-L-pRGNERP/AIEBHE
met hyl 25 ester as an anorphous white solid- ES-HRMS me calcd for
- C22H26NF3N306 ( MtNa) 508. 1666, found 508. 1670. e) Preparation of

4- (1, 3-di met hyl - 2, 4- di oxo- 6- (tri $uorometéy! ) -5-pyri m di nyl)-L-
phenyl al ani ne net hyl ester hydrochloride salt 4 June 2004 WO 01/ 42225
PCT/ EPOO/ 11884 67 0 HO  C17H19C1F3N304 WMdl. W.: 421.80 The solid N

(17117 Uor omep il )i T T Ga L Lo benyl ] i he mor iyl oot ar (2. 92 mmo
trifluoronme -5-pyrimdinyl)-L-phenyl al ani ne nmeghyl ester : mol ,
10 o) wctbtbiee iR (o Fst Y o8] Bl P e e o B PP epon HAb! - 7
at room5 t dueped &6 60-65aQdviticheaobuth uotl evblutish of é@§leh@baskesed TR reaction
m xture was dilut.ed w t(g % chl or onet hane %% %@nd S coir}(’:q%gi rat ed under
reduced preSERFBRSIGR W4S QYL YPORY SHRCRYE: lehlopnsdangdd- 8% t h
]gli Iet hys et henIa)tmasfadEm and ﬂ%ftbdixhﬁﬁwlas stﬁﬁddi fdr 1sz Herl.wgﬁsgsnw 8f 139' ! e?tg ed by
iltration and. e it i et ether, After rying, 1,21 g 1%
yield) of 4%&@%&‘%@9‘# tenororge UPB%CSG 14 1FQh 3 L mig was
pyrim di nyl Jwakmpd eswbtainonileg solatiby lané $aesdded §n 868 bofHdGoFRS teads ObL ai ned
as a light _hrown %ﬁl i d; .. 44- 247 C. ES- Q?I\/B Ve cal cd for Cl7HL8F3N304
(M+H)  386. Me.f IR _z&éfgnvqn)\_ rewas Beat . togi9 °C. The mte@d temperature
of N-[ (2, 6- diof tHeqeauplaaniyihera r&e Y I3 °@d dhd tohel exBth&vhic 2eftribh ONR BictidR
(trif {dJOI’ onet.,hyl ) -5-pyrim di @él )-L- phenylaial al?l ne, net hyl _ester Q NCO O-,
N o0 N C at 70 °C for approximately 3 h at which time TLC of an aliquot,
which had been quenched with saturated ammonium chloride, indicated the absence
of starting material. The reaction mixture was diluted with THF (5 ml), cooled to
room temperature and excess zinc dust was allowed to settle,
The above solution of zinc compound (10 mmol) was added to a solution of
15 Pd(dba), (1.0 mmol, 520 mg), trifuryiphosphine (TFP) (4.0 mmol, 0.93 g) and N-
[(1,1-dimethylethoxy)carbonyl]-4-iodo-L-phenylalanine methyl ester (7 mmol, 2.84
g) in THF (10 mL) at room temperature and the light yellow mixture was stirred for
12 h at 45 °C. The reaction mixture was poured into a saturated ammonium chloride
solution (100 mL) and was extracted with ethyl acetate (3 x 75 mL). The combined
20 extracts were washed with brine solution (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 using a Biotage {40m)
column to obtain 1.45 g (42% yield) of N-[(1,1-dimethylethoxy)carbonylj-4-(1,3-
dimethyi-2,4-dioxo-6-(triflucromethyl)-5-pyrimidinyl)-L-phenylalanine methyl
25 ester as an amorphous white solid. ES-HRMS m/e calcd for CypH2sNF3N3Og (M+Na)
508.1666, found 508.1670.

e) Preparation of 4-(1,3-dimethyl-2,4-dioxo-6-(trifluoromethyl)-5-pyrimidinyl)-L-
phenylalanine methyl ester hydrochloride salt



Mol . W: 421.81 Ove + C1 0 C1 C7H3C130 Mdl. W: 209A6 DI PEA, CH2Cl2 r.t.,
72 h Cl C24H2CC12F3N3C6 Ml . W: 558.33 Owe To a suspensi orft June 2004
of 4- (1, 3-di met hyl - 2, 4-di oxo-6-(trifluoronethyl)-5-pyrimdinyl)-L-
phenyl al aNY@8UH82hy| ester hydrochloride salt (1.0 mmol, ZCI/ERIN/188d 2, 6-.
di cbl orobenzoyl chloride (1.1 mmol, 0-235 g) in dichloronethane (3 nL) was
added 4 June 2004 . WO 01/42225 68 PCT/ EPO0/ 11884 di i sopropyl et hyl am ne
(4.4 mmol, 0.622 nmL) at roomtenperatures7 Afiter 1 mn, everything went
into solution and the |ight brown solution was stirred for 72 h at room
tenperature. The resulting dark brown solution was diluted with )
di chl or onet hane ( m.). The dichl oronet hane | ayer was washed successively
with 5 IN hygdroghl gnic acid (2 x 25 nL), saturated sodi um bi carbonate
solution (25 nLy, Jand brine solution (25 nL) and was dried over anhydrous
nagnesiun1sqh ahlg ' ation of the drying agent and concentration of the
sol vent gave cr duct, which was purified by silica gel
chromat ogr aphy usi'ng aBiqt age (40s) colum'to afford 0.541 g.(97% vyi el d)
of N-[I-(2,6-dichlorophenyl)cqrbonyl]-4-(1,3-dinethyl 10
2, 4-di oxo-6-(trifluorobdhyf)-5-pyrimdinyl)-L-phenyl al ani ne nmet hyl ester
as an anorphous white soli@. FS-HRMS nie cal cd for C24H20C12F3N305 $
(MrNa) 580.0624, Hobhd 580.0629.

C,;H,CIF;N,0,

Mol. Wt.: 421.80

The solid N-[{1,1-dimethylethoxy)carbonyl]-4-(1,3-diethyl-6)-2,4-dioxo-
(trifluoromethyl)-5-pyrimidinyi)-L-phenylalanine methyl ester (2.92 mmol, 1.42 g)
was treated with 4N hydrochloric acid in dioxane (28 mmol, 7 mL) atroom

5 temperature and the solution was stirred for 2 h. The reaction mixture was diluted

with dichloromethane (5 mL) and was concentrated under reduced pressure on a
rotoary evaporator. The residue was diluted with diethy] ether to form a light brown
solid. The solids were collected by filtration and washed with diethyl ether. After
drying, 1.21 g (91% vield) of 4;(1,3-djmethy1-2,4-dioxo-6-(hiﬂuoromethyl)—S-
10 pyrimidinyl)-L-phenylalanine methyl ester hydrochloride salt was obtained as a light
' brown solid: mp 244-247 °C. ES-HRMS m/e calcd for Cy7H;sFsN;04 (M+H)
386.1322, found 386.1319.

f) Preparation of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-6-

15 (trifluoromethyl)-5-pyrimidinyl)}-L-phenylalanine methyl ester
| |
O_N_,0 0 _N._O
Y Y
AN ct o N
CF, d\q DIPEA, CH,Cl, CE,
+ -
CIHEN- Ny OMe Cl rt,72h  ENTNOMe
0 )
GH,CLO 0
C,;H,,CIF;N;0, Mol. Wt.: 209.46
Mol. Wt: 421.81 Ct
CaeHyCLF; N30

Mol. Wt.: 558.33
To a suspension of 4-(1,3-dimethyl-2,4-dioxo-6-(trifluoromethyl)-5-pyrimidinyl)-L-
* phenylalanine methyl ester hydrochloride salt (1.0 mmol, 421 mg) and 2,6-
dichlorobenzoy! chloride (1.1 mmol, 0.235 g) in dichloromethane (3 mL) was added



g) Preparation

of N-[ (2, 6-di chl or ophenyl ) car bonyl ] -4- (1, 3-di znet hyl - 2, 4- di oxbJd@e 2AB4
(trifluoroinethyl)-5-pyriznidinyl)-L-phenylalanine CH3 OH d C23H

y$Cl 2F3N3BEP OKR25 \ . : 544.31 To a suspensi on PCT/EPO0/11884

of N-[ 1- (2, 6-di chl or ophenyl ) car bonyl ] - 4- (1, 3-di net hyl - 2, 4- di oxo-
6-(trifluoromethyl)-5-pyrimdinyl)-L-phenylal anine nmethyl ester (0.422
mol, 0.236 g) in pyridine (15 nmL) was ggdded |ithiumi odide (4.22 mol,
0.571 g) at room 20 tenperature. The m xture was heated to reflux for 15 h.
The reaction mxture was cooled to roomtenperature, diluted with IN

hydr ochl or i dliiasprdppladiylatinet£eow] {00622ahh)yAt ras@itedBedafiurt. ARer'ighin, The

conbi ned organi .extracts V\fl’.e Waa%ng Eh brine, solutjon (50 ni) and were
dried over Jh %@e’ﬁéﬁtﬁég wheonag ght prown solutipn was stiseed far 73 gt agent  and
concentrati @aomftemti&aﬁirh.fﬂlﬁtrec@dﬂidaﬁﬂeﬁrﬁﬁﬂsoﬁm&ﬁ%dﬂuﬁéﬁdtﬂf N[ 14 June
2004 WO 01/ 42225 69 .PCT/ 884 .(2, 6-di chl orophenyl) carbonyl

Z0 (1 5 di oS etas GRTE) e oo meiRg faec as washed succesvely with

pyri mixi nyl INUhydbedhiorid /i (26 Z55mB), lshttibted/ @Idh BWbRAH Fhatdl ixgﬁyé%(%% gﬁ&ES' HRVB
me calcd for C23H$12F§I\BH%}( IglévNa) 566. 0469, found 568. 468. anpl e
22. Prepar aPPORrBE S AR Frdgrasdiniss oy yirons magpesiun spifate-

di met hyl - 2, #ildhtorDofithe dtying dgenf MARLAYDraBioR W tHE Fivayt dave Etﬂ!ﬂég ni ne CH3
O N-O CF3 Ciu. l}{bl ecul ar }:/J‘églf%ft = 523. 89 Ml ecul ar For%%jurlea = {E@&GFBI\BQS
which was puntied by sifica gel chromatography using a Biotage (40s) column to

afford 0.541 g(97% yield) of N-[1-(2,6-dichlorophenyl)carbonyl]-4-( 1,3-dimethyl-

10 2,4-dioxo-6-(trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine methyl ester as an
amorphous white solid. ES-HRMS m/e calcd for CpiH2yClLFsN3O5 (M+Na) 580.0624,
found 580.0629.

g) Preparation of N-((2,6-dichlorophenyl)carbonyl}-4-(1,3-dimethyl-2,4-dioxo-6-
15 (trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine
o,
OYN O
He N
CF.

3
3
Cl HN OH
O

0

Cl
CZSH 1SCI2F3N305
Mol. Wt.: 544.31

To a suspension of N-[1-(2,6-dichlorophenyl)carbonyl]-4-( 1,3-dimethyl-2,4-dioxo-
6-(trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine methyl ester (0.422 mmol, 0.236
g) in pyridine (15 mL) was added lithium iodide (4.22 mmol, 0.571 g) at room

20 temperature. The mixture was heated to reflux for 15 h. The reaction mixture was
cooled to room temperature, diluted with IN hydrochloric acid and 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 afforded 201 mg (87% yield) of N-[1-




A solution of 2-chloro-6-nethyl benzoic acid (190 ng, 1.14 mmol) in

di chl oronet hane (7 znL) containing DVF (4 drops) was treat e wireh2@Mal yl
chloride 10 (0.42 m., 4.8 mmol) and the m xture was stirred for 2 h. The
m xture waWO0M428ntrated, azeotroping with tol uene to renBCHEPIMOSS Of
oxal yl chloride and the residue was used directly in the next step. A

m xture of the above prepared acid chloride, 4-(1,3-dinethyl-2,4-di oxo- 6-
(trifluoromethyl)-5-pyrimdinyl)-L-phenykal ani ne nethyl ester hydrochl oride
salt 15 (423 ng, 1.003 nunol) in dichloronmethane (5 nm.) was treated with
DI PEA (0.625 nl, 4.46 mmol) and the resulting |ight brown sol ution was
stirred for ﬁl,&jdi;hlord’ﬁi&nyﬁtaxbmﬂ}ﬁ]-’gﬁ($,3€diﬁiéﬂ?'l-ﬁgtcﬁdxo—di(hliﬂlﬁgomeﬂ{y})eghy|
acetate, washe it HG, an ri.ne ol utj.on ' over
mmanes: um soPipR|-ehebirlaRian et aT ey nmeoRadtac” B Sl i o
was puri fi edcabod for Ci:Elas@d:Nehs (viaNay s6q0u69 und)566.8i68t age col utm 20 (40s)
to give N-[(2-chloro-6-nethyl phenyl)carbonyl]-4-[1, 3-di net hy- 2, 4- di oxo- 6-
(trifluoromethyl)-5-pyrimdinyl]-L-phenylal anine nethyl ester as a white

foam (379 rixanof2. PE&paifiel GHN[(2atidohol 0inBREHAAF &I M- 560. 1171,
oun .

sol.utiqn. Q s .

N-[ (2- chl or o° Blemﬁﬁﬁ%‘ﬂﬁ?f%l’()UE@?%SHWHPCI)Z@@W‘HP%WCQYMW 0-6- 25
(trifluoromethyl)-5-pyrimdinyl)-L-phenyl al ani ne thyl ester (260 ng, O0.48
mmol ), 4 June 2004 WD 01142223 PCT/ EPOO 11884 7§, ofyt apned as in the above
experinent, a l'ithiumiodide (6534 ng, 4.8 mmD i pyridine (14 nL) was
heated to reflju ‘%yﬁr.ni ght. The ‘ 3 N HC and
extracted w thyl acetase. T, 'ned extracts. wd washed with brine
sol ution and over magnesi ul fate, filter edfaan ev3dporated. The
residue was 5 triturated w th ether % hexane and di chl gyepethad¥ito give
N-[ (2-chl oro-6- nethyl phenyl)carbonyl] -4- [ 1, 3-dinefh 2,A-di oxo- 6-
(trifluoronethyl)-5- pyrimdinyl]-L-phenylal ani ne ( 70819 as a white
solid: np 243-247C. ES- HRVE me cal cd for C24H21Cl (MtNa) 546. 1014,
found 546.1013. 10 Exanple 23. Preparation of
N-[[2-fluoro-6-(trifluoronethyl)phenyl]car bon%b ulad Weight = 523.89
(1, 3-di net hy- 2, 4-di oxo-6- (trifluoronethyl)-5% ﬁ%c?"faﬁfWWF)‘:zﬂﬂzdﬁ@ﬁW% ani ne

A solution of 2-chloro-6-methylbenzoic acid (190 mg, 1.14 mmol) in

dichloromethane (7 mL) containing DMF (4 drops) was treated with oxalyl chloride

.10 (0.42 mlL, 4.8 mmol) and the mixture was stirred for 2 h. The mixture was

concentrated, azeotroping with toluene to remove traces of oxalyl chloride and the
residue was used directly in the next step. “
A mixture of the above prepared acid chloride, 4-(1,3-dimethyl-2,4-dioxo-6-
(trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine methyl ester hydrochloride salt

15 {423 mg, 1.003 mmol) in dichloromethane (5 mL) was treated with DIPEA (0.625
ml, 4.46 mmol) and the resulting light brown solution was stirred for 3 days. The
mixture was concentrated, diluted with ethyl acetate, washed with 1 N HCl 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

20 (40s) to give N-[(2-chloro-6-methylphenyl)carbonyl]-4-[1,3-dimethy-2,4-dioxo-6-

| (trifluoromethyl)-5-pyrimidinyl}-L-phenylalanine methyl ester as a white foam (179

mg, 33%). ES-HRMS m/e caled for CysHasCIN:Os (M+Na) 560.1171, found
560.1172.
A solution of N-[(2-chloro-6-methylphenyl)carbonyl)-4-(1,3-dimethy-2,4-dioxo-6-

25 (trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine methyl ester (260 mg, 0.48 mmol),



I OYN CF 3 CF3 ,N CO2H COCI Mol ecul ar Weight = 226.56 Ml ecul ar Fornul a
= C8H3CI F40 F Mol ecul ar Wi ght = 559. 44 Mol ecul ar Fornul a = CMBEAGGAN304 A
solution of 2-fluoro-6-trifluoronethyl benzoic acid (125 ng, 0.60 nmol)

(Al drich V830822 in dichloronethane (3 nl) containi ng DNFCT/EP@EyIagsR) was
treated with 15 oxalyl chloride (0.21 nmL, 2.4 mmol) and the m xture was
stirred for 2 h. The m xture was concentrated, azeotroping with toluene to
renove traces of oxalyl chloride and thegresi due was used directly in the
next step. A mixture of the above prepared acid chloride,

4- (1, 3-di net hyl - 2, 4- di oxo- 6-

(trifluor orremmadhéd&m:thwdode &wekmhenm%mﬁﬂﬁhmbaﬁier(ssmﬁlg,%éﬁ{ by g ochlori de
salt 20 (210 24 %;1 % hl or onet hape m.) Was treated Wt h _
" DI PEA (0. 336PYFr} le (J2 0 3l “Wr‘ ux Q¥eTRY h&“heun@!ﬁﬂubwemﬂlsf@dwﬂvomms
stirred for BChayiextritred witklettiy? acctss. nmmmeﬁt&@ac@ we%@%h\éﬂkﬁﬂa%ﬂ%'

acetate, wash 1. N HC and brin ution ried over
magnesi um Slfpﬁﬁpaan dPF?‘&Y‘Fd?P%’ﬁﬂu@/%lg% a%lF“Gﬁd aad @faae@tql The repidue washi ch
was pléﬁS i T\L [edngyﬁ%&mmaeém{h&aﬁ@mm?ﬁ%maﬁﬂm eﬁgqtﬁ ofkumm (40s) to
gi ve org-6<(tr nmet hy en car bonyl

Z4-(1, 3-di rré{"?H}YIE @F‘H}? &I%gﬂ tpfuprometivdd/s: 1884 71

(trifi uor omatybistidin mme b5 B By b AT gRS . B -aSp@ Wi te
f oam (179 wmgzo % ﬁ:&ca%ge fo CZSHZGF?I\B@%%’J CES 1183
found 598. caled for 24H51CIE3N2Os (M+Na) 546. 1014, found 546.1013.

10 Example 23. Preparation of N-[[2-fluoro-6-(trifluoromethyl)phenyl] carbonyl]-4-
(1,3-dimethy-2,4-dioxo-6- (trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine

|
N Ny©
CF, CF
3 N. .=
COH cocl -
3 — CF,
£ _
F . CEEN OH
Molecular Weight = 226.56 o©
Molecutar Formuta = C8H3CIF40Q
' F

Molecular Weight = 559.44
Molecular Formula = C25H20F7N304

A solution of 2-fluoro-6-trifluoromethylbenzoic acid (125 mg, 0.60 mmol) (Aldrich
33080-9) in dichloromethane (3 mL) containing DMF (2 drops) was treated with

15 oxalyl chloride (0.21 ml, 2.4 mmol) and the mixture was stirred for 2 h. The mixture
was concentrated, azeotroping with toluene to remove traces of oxalyl chloride and
the residue was used directly in the next step.

- A mixture of the above prepared acid chloride, 4-(1,3-dimethyl-2,4-dioxo-6-

(trifluoromethyl)-5-pyrimidinyl)-L-phenylalanine methyl ester hydrochloride salt

20 (210 mg, 0.50 mmol) in dichloromethane (3 mL) was treated with DIPEA (0.336 mL,
2.4 mmol) and the resulting light brown solution was stirred for 3 days. The mixture
was concentrated, diluted with ethyl acetate, washed with 1 N HCl 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

25 N-[[2-fluoro-6-(trifluoromethyl)phenyl]carbonyl]-4-(1,3-dimethy-2,4-dioxo-6-



A solution of N[ [2-fluoro-6-(trifluoronethyl)phenyl]

car bonyl] 4-(1,3-dinmethy-2,4- 5 4 June 2004

di oxo-6-(trifl uoronet hyl ) - 5-pyrim di nyl)-L-phenylal anine methyl ester (266
mg, O. 46%8 142225t ai ned as in the above experinent, and RPCHFEPAQMISEAdi de -
(624 ng, 4.6 mol) in pyridine (14 nL) was heated to reffux overnight. The
m xture was diluted with 1 N HCl and extracted with ethyl acetate. The
conbi ned extracts were washed w th brin& solution and dried over magnesi um
sulfate, filtered and evaporated The 10 residue was triturated with ether
and di chl oronet hane to give N [ 2-fl uoro- 6-

ari ; uor orre(morpmﬁvb}irammm}-a I(hbnﬁﬂlﬂnﬂﬁtrﬂmﬂnzl%st@rﬁ @Wﬁrt@fdah{ 176! uor ome

) 9 e soli ‘
12% 125C. p§9ﬂ%§§§%e ca @Wﬁa@%‘w&ﬁﬁf’@@% d f ound w
584.1028. 1 l e 24.
oyt i (rz?;z ikeslins '?ﬁi““ﬁ%%‘éy o Bl TE 2 4 800
gd E é 1 Bﬁ_ a :\I wr@( )qxactbyimw;}}anmdmcygfg@hhggﬁaﬁiﬁyhae&m @ét@xl7 2?2&%?3 HTSNOB

oc X
W 2?7_462‘%‘“% %m mﬁgr%’)%?agf"’ﬁeﬁ&“? iﬂdl%ﬂ éhas £66. 53

|, 9.45 oldin pyriding sasdratednatauk@Ierimgt. T | ad
gTrTDcharcoal ?}E}Sﬂ:ﬂri% eﬁ?@L t Fna 5 es gats r?lfijcotgaeenat g'clilaf?égraZI lﬁmat
room t enper at Ure & ?de‘ﬁ’gﬁ %W 11 eiJ bec “Ffil%‘é?‘@ﬂ‘”?‘f?r‘fﬁib?da pad of
celjl te vvashlvn@lhmehokahb;z Iimédﬂe(hbﬁe;e(lﬁ@n%ﬁm silfigte ffilteréddifl e aﬁﬂn‘?ﬁ@t rat ed
under;yacuu n
di meth d;I et h%%@cﬁ%ﬁ%ﬁt&gﬁtﬁ(?%g ﬁ%{%ﬂl @é?g‘%q@cﬂ‘ﬂfﬂl‘lﬂb éuptcgﬁt yel | ow
solid. El- Eﬁﬂﬁoromehﬂa}hzdylﬂatbcﬁyﬁﬂ—Qh@anﬁ%ﬁ 23T 6 (AR ARN0S-29. 4

7 June 2004 V\Qy%tﬁr%ﬁ; i- %Jenyl / EP% &1%,8 6%%) as a white solid: mp 122-125°C. ES-
HRMS m/e calcd for C24I"113P7N305 (M+Na) 584.1027, found 584.1028.

15 Example 24. N-[ (2—chloro-6-methyiphenyl)carbonyl]-4-(1,3—dimethyl—2,4—dioxo—5-
pyrimidinyl)-3-methyl-L-phenylalanine

a) Preparation of 4-[(1,1-dimethylethoxy)carbonyl] amino-3-methylbenzyl alcohol

O,N Boc,0, H,, PdIC BocHN
OH

EtOAc, rt.,2 h
CsHyNO, C;5HgNO;
Mol. Wt.: 167.16 Mol. Wt.: 237.29
20 A mixture of 4-nitro-3-methylbenzyl alcohol (56.53 mmol, 9.45 g), di-tert-butyl

dicarbonate (63 mmol, 13.74 g) and palla_dium on charcoal (450 mg) in ethyl acetate
(240 mL) was hydrogenated for 2 h at room temperature. Then, the reaction mixture
was filtered through a pad of celite washing with ethyl acetate (50 mL). The filtrate
was concentrated under vacuum to obtain 10.18 g (76% yield) of 4-[(1,1-

25 dimethylethoxy)carbonyl]amino-3-methylbenzyl alcohol as a light yellow solid. EI-

HRMS m/e caled for Ci3H;sNOs (M) 237.0126, found 237.0129.



b) Preparation of4-[[(1,1-dinethylethoxy)carbonyl]am noj

- 3- et hyl benzal dehyde BocHN OH C13H19 “03 Ml . W.: 237.29 dynei2d47Nos
Mol . W.: 235.28 To a solution

of 4- [ (1, 1Wd ¢182227| et hoxy) car bonyl ] am no- 3- et hyl benzyl al caiTEPoo/fsd+9 ol ,
10.18 g) in dichloronethane (85 nL) was added nmanganese di oxide 5 (138 '
nmml, 12 g) and 4A nol ecul ar sieves (6 g) at roomtenperature. The reaction
m xture was stirred for 76 h at roomtenperature and was filtered through a
pad of celite washing with dichloronethane. The filtrate was concentrated
under reduced pressure and the residue was purified by silica gel

chr omat ogr aphyPrepiraGorofti- ALyl AL Qi el d)

of 4- [ | (1?1 1 d|nethyﬁgthoxy)carbgﬁyP]an#%ofﬂgg ﬁ%?%ﬂ%@enzgg%g%yde as a
white solid: np 1094 11 1 C. EI-HRVS Wle calcd for C13H17NC3 ( M)

235.1208, f &oaN2 27 ) fﬂﬁ?“#@%ﬁ?@%’@x&car bonyl ]

N- (benzyl oxycar bonj

am no] - 3- met hyl dehyefop | al ani ne_net h er CN3 15 206 Mof.
W.: 440.49 To a sol ution of N @eMSréxyesr bonyl)- a- phosphonogl yci ne
trimethyl ester CLB8L,N@pI, 5.96 g) (Al drich Chenical GugHiphidy) in

di chl or onet hanéol.3¥t.n237. s added tetramet hyl guaniMiblnet( 285180l , 2. 07 Q)
at roomtenperature. The reaction m xture was stirred for 1 h at room

t enper at ur eTaagolutionati-{del-dunathyledoxpcarbioyl]aminoe’-metiyibatryl alcohol

of4-[[ (1,1 el %) I 5 mol ,

3.52 @) i ng%l chl oggﬁgﬁzﬁaﬁg%%ﬁ ags lﬁrc'i Wﬁ%@ﬁg‘?ﬁ/g’ﬁ fter 30

m n a§ t hi s(13Aapnolgip imdadcrnlecular siByes (6 g) at robmitemperature. The reaction
mixture was stirred for 76 h at room temperature and was filtered through a pad of

celite washing with dichloromethane. The filtrate was concentrated under reduced
pressure and the residue was purified by silica gel chromatography using a Biotage
(40m) column to obtain 7.82 g (77% yield) of 4-{[(1,1-

10 dimethylethoxy)carbonyl]amino]-3-methylbenzaldehyde as a white solid: mp 109-
111 °C. EI-HRMS m/e caled for C13H;;NOs (M+) 235.1208, found 235.1207.

c) Preparation of N-(benzyloxycarbonyl)-4-{[(1,1-dimethylethoxy)carbonyl]-
amino]-3-methyldehydrophenylalanine methyl ester

CH,

BocHN

I
o
HN ~

©/\o’&o 0

C24H28N2OG
15 Mol. Wt.: 440.49
To a solution of N-(benzyloxycarbonyl)-a-phosphonoglycine trimethyl ester (18
mmol, 5.96 g} (Aldrich Chemical Company) in dichloromethane (30 mL) was added
tetramethylguanidine (18 mmol, 2.07 g) at room temperature. The reaction mixture
was stirred for 1 h at room temperature and it was cooled to —30 °C. Then, a solution
20 of 4-[[(1,1-dimethylethoxy)carbonyl]amine]-3-methylbenzaldehyde (15 mmol, 3.52
g) in dichloromethane (12.5 mL) was added in one portion. After 30 min at this



4 June 2004 WO 01/42225 73 5 10 PCT/ EPOQO 1188-t tenperature, the reaction
mxture was allowed to warmto roomtenperature and was sti4dee 204 15 h
Then, the reaction mxture was diluted with diethyl ether (100 ni) and was
washed sud@ab#2223y with 0.5N hydrochloric acid (2 x 50 nmpcr/ERoMissyed

sodi um bi carbonate solution (100 nmL), brine solution (100 nL) and was dried
over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration gave a crude product, which was purified by silica gel
chromat ography using a Biotage (40m col ém to obtain 3.87 g (58%vyi el d)
of N-(benzyl oxycar bonyl) 4-1 [(1,1-

di rnet hyl et hoxy) car bonyl ] am _no] - 3- net hyl - dehydr ophenyl al ani ne net hyl ester
as a white dempgratyme. rrecion BUERrEWasalowed 1 parg ¢s rqom jemperatusEnd f ound

440.1524. d) BI:8RAAFOrS 1DPTHRR, (ﬁ@%ﬁﬁ&%ﬂﬁﬁmﬁfsl dﬂ'lﬁed With chethyl ether (100
[ (1, 1-di met hyl et hoxy) car bonyl ] met hyl - L- ph enX al ani ne net hy

|
ester CH3 C24nBrEhgas washed WCCGSAWQIY%th@ %I}I hxdsechlorisagén2 wss ﬂﬂés@@é{ateldr ough

a solution Ofsbﬁflﬁ?ﬂiéﬂb‘émfﬁ%ﬁllﬁﬁﬂﬁl(iooqni? blint solkBon {100 mL) and was dried over
di et hyl et hoxchar bonyl ] am no] - 3- net dehydr ophenyl al ani ne met hyl ester

(8.08 ~$mol pdrogy magnesitmg siéite.(Eildrakion Of ﬂiealrpag PSRt 8B4 genceniaarins] gave

over ni ght . dd Ped &amcﬁ%& ified by silica gel chromat Bi
(+)-1, 2-bi s(?e%ué 2u5 di et ha§ Sﬁ%;% o? a%ao bengg}lae(()ggyp(jlgo%s%ng(ﬁ elﬂ - rhodi um
)i

(1) tri$uor orféﬂm&n@lgmmfgmnP +hgryierpsrbonyt-4-[[(1.140 ng) was

added under hﬂ,"@o X d 20
under ; hydrg]é%n g?ééﬂ&%’ l]pSI ]g% EHr{z:g:l m(até}ér?%g atur%%h}é@ﬂhé{e Esr;

resul ting SQJ’Hifer@HdVHQ-IRMMIH&Hddﬂr SnHLMNOs CMIidet4p oy €sundasioased.f i ed by
silica_gel chromatography using a Biotage (40m colum to obtain 2 g (55%
yi el d) 1%f N (benzyl oxycarbonyl)-4- [ [ (1, 1-di nethyl et hoxy) carbonyl ] am no]

- 3- et hyl - L- d)herephatiahiofdl-(hipidbxyesibenylid- i, rduheholethomcibosgll d.
-El -HRM5 an/e cal c H%r .
amino)}-3-methyl-L-phenylalanine methyl ester

CH,
BocHN

@/‘o’% r

C24H3C)N206
Mol. Wt.: 442.50

A stream of argon was passed through a solution of N-(benzyloxycarbonyl)-4-[[(1,1-

15 dimethylethoxy)carbonyl]amino}-3-methyl-dehydrophenylalanine methyl ester (8.08
mmol, 3.56 g) in methanol (25 mL) in a Parr pressure vessel overnight. Then, the
catalyst, (+)-1,2-bis{(25,55)-2,5-dimethylphospholano)benzene(cyclooctadiene)-
thodium (I} trifluoromethanesulfonate [[Rh(COD)(S,S)-(me)DuPHOS]+TfO-]
(~40 mg) was added under a stream of argon in a glove box. The solution was stirred

20 under a hydrogen pressure (60 psi) at room temperature for 22 h. The resulting
solution was concentrated and the crude product was purified by silica gel
chromatography using a Biotage (40m) column to obtain 2 g (55% yield) of N-
{benzyloxycarbonyl)-4-[{(1,1-dimethylethoxy)carbonyl]amino]-3-methyl-1-
phenylalanine methy] ester as an amorphous white solid. EI-HRMS m/e caled for

25 CasH3oN>0g (M) 442.1627, found 442.1629.



25 C24H3ON20G6 (M+) 442.1627, found 442.1629. 4 June 2004 WD 01/ 42225

PCT/ EPOQO 11884 74 e) Preparation of 4 June 2004

N-. (benzyl oxycar bonyl ) - 4- am no- 3- net hyl - L- phenyl al ani ne net hyl ester

hydr ochl oW@er#32% H HCl N. G 9H23CI N2O4 Mot. W.: 378. 8®CTmimoAaissel uti on
of N-(benzyl oxycarbonyl)-4-[(1, 1-di met hyl et hoxy) car bonyl ] am no- 3- '
net hyl - L- phenyl al ani ne nethyl ester (4.52 rnnol, 2 g) in dioxane (12 nl)
was added 4N hydrochloric acid in dioxgge (48 mmol, 2 nL) at room
tenperature and the solution was stirred for approximately 2 h as a white
precipitate was fornmed. The solids were diluted with diethyl ether, the
not her |iquor was decanted and the residue 10 was dried first on a rotary
evaporator and then under high vacuumto afford 1.487 g (87%yield) of

N- (benzyl ox§k direpargtion af Nntbensylexyrattiopyl)t4-pinimy B ahethyiAb-pirenyislhnine st er

hydr ochl ori de yell ow solid. FAB.-HRMS mle calcd for
Cl9H22N2OA4 (M@%@ﬁéﬁ%aﬁéﬁ%oﬁ43 0144. 15 f) Preparation of

N- (benzyl oxycar bonyl )CHg i odo- 3- et hyl - L- phenyl al ani ne nethyl ester
C19H201N04 Mbl .HYM¥ _-~453. 27 A suspension of sulfuric acid (0.3 nL), water
(36 nL) andHNG{benz ycar bonyl ) - 4- am no- 3- net hyl - L- phenyl al ani ne net hyl
ester hydrochloride se&ftN(2.9 mol, 1.1 g) 4 June 2004 WD 01/ 42225

PCT/ EP00111884 75 was heateghto obtain a clear solution. Then, it was
cooled to --1 C (ice-bh)yyand a solution of sodiumnitrite (5.8 mol, 400

ng) in water (8li QS un dr opw se.

Mol. Wt.: 378.85

5 To a solution of N-(benzyloxycarbonyl)-4-[(1,1-dimethylethoxy)carbonyl]amino-3-
methyl-L-phenylalanine methyl ester (4.52 mmol, 2 g) in dioxane (12 mL) was added
4N hydrochloric acid in dioxane (48 mmol, 2 mL) at room temperature and the
solution was stirred for approximately 2 h as a white precipitate was formed. The
solids were diluted with diethyl ether, the mother liquor was decanted and the residue

10 was dried first on a rotary evaporator and then under high vacuum to afford 1.487 g

. (87% yield) of N-(benzyloxycarbonyl)-4-amino-3-methyl-L-phenylalanine methyl.
ester hydrochloride salt as an amorphous yellow solid. FAB-HRMS m/e calcd for
CisH2N,04 (M+H) 343.0142, found 343.0144.

15 f) Preparation of N-(benzyloxycarbonyl)-4-iodo-3-methyl-L-phenylalanine methyl
ester
CH,

HN N

@ﬁo*o 0

C.gHzINO,
Mol. Wt.: 453.27

A suspension of sulfuric acid {0.3 mL), water {36 mL) and N-(benzyloxycarbonyl)-4-
amino-3-methyl-L-phenylalanine methyl ester hydrochloride salt (2.9 mmol, 1.1 g)




The reaction mxture was stirred for 30 mn, and a solution of potassium
iodide (8.7 mml, 1.5 g) in water (6 nL) was added to obt aihJene?¥idn
suspension. After stirring 5 for 30 min, the reaction m xture was al |l owed
t o war m t WO®dHRI28nper at ure and was stirred for I h. ThenpCr/geooasst i on -
m xture was diluted with water (100 nL) and was extracted with ethyl
acetate (3 x 50 nL). The conbi ned extracts were washed with saturated
sodi um bisulfite solution (100 m.) and bggne solution (100 rnL) and were
dri ed over anhydrous magnesium sulfate. Filtration of the drying agent and
10 concentration gave a crude product, which was purified by silica gel

chr ormat ographkh&@d&@&m&@&}@ﬁ%dﬁﬁﬁ)m' &%Eﬂo@é}&f °® §eb Qﬁ‘&/ qyield)

of N (benzyl x)rc nyl ) |odo al anl ester as

hyl
an anor phou¥® Wﬂnc 58 mt'F_fS ﬁﬁm éo‘t@gb@l W%iﬁl' IQHZME@M*OWIS
476. 0329, f'Ph'@fiaéWo@: xgﬁﬁﬁ-e wh? shredfo? Bﬁhﬁﬁ |2 2blution of potassium iodide (8.7
N- (benzyl oxycarqlie{% % 3-di net hyl - I 0X0- 5-
pyrim di nyl ) 352 g ingw ﬁéﬁﬂ@l%uadée%@tqmnebr@m@men@n Mifter @ixglig H3C
C25HVNBOB Mok 30 Wlin, thé & SWS 5?5*}1‘@“% 98 )
in THE (1.5 nl) v%g addeéé%%&ztgr di b?ggrrvgée&t)%a‘ﬁié ioq%r?ogf& g{%agroom

t enper at ur e. StFFeddoslBokhes; the reastion mixee wassliboedwitl waiter( 160 mEandywas unt | |
evol ution ofexelabivh GG U 2628 E5lx Fa‘ﬁgg %H %%mb%?l'ép%gﬁ R e\{)@ﬁ,agh%ghg to room

tenperature and tri rreth | chl or osi ane was a and the
m xture was 5§E‘-F?"Féd°¢‘l§m bisnligte solupion (E}9ank) @dbﬁneﬁsdmm(lmmldlandmyd uraci |

(2.5 mol },@MQ, 'fﬁq@ m@pggrq 4 June 2004
VO 01142225 PCTI EPOC)’ 1884 -7 |§lon an %Igogg} adéﬁng gnnggﬁgrtlon to the
react iBn m MF@UWFSﬁV%‘GPﬂ‘FW uethwhich was purified by silica gel chromatography

using a Biotage (40m) column to afford 0.84 g (64% yield) of N-
(benzyloxycarbonyl)-4-iodo-3-methyl-L-phenylalanine methyl ester as an
amorphous white solid. ES-HRMS m/e caled for C;oH20INQ, (M+Na) 476.0329,
found 476.0336.
15 :

g) Preparation of N-(benzyloxycarbonyl)-4-(1,3-dimethyl-2,4-dioxo-5-

pyrimidinyl)-3-methyl-L-phenylalanine methyl ester

oy
O. N_.O
Y o

N~

C25H27N305
Mol. Wt.: 465.50

To a suspension of zinc dust (15 mmol, 0.98 g) in THF (1.5 mL) was added 1,2-

20 dibromoethane (1 mmol, 0.13 mL) at room temperature. This suspension was heated
to 60-65 °C with a heat gun until evolution of ethylene gas ceased. Then, the
suspension was cooled to room temperature and trimethylchlorosilane (0.5 mmol, 70
uL) was added and the mixture was stirred for 15 min. A suspension of 5-iodo-1,3-
dimethyl uracit (2.5 mmol, 665 mg) in DMA (2 m1.) was warmed to obtain a clear



m xture was heated to 70 T. The reaction mxture was stirred at 70 C for
approximately 3 h, at which tinme TLC of an aliquot, which hatJW®e?P0uenched
with saturated anmoni um chloride, indicated the absence of starting

materi al . YWRAVE22E xture was diluted with THE (2 nL), al | owedT/EPorIess r oom
tenperature and the excess zinc dust was allowed to settle. The above ’
prepared solution of zinc conpound (2.5 nmol) was added to a solution of
Pd(dba)2 (0.05 mmol, 27 nmg), trifuryl phoagphine (TFP) (0.2 nmmol, 50 ng) and
N- (benzyl oxycarbonyl) - 4-i odo- 3- et hyl - L- phenyl al ani ne methyl ester (Q5
mol , 227 10 ng) in THE (2 nL) at roomtenperature and the resulting |ight
yel | ow nmi xt splutigmgnd sias added i one fdrtionab thbreactioclN@inteRC Aferadditddlige Was then

poured into m chloride solutign and was extracted with
ethyl acetafe E gé H’Eg%&gid)mryﬁné oﬁ?ﬁ?q?é‘dnﬁﬁeéﬁaﬁé%aét & with brine
sol uti on (5@ppioxinaatelydrti, etiwhick timeFIiy of @Jﬂxqmmﬁﬁwm&b@ehﬁtuﬁncﬂ:eﬁ%f@t i on of
the drying g&:{;}itte&i concenwﬁagl on v(g t he crude, product, which was
purified by srlica o g‘? @eﬁgsedchngtéﬁ@gf{ﬁeml Tt um to
1%, gt it e e,
i met hyi - i Qx0- [ met hy phenyl al ani ne net hyl "ester as
an anorp hous e ussg iﬁh%‘/‘gifﬂe calcd for C25H27N306 ( M+Na)
g]zca 2. (11 93 . E‘huaimb%&&zpihﬁﬁ(])sohﬂibnlofhﬁf cbh:dpbuﬁ’& Qﬂﬁﬁﬁé%:ﬁgﬁvaﬁ addedetr? 3 so}%ur?nne
-(1,3-di | 0X | - L- l
met hyl est egﬁgj@i’ %(0 Rg o%cﬁﬁ ?’ﬁdﬁgﬂﬂé@% 381.1;01330 Ngﬁrﬂ'(d M-e of
N- E Eenzyl o>r<] ﬂﬁalﬂﬂmathl)boﬂyloﬁ@d@S@&Ml-L%I&nﬂhEﬁﬁteﬁn&ﬁ%é&eg (0¥ H‘ng 27
gﬁd Y10 PNg rg %ﬁ‘i}'(ﬂ qu%t rglom gz%np%;'ature and tg e resulting light yelIoSvyr(x:wcturi);sar;e ( )
stirred for 15 h at 45 °C. The reaction mixture was then poured into a saturated
ammonium chioride solution and was extracted with ethyl acetate (3 x 30 mL). The
combined extracts were washed with brine solution (50 mL) and dried over
anhydrous magnesium sulfate. Filtration of the drying agent and concentration gave
15 the crude product, which was purified by silica gel chromatography using 2 Biotage
(40m) column to obtain 161 mg (69% yield) of N-(benzyloxycarbonyl)-4-(1,3-
dimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L-phenylalanine methyl ester as an
amorphous white solid. ES-HRMS m/e calcd for CpsH,,N3Oq (M+Na) 488.1792,
found 488.1801.

(( ‘@)

20
h) Preparation of 4-(1,3-dimethyl-2,4-dioxo-5-pyrimidiny})-3-methyl-L-
phenylalanine methyl ester

CyHyyN;O,
Mol. Wt.: 331.37

A mixture of N-(benzyloxycarbonyl)-4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-3-
25 methyl-L-phenylalanine methyl ester (0.34 mmol, 159 mg), cyclohexene (1 mL) and
10% palladium on carbon (100 mg) in ethanol (3 mL) was heated to reflux for 20




10% pal | adi um on carbon ( 100 nag) in ethanol (3 nL) was heated to reflux
for 20 4 June 2004 WD 01/ 42225 PCT/ EPOQ 11884 77 min. Then, 44unga2POfi |t ered
through a pad of celite and the pad was washed with et hanol (10 nmL). The
conmbi ned WQ ¥4 was concentrated and the residue was driRCI/ERMAES4hi gh .
.vacuumto afford 96 nmg (85%vyield) of 4-(1, 3-dinethyl-2,4-di oxo-5-

pyrim di nyl)-3-net hyl - L- phenyl al ani ne net hyl ester as a sticky yellow
solid. ES 5 HRMS me calcd for CL7H21N3047( MtNa) 354. 1424, found 354. 1424.
i) Preparation of N- [ (2-chloro-6-nethyl phenyl)carbonyl ]

-4-(1, 3-di net hyl - 2, 4- di oxo-5-pyrimdinyl)-3-nethyl -L-phenyl al ani ne net hyl
ester CHs  QuiNYOhEhf3t WREING tHoohBGh MR elitiind (i » adﬁﬁfwa%ﬂ%é&tﬁo a

f4 4 5- di -3
Shony! al ani el i mLE T prsbied Bzt wagsomsptetaod coe msdugares driedr 5 )
and ~ 2- chl ongrdér hhyhbﬁﬁz&aﬁora@lsdng @s@fsﬁemu (2,5 diBhetiyl2 Mok 5L) was

added diisopro r 00 terrperat ure. After
5 min, eveﬁ@?ﬁﬁﬁ’d‘% %&'&“E‘H‘Uﬁ eawaﬂ%@t%aﬁ S%YIYGU@‘SWME E®n wa
stirr esi for }Mraleclﬁdrfml-lﬁm SM,%) 350845 £30Mdd 353 1dai k br own soI ut i on

was diluted wth ethyl acetate The ethyl acetate |ayer was washed
successively with I N hydrochl ori c acid (2 x 30 nlL), saturated sodium

bi car bonat e ;5 optbhRRoh P NZMTR) ety ALy mﬁﬂ@ s dried
over anhydr o)tis *néggney um S[l} Cg%%BCEF%tratﬁ%ng%%‘rgt ﬁéﬁ%r(jl/l ng ag n?@ and
concent rati on GEXrePEERIEH) -ganethyltle pheniidagipo methyl tierch was purified by
silica 20 gel chr@.mat ography using a Biotage (40s) colum to afford 42 ny
(70% vyield) of N-N[ 0 _
(2-chl oro-6- rreﬁ{yl ifien@iy) car bonyl ] - 4- (1, 3-di net hyl - 2, 4- di oxo-5-pyrirnidi nyl
) - 3- ms*thyl('flé Rpi ne nethyl ester .as a oily residue. ES-HRVS nfe
calcd for §H26C1 (MtNa) 506. 1454, found 506. 1459.

Cl

CacHpsCIN,O,
Mol. Wt.: 483.94

10 To a suspension of 4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L-
phenylalanine methyl ester (0.125 mmol, 46 mg), HBTU (0.125 mmol, 47.5 mg) and
2-chloro-6-methylbenzoic acid (0.137 mmol, 25 mg) in DMF (2 mL) was added
diisopropylethylamine (0.312 mmol, 44 uL) at room temperature. After 5 min,
everything went into solution and the clear yeliow solution was stirred for 72 h at

15 room temperature. The resulting dark-brown solution was diluted with ethyl acetate
(30 mL). The ethyl acetate layer was washed successively with IN hydrochloric acid (2
x 30 mL), saturated sodium bicarbonate solution (30 mL), and brine solution (30
mL) and was dried over anhydrous magnesium sulfate. Filtration of the drying agent
and concentration of the solvent gave the crude product which was purified by silica

20 gel chromatography using a Biotage (40s) column to afford 42 mg (70% yield) of N-
[(2~chloro-6-methylphenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-3-
methyl-L-phenylalanine methyl ester as a oily residue. ES-HRMS m/e caled for
CasHaCIN3Os (M+Na) 506.1454, found 506.1459.



4
N-[ (2- chl oro- 6- met hyl phenyl ) carbonyl ] - 4- (1, 3-di nethyl -2, 4- dt &5 Eyri m

i di nyI) | - L- phenylalanine CH3 O N -O CH3 OH Cl1 C24H24C1N305 Mol .
W.: 469. 9@%52/2&235uspen3| on of PCT/EP00/11884

N- [(2 chl or o- 6- met hyl phenyl ) carbonyl ]-4-(1, 3-dinethyl-2,4 5

di oxo- 5-pyri m di nyl) - 3-net hyl - L- phenyl al ani ne nethyl ester (0.083 mvol, 40
ng) in ethanol (1 nL) was added aqueousygl. 0 N sodi um hydroxide (0.2 nlL) at
room tenperature. The m xture was stirred for 2 h at roomtenperature.
Then, the ethanol was renoved under reduced pressure and the residue was
di l'uted W t §) VBrepdrafién 6LN-[(2-FHRr }’i’ich:% di et hyl

et her (20 m? hé.x renove an[( neut(?g%loﬂpﬁsﬂrltlesw%ﬁqueoﬁt #Iayer was
acidified wit Qx‘?}sr\l’mdﬁ'ﬁ’@ %-m,eﬂp}fldduhqn eextracted into ethyl acetate
(2 x 25 rnL). Theygonbi ned organic extracts were washed wth brine
solution (50 al) ,\aﬁdowere dried over anhydrous magnesium sul f ate.
Filtration of ﬁﬁe ¥ yicHy agent and concentration of the filtrate afforded
34 ng (87%6_}/
N-[ (2-chlor met hy gnyl ) car bonyl ] -4- (1, 3-di net hyl - 2, 4-di oxo-5 15

pyri m di nyl) - 3- et hy enyl al ani ne as an anorphous white solid. ES-HRMS
me calcd for C24H24CLN395 Na) 492.1295, found 492. 1301. Exanple 25.
Preparati on of N-[ (2, f- Hi . henyl)carbonyl] 4- (1, 3-di met hyl - 2, 4-

di oxo- 5- pyri m di nyl - et iyl - L- phenyl al ani ne 20 a) Preparation of N [

(2, 6-di chl oropheny FboAyl] -4- (1,3-dimethyl-2,4-di oxo-5-
pyrirnidinyl)-3-ne blphenylalanine nmet hyl ester 4 June 2004

c24'“124C]N305
Mol. Wt.: 469.92

To a suspension of N-[(2-chloro-6-methylphenyl)carbonyl]-4-( 1,3-dimethyl-2,4-
5 dioxo-5-pyrimidinyl)-3-methyl-L-phenylalanine methyl ester (0.083 mmol, 40 mg)
) in ethanol (1 mL) was added aqueous 1.0 N sodium hydroxide (0.2 mL) at room
temperature. The mixture was stirred for 2 h at room temperature. Then, the ethanol

was removed under reduced pressure and the residue was diluted with water (5mL).

June 2004 WD 01/42225. PCT/ EPO0/ 11884 78 j) Preparation of
[
|

_ The aqueous solution was washed with diethyl ether (20 mL) to remove any neutral

10 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 solution (50 mL) and were dried over anhydrous magnesium sulfate,
Filtration of the drying agent and concentration of the filtrate afforded 34 mg (87%
yield) of N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3-dimethy}-2,4-dioxo-5-

15 pyrimidinyl)-3-methyl-L-phenylalanine as an amorphous white solid. ES-HRMS m/e

~caled for CyH4CIN:O5 (M+Na) 492.1295, found 492.1301.

Example 25. Preparation of N-[(2,6-dichlorophenyl)carbonyl}-4-( 1,3-dimethyl-2,4-
dioxo-5-pyrimidinyl)-3-methyl-L-phenylalanine
20
a) Preparation of N-{( 2,6-dichlorophenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl)-3-methyl-L-phenylalanine methyl ester



WD 01/ 42225 PCTI EPOO/ 11884 79 CI C24H23CI 2N305 Mdl. W.: 5D4.36 To a
suspensi on of 4-(1,3-dinethyl -2, 4-di oxo-5-pyri m di nyl) - 3- net$yine 2004
phenyl al ani ne net hyl ester (0.128 rnnol, 47 ng) and 2, 6-di chl or obenzoyl
chloride WOOB322r nol, 32 ng) in dichloronethane (1 rnlL) RrawEReHadss

di i sopropyl ethylamne 5 (0.45 mml, 77 uL) at roomtenperature. After 5
mn, everything went into solution and the clear yellow sol ution was
stirred for 15 h at roomtenperature. Themgresulting brown solution was
diluted with dichloronethane (25 nL). The dichl oronmet hane |ayer was washed
successively with IN hydrochloric acid (2 x 25 nL), saturated sodium

bi car bonat e solut@mg (25 nm.), and brine solution (25 nL) and was dried over
10 anhydrous nmagnesi Um sul fate. Filtration of the drying agent and
concentration gdve h&Hyr ude product which was purified by silica gel
chronatograplll‘n_yC big~ag-8lotage (40m) colum to afford 52 ng (81% vyield) of
N-[ (2, 6-di chl &F opheny ar bonyl ) - 4-

(1, 3-dinethyl-2,4-dio ~pyri m di nyl)-3-net hyl -L-phenyl al ani ne net hyl
ester as an anorphous whife gpolid. ES-HRM5S nfe calcd for C H sCI12N3C6
(M:Na) 15 526.0907, f@uHN 526.0912. b) Preparation

of N-[ (2, 6-di chl or oph | kgarponyl ] - 4- (1, 3-di net hyl - 2, 4- di oxo- 5-

pyri m di nyl)-3-rnet -L-%henylalanine 4 June 2004 WD 01/42225 s0 OH Cf
C23H21CI N30o5 MoL ; 0. 34 PCTI EP00111884 To a suspension

of N-[ (2, 6-di chl or q$ II ar bonyl ] -4- (1, 3-di net hyl - 2, 4- di oxo- 5-
pynnidinyl)-S-HEtE% <2 = fyl al ani ne nethyl ester (0.1 nmmol, 59 rug) in

et hanol (1 r“z% 04'35y

To a suspension of 4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L-
phenylalanine methyl ester (0.128 mmol, 47 mg) and 2,6-dichiorobenzoyl chloride
(0.153 mmol, 32 mg) in dichloromethane (1 mL) was added diisopropylethylamine
5 (0.45 mmol, 77 ul) at room temperature. After 5 min, everything went into Solution
and the clear yellow solution was stirred for 15 h at room temperature. The resulting
brown solution was diluted with dichloromethane (25 mL). The dichloromethane
layer was washed successively with 1N hydrochloric acid (2 x 25 mL), saturated
_ sodium bicarbonate solution (25 mL), and brine solution (25 mL) and was dried over

10 anhydrous magnesium sulfate. Filtration of the drying agent and concentration gave
the crude product which was purified by silica gel chromatography using a Biotage
(40m) column to afford 52 mg (81% yield) of N-[(2,6-dichlorophenyl)carbonyl}-4-
(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L-phenylalanine methyl ester as
an amorphous white solid. ES-HRMS m/e ca..lcd for CyqH2sCloN3Os (M+Na)

15 526.0907, found 526.0912.

b) Preparation of N-[(2,6-dichlorophenyl)carbonyl] -4-(1,3-dimethyl-2 4-dioxo-5-
pyrimidinyl)-3-methyi-L-phenylalanine



rnL) was added aqueous 1.0 N sodi um hydroxide (0.2 nL) at roomterH)erature.
The 5 m xture was stirred for 2 h at roomtenperature. The

renoved under reduced pressure and the residue was diluted with water (10
m.). The Wu&WBH225 sol uti on was washed with diethyl ether (EfrEsoo)1889 r enove
any neutral inpurities. The aqueous |ayer was acidified with 1.0 N HC1 and
the product was extracted into ethyl acetate (2 x 15 nlL). The conbi ned
organi c extracts were washed with brine g solution (50 nL) and were dri-ed
over anhydrous nagnesium sul fate. Filtration of the drying agent and
concentration of the filtrate afforded 20 ng (41%yield) of NN [ (2,6-

di chl or ophenyl )ca-tgonyl ] -4-(1, 3-di net hyl - 2, 4-di oxo-5-pyri m di nyl ) - 3- net hyI
L- phenyl al anp Nas @n_anor phous white solid. ES-HRMS rule calcd for
CH21C2N3Gb  ( MF 1£H752, found 512.0754. 15 Exanpl e 26.

N[(2,6-dic shbprreqybygcar bonyl 1 -4-(1, 3,6-trinet hyl -2, 4-di oxo- 5-

pyrimdi nyl ) 33- phenyl al ani ne a) Preparation of

N- (benzyl oxycar bonyl =2 , 3,6-trinethyl-2,4-di oxo-5- 20
pyriniidinyl)-3-nmethyl-L al anine nethyl ester 4 June 2004 WD 01/42225
PCT/ El ' Q0/ 11884 81 . W.: 280.06 OCH3 YYCH3 f ONOHCN
C26H29N3 06 o]

o]
CZEH21C’2N305
Mol. Wt.: 490.34

To a suspension of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl)-3-methyl-L-phenylalanine methyl ester (0.1 mmol, 59 mg) in ethanol (1
ml} was added aqueous 1.0 N sodium hydroxide (0.2 mL) at room temperature. The
5 mixture was stirred for 2 h at room temperature. The ethanol was removed under
reduced pressure and the residue was diluted with water (10 mL). The aqueous
solution was washed with diethyl ether (20 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 15 mL). The combined organic extracts were washed with brine
10 solution (50 mL) and were dried over anhydrous magnesium sulfate. Filtration of the
drying agent and concentration of the filtrate afforded 20 mg (41% yield) of N-[(2,6-
dichlorophenyl)carbonyl] -4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L.-
phenylalanine as an amorphous white solid. ES-HRMS m/e caled for Cp3Hz,CoN;30s
‘(M+Na) 512.0752, found 512.0754.

15
Example 26. N-[(2,6-dichlorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-3-methyl-L-phenylalanine
a) Preparation of N-(benzyloxycarbonyl)-4-(1,3,6-trimethyl-2,4-dioxo-5-

20 pyrimidinyl)-3-methyl-L-phenylalanine methyl ester



Mal. W.: 479.53 To a suspension of zinc dust (15 mmol, 0.98 g) in THE (1.5
m.) was added 1, 2- dibronmoethane (1 mmol, 0.13 nl) at room tédyer2i0br e.
Thi s suspension was heated to 60-65 Cwith a heat gun until evol ution of
et hyl ene W€ 03d2228d- Then, the 5 suspension was cool ed to pPovEPbEBEr at ure
and trimethylchlorosilane (0.5 mmol, 70 ulL) was added and the m xture was
stirred for 15 mn. A suspension of 5-iodo-1,3,6- trinethyl uracil (2.5
mrol, 700 ng) in DVA (2 nL) was warned tgjiobtain a dear solution and was
added in one portion to the reaction m xture. The reaction m xture was
stirred at 70 C for 3-4 h at which tinme TLC of an aliquot which, had been
10 quenched with saturated amoni um chl ori de, indgQated the absence of
starting material. Then, the reaction m xtur kiuted with THE (3 nL)
and the excess zin¢ dust was allowed to settléﬁ’ algBlye prepared

‘sol ution contai'® ﬁ zi nc compound (2.5 |.N ed to a solution
of Pd(dba)2 (0.0 |, 27mg)y—trifou™st phos nej ( 0.2 mol, 50 15
ng) and N (benzyl oxycar bonyi ) - &tsodo- 3- met hyl - L- phidn i ne nethyl ester
(0.5 mmol, 227 ng)CHp THE (gl at roomtenperature and the Light yellow
m xture was stirred for 15 h kU € Was
poured into a Ga@t ed ammonianhT™ghl oride sol utigQn nd/g@soextracted W th
et hyl acet at 8lo Wtx2@®Wmenl). The colbi peghextrac reOwashed with brine
solution (50 nL) and were dried en(20 arhydro gnesi um sul f at e.
Filtration of the drying_ a2 gdncentration gave he crude product
whi ch was purified by si h g cﬂronatography U iR 5ﬁtage (40m
colum to obtain 71 ng (3% yield) of N--(benzyl oxycarbonyl)-4-(1, 3, 6-

tri.methyl - 46?‘;582’(%3? p i m di gﬁgl ) -3- gegggl L- ghergﬁl}\;nig&zggfﬁgyl ester
as an yello ! asdust éﬂﬁpb . R . §s 273, found
502.2174. 4 &Bf&@e%ﬂxe@u%éﬂ@.agm5q&§rngg{#ﬂ%%% msu_fﬁegnﬁﬁﬁ ag ﬁ@atgé

4-(1,3,6-trinethyl -2, %}-ldl 0X0- 5- pyrim L eny a. ni ne

met hyl est ert® 5 “G\yith a feat gun until evolution of ethylene gas ceased. Then, the

5 suspension was cooled to room temperature and trimethylchlorosilane (0.5 mmol, 70
ul) was added and the mixture was stirred for 15 min. A suspension of 5-iodo-1,3,6-
trimethyl uracil (2.5 mmol, 700 mg) in DMA (2 mL) was warmed to obtain a clear
solution and was added in one portion to the reaction mixture. The reaction mixture
was stirred at 70 °C for 3-4 h at which time TLC of an aliquot which, had been

10 quenched with saturated ammonium chloride, indicated the absence of starting
material. Then, the reaction mixture was dilated with THF (3 mL) and the excess zinc
dust was allowed to settle.

The above prepared solution containing the zinc compound (2.5 mmol) was added
to a solution of Pd(dba), (0.05 mmol, 27 mg), trifuryiphosphine (TFP) (0.2 mmol, 50

15 mg) and N-(benzyloxycarbonyl)-4-iodo-3-methyl-L-phenylalanine methyl ester (0.5
mmol, 227 mg) in THF (2 mL) at room temperature and the light yellow mixture was
stirred for 15 h at 45 °C. Then, the reaction mixture was poured into a saturated
ammonium chloride solution and was extracted with ethyl acetate. (3x30mL). The
combined extracts were washed with brine solution (50 mL) and were dried over

20 anhydrous magnesium sulfate. Filtration of the drying agent and concentration gave
the crude product which was purified by silica gel chromatography using a Biotage
(40m) column to obtain 71 mg (30% vield) of N-(benzyloxycarbonyl)-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L-phenylalanine methyl ester as an
yellow oil. ES-HRMS m/e caled for CogHzsN304 (M+Na) 502.2173, found 502.2174.



H3C'N. C18H23N3O4 O Mol. W _: 345.40 5 A mi xture of

N-(benzyl oxycar bonyl)-4- (1,3, 6-trinethyl -2, 4-di oxo- 5- pyri ni 4 g 3003-

nmet hyl - henyl al ani ne net hyl ester (0-145 nmol, 70 ngy), cycl ohexene (i nl)
and 10% S%@PHW%M on carbon (100 ng) in ethanol (2 nl) wacTErmbAadssso redux
for 15 h. Then, it was filtered through a pad of celite and the pad was
washed with ethanol (10 nli). The conbined filtrate was concentrated under
reduced pressure. The residue 10 was driggl under high vacuumto afford 36
ng (72%yield) of 4-(1,3,6-trimethyl-2,4-

di oxo-5-pyri m di nyl) - 3-net hyl - L- phenyl al ani ne nmethyl ester as a |ight
yellow solid. ES-HRVS nle calcd for CL8H23N3O4 (MtNa) 368. 1327, found

368. 1321. f
N-[ (2, 6- di c%‘i’) é@ﬁ%ﬁ)@éré&ﬁﬂmghﬂﬁ%ms -petimpdingl)-S-miethwbL- 15

5-pyrim di nyI) Megmg{wgy dal anine nethyl ester CH3 ONOyy G'H3
H3C'N Cl C H2 % 05 Mot. "W.: 518:39 4 June 2004 WD 01/42225
PCT/ EPOO 11884 8&tko a suspensi on of

04Cg| 0X0-5-pyri mdinyl)-3-methyl -L- phenyl al ani ne
¥ 34 ng) and 2, 6-di chl orobenzoyl chloride

4-(1,3,6-trin®
met hyl ester (

C1gHp3N;0,
Mol. Wt.: 345.40

5 A mixture of N-(benzyloxycarbonyi}-4-(1,3,6-t1imethy1—2,4—dioxo—5-pyrimidinyl)-3-
methyl—L-phenyIalanine methyl ester (0.145 mmol, 70 mg), cyclohexene (1 mL) and
| 10% palladium on carbon (100 mg) in ethanol (2 mL) was heated to reflux for 15 h.

Then, it was filtered through a pad of celite and the pad was washed with ethanol (10
mL). The combined filtrate was concentrated uﬁder reduced pressure. The residue

10 was dried under high vacuum to afford 36 mg (72% yield) of 4-(1,3,6-trimethyl-2,4-
dioxo-5-pyrimidinyl)-3-methyl-L-phenylalanine methyl ester asa light yellow solid.
ES-HRMS m/e caled for CigHzsN30, (M+Na) 368.1327, fqund 368.1321.

¢) Preparation of N-[(2,6-dichlorophenyl)carbonyl) -4-(1,3,6-trimethyl-2,4-dioxo-
15 5-pyrimidinyl)-3-methyl-L-phenylalanine methy! ester

Cl

CasHasCLN;O;
Mol. Wt.: 518.39



(0.1 mol, 21 ng) in dichloronethane (2 nL) was added diisopropyl et hyl am ne
(0.4 mml, 70 uL) at roomtenperature. After 5 mn, everyth dgnandid i nto
solutiron and 5 the clear yellow solution was stirred for 15 h at room

t enper at urvO 0AR23 esul ting brown sol ution was dil uted wi trcTiEpdohossenet hane
(25 nmL). The dichl oronmethane |ayer was washed successively with IN
hydrochloric acid (2 x 25 nL), saturated sodium bicarbonate solution (25
m.), and brine solution (25 nL) and was gsi ed over anhydrous nmagnesi um
sulfate. Filtration of the drying agent and concentration of the 10

sol vennt gave the crude product which was purified by silica gel

CNt" Fm?tZ ogr apiy a spesionofi-01,38 ritfbBPl- 2008 RY. 5Ly kRN 22,1 (48% yi el d)  of

di chl or ophenghepeialagingmethyl ester 0. %&Q[IPF}?&F’HW%)M é';@blosowmﬁw'chlom;ie) -3-meth
| -L- pheny! @l P}, ZT2h)ihn f

a5 S (o) B3 ﬁ?‘%%&""?i“"“ﬁ}%’e% s ided drsoifSiictbiaBueed o

N-[(2,6-dic g’?ri)la § FOOmB tmperatyte Sf%mﬂ»leﬁﬁvﬂl)ﬂ“‘zemmombmon and

5- pyri gi di ny&kcﬁamuwlsolhnahwk&km&@s hatRodhdpeltatieTnClRNER Wt W

n of

504. 36 To a sus 0
N[ (2, 6-di CQIBWBﬁH@WPWﬁBBﬁ9WM{@°@MWFM m).-Thedidhilovopetitfhe
5-pyrim di nWhga%aH%Q%HshccE&%WﬁE@m%?dﬁ%ﬁlhﬁkﬁﬁg %g(clzg%& ag;ggr%gd 22 mg) in

et hanol (2 nL room

eous 1.0 dium
t emper at ure. °‘ﬁ‘|’é“ %%epéte “9{1 (37 mé)-fpd bﬂnﬁsdﬂhfmﬁ%mb}muudm:d oTrIae
et hanol was dﬂ?@é@ﬁ'ﬂé@ﬂ&ivzﬁ@ﬁ%@?ﬂﬁ&ﬁ&?%ﬁe ﬂﬂﬂnﬂéﬂ%{;{]ﬁ@l %ﬁ%ﬁ’@ﬁ} d'0|f (£d with

vvaterll{élo m.) The aqueous sql ution was was 90 )
to refBve arﬁ?l"ﬁ afhe W@EOQ%MMWMQBP@WEMWywl ties.

The aqueous a‘]ﬁbﬂ@%%)%hﬂhﬁk&&hfdéﬁbg i"%ﬁg&%@{n@.[ﬁ £ product was

extracted intqQ ethyl acetate @d organic extracts
were washed dichlorophenyl)carbonyl]- 4-( 1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L-

phenylalanine methyl ester as a viscous oil. ES-HRMS m/e caled for CasHasCEN:Os
(M+Na) 541.1065, found 541.1063.
15
d) Preparation of N-{(2,6-dichlorophenyl)carbonyl] -4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-3-methyl-L-phenylalanine
o,
OYN 0 CH,
Ho N
CH,

Ci
C24H23C12N305
Mol. Wt.: 504.36

To a suspension of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
20 5-pyrimidinyl)-3-methyl-L-phenylalanine methyl ester (0.04 mmol, 22 mg) in
ethanol (2 r._nL) was added aqueous 1.0 N sodium hydroxide (0.5 mL) at room
temperature. The mixture was stirred for 2 h at room temperature. The ethanol was
removed under reduced pressure and the residue was diluted with water (10 mL).
The aqueous solution was washed with diethyl ether (20 mL) to remove any neutral



with brine solution (50 nL) and were dried over anhydrous m;?nesi um
sulfate. Filtration of the drying agent and concentration ofJ4ne200d| trate
afforded 20 ng (93%5 yield) of NN [ (2,6-dichlorophenyl)carbonyl ]

-4-(1, 3, 6-Woioma2Ry| - 2, 4-d. i oxo-5- pyrimdinyl)-3-nethyl - L- poprpdoigdal ne as
an anorphous white solid. ES-HRMS nfe calcd for C23H21C12N3C5 [ (M H) +2Na]
548. 0725, found 548.0733. Exanple 27.

N-[ (2, 6-di chl orophenyl ) carbonyl]-4-(1, 3, @-trinethyl -2, 4-di oxo:5- 10

pyri m di nyl)-L-phenyl al ani ne et hyl ester ON .OHCCNO' C1

C ,H2, C12N3Cs Mof. W.: 518.39 To a suspension of N-[

2, 6-di chl e - A , i et A= di -
Er)- pyri Impdi ﬁ; - Emp&h)e%agﬁ%%?%856%1%%&%%&%#%%3%?@%?&%“& ¥4t bonat e
(3.6 m ri ol extxozdigfp ethyl Bivrat¢ @ xnl) midsThedwethinabogihiarerids Getevaished. 29

L) at : . B ] . ' d_f 72 h at
terper at ur o, * o CHEC RGBSR mInd Uit i W03 B GRS riBhesip iBite0 m) and
was ext ract ekiltyation ofthndryingegent end concengation pf the filtrate afforded 20 xig G606 Wer e

hedswi t h | ' d ¢ hyd [
sl fats, FiIToa R a e o A N S BBV e S ST he 11 e rate
gave the cruRigimpidinglicd-nvithd.-pleenylalanitd 25 dn bynesphousaviged soRA. ES?PIIU&HS ageaphy
[ Bi ot 4 ' 50%.,Yi N-
ST 00 20 OLana ACKL, MR O IRAL st887 SRl b logbs) ©f N |
-4-(1,3,6-trinmethyl -2, 4-di oxo-5-pyrimdinyl)-L- phenyl al ani ne ethyl ester

as a crystalgJ | t PIok 262+.265 C - . m | cd for
C5t2E50 2Nf&ﬂﬁmé)ﬁ"é%é.'f%%]??gﬁ}be&ﬁgC%gﬁylbgg?’g%%‘ﬁﬂogg'%%@ 42225
PCT/ EPDO/ 11884imigEiyhxlaphtryldthindethylasat i on of N-[

(2, 6-di cbl or ophenyl ) carbonyl ] -4-(1, 3, 6-trinethyl -

2, 4- di oxo- 5- p&ri rﬁ di Byl ) - L-phenyl al ani ne 2- [(NN-di, ethyl)am no] ethyl

ester Y

N
HC
CH,

(o
CZSHZSCIZN:SOS
Mol. Wt 518.39

To a suspension of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine (0.6 mmol, 300 mg) and sodium bicarbonate (3.6
mmol, 302 mg) in DMF (4 mL) was added iodoethane (3.6 mmol, 0.29 mL) at room

15 temperature. The mixture was stirred for 72 h at room temperature. Then, the
reaction mixture was poured into water (50 mL) and was extracted with ethﬂ acetate
(3 x 20 mL). The combined extracts were washed with brine solution (60 mL) and
were dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration of the filtrate gave the crude product which was purified by silica gel

20 chromatography using a Biotage (40m) column to obtain 155 mg (50% yield) of N-
[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine ethyl ester as a crystalline white solid: mp 262-265 °C. ES-HRMS m/e
caled for CasHasCLN3Os (M+Na) 540.1062, found 540.1049.



Oer N'~", Cf C2gHCENACE Mot. W.: 589.51 A mixture of N
(2, 6-di cbl or ophenyl)carbonyl] -4-(1,3,6-trinethyl -2, 4-di oxo-%Jupe 2004
pyrim dinyl)-L-phenylal anine (320 ng, 0.65 mml), 2-f (NN-diethyl)am no)
ethyl chiWO®E2R3drochl ori de (579 ng, 3-26 nmmol) and pot aBET/AERMZHEBHONAL &
(451 ng, 3.27 mmol) in ethyl acetate (5 nL) and water (5 nL) was at room
ternperature overnight. The |ayers were separated and the aqueous | ayer
was extracted with ethyl acetate. The cgsbined extracts were washed with
- brine, dried over magnesi um sul fate and 10 concentrated to afford

N-[ (2, 6-di chl orophenyl ) carbonyl) -4-(1,3,6-trinethyl-2,4-

di oxo- 5- pyr | Bkanply 23. Prepitatiot cfNpi206 dZhlotdpHingh &l i ester
(190 ngy, 499 Py anor. ph Nz sol i‘gtf Eg?HRpwdéﬁn%@%’gﬂﬁi@o&rﬂ
CHVC12NACB ( 1§°x°5§§’}"}§%‘§?3’ 'i‘:%%‘&b*%é’o[(ww?ﬂwa@mﬂﬁtbﬂ estite aqueous
| ayer afforded regmayered N [(2, 6-dichlorophenyl) 15 7
carbonyl]-4- (b3, -t d nethyl -2, 4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne (167
ng). Exanpl e 29Y Prfparati on '
of N-[(2-chlo g\rﬂ- 5 phenyl ) carbonyl ]-4-(1,3,6 t
ri met hyl - 2, 4-¢ oxb i m dinyl) -L-phenylalanine 2- [ (N, N-diethyl)am no]
ethyl ~ester 4 Jud AD 01/ 42225 86 CH3 0 PCT/ M)/ 11884 . C30H37C{ N405
Mof. W: 569.09 N [ (2-cHl or Q- 6- met hyl phenyl ) carbonyl] -4-
(1,3, 6-trinethyl -2, 4CHiHKO g~ pyT rmidrnyl ) - L- phenyl al ani ne
2-[ (N, N-di et hyl ) am na] etfayl pest er S prepared from N
(2-chl or o- 6- net hyl -@ | Y¥arbonyl ] -4-(1, 3, 6-trinethyl -2, 4-di oxo-5

: Ct-

CaoHa CLN,O,
Mol. Wt.: 589.51

A mixture of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyi-2,4-dioxo-5-

5 pyrimidinyl)-L-phenylalanine (320 mg, 0.65 mmol), 2-{(N,N-diethyl)amino]ethyl
chloride hydrochloride (579 mg, 3.26 mmol) and potassium carbonate (451 mg, 3.27
mmol) in ethyl acetate (5 mL) and water (5 mL) was at room termperature overnight.
The layers were separated and the aqueous layer was extracted with ethyl acetate. The

. combined extracts were washed with brine, dried over magnesium sulfate and
10 concentrated to afford N-[(2,6-dichlorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine 2-[(N,N-diethyl)arnino]ethyl ester (190 mg,
49%) as an amorphous white solid. ES-HRMS m/e calcd for CasHaCLNOs (M+H)
589.1978, found 589.1980.
Acidification of the aqueous layer afforded recovered N- [(2,6-dichlorophenyl)-
15 carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine (167 mg).

Example 29. Preparation of N-{(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 2-{(N,N-diethyl)amino]ethyl
ester



5 pyrimdinyl)-L-phenyl al anine and 2-[ (N, N-di et hyl )am noet hyl chl ori de

hydr ochl ori de. usi ng the general procedure described in exanptdunE2ldd was
obtained as an anorphous white solid. ES-HRMS rile calcd for C33H37ClI N40O5
(MrH)  56WOQ8HE22X ound 569. 2530. 10 Exanpl e 30. Prepar at i GCIEPO0/11854

N-[ (2- chl or o- 6- met hyl phenyl ) car bonyl ]-4-(1, 3, 6-

trimethyl -2, 4-di oxo-5-pyri mdinyl)-L-phenyl al anine ethyl ester CH3 o-~,,,
CH3 0 C26H28CI N305 Mdl. W.: 497.97 N g¢

(2-chl or o- 6- net hyl phenyl ) carbonyl] -4-(1,3,6-trinmethyl-2,4-di oxo- 5-

pyri m di nyl)-L-phenyl al ani ne ethyl ester was prepared from N-[(2-chl oro-6-
15 met hyl phenyl) i bonyl ) -4-(1, 3, 6-trinmethyl -2, 4-di oxo-5-pyrimdinyl)-L
phenyl al ani neoan(ﬁ i ggoet hane using the general procedure described in ‘
exanpl e 27 4 Jmfe F004 WO 01/42225 PCT/ EPQ0/ 11884 87 and was obtai ned as
an armrphousmem e 8 QA ES-HRVS rile calcd for C26H2aCl N3G5 (M+-Na)

520. 1610, fdiafd 520. Exanpl e 31. |

N[ (2, 6-dichl oroﬁmsn ar bonyl ]1-4(1,3,6-trinethyl-2,4-di oxo-5- 5

pyri m di nyl)-L-phenyl al an necg-(4- nmor phol i no) ethyl ester a) Preparation of
N-[ (1, 1- di met hyl et holy HNAT Doty -T2 3, 6-tri met hyl - 2, 4- di oxo-

5-pyri mdinyl)-L-ph | al.amp ne CI—BI\C)NCOI—BCNO%-CM H277N30C6 Moi. W.:
417. 46 0
CH,
CyHgCINLO,
Mol. Wt.: 569.09

N-{(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 2-[(N,N-diethyl)amino]ethyl ester was prepared from
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-

5 pyrimidinyl)-L-phenylalanine and 2-[(N,N-diethyl)aminoethyl chloride
hydrochloride using the general procedure described in example 28 and was obtained
as an amorphous white solid. ES-HRMS m/e calcd for CapH3;CIN,Os (M+H)
569.2525, found 569.2530.

10 Example 30. Preparation of N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine ethyl ester
. CH,
]
OYN O
N
HC

CgH,5CIN,O,
Mol. Wt.: 497.97

N-{(2-chloro-6-methylphenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine ethyl ester was prepared from N-{(2-chloro-6-

15 methylphenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine and iodoethane using the general procedure described in example 27



10 To a suspensi on of

N-[ (1, 1- di et hyl et hoxy) carbonyl ]-4-(1, 3, 6-trinmethyl - 2, 4- di oxbJune 2004
5-pyrirnidinyl)-L-phenyl al ani ne nethyl ester (8.8 mml, 3.79 g) in ethanol
(20 nlL) VWO OHM38 aqueous 1.0 N sodi um hydroxi de (17.57 nkdT/mPooriassn
tenperature. The mxture was stirred for 2 h at roomtenperature. Then,
the mxture was diluted with water (50 m) and the ethanol was renoved
under reduced pressure. The aqueous 15 sgjution was washed with diethyl
ether (100 nL) to renove any neutral inpurities. The aqueous |ayer was
acidified with 1-0 N HO and the product was extracted into ethyl acetate
(2 x 100 M)md%db%ﬁéd@%%ﬂﬁﬂh&;s%fc%ﬁ&%ﬁm 1 £ brine
solution (2 &ﬁt)@ﬁﬁ were dried over anhydrous nagnesium sulfat e-
Filtration d 5 iMENaIR2A 163 dowrshadt54t i on of the filtrate afforded

3-44 94% vyield) of N 20

[(1I9di( ylylet%oxy&carbc I 6-trinmethyl-2,4-di oxo-5-pyrimdinyl)
-L- phenyl aI%ﬂIW@ {W%hﬁnvg‘éﬁibwll-&(léﬁ -taimnethyt- 24 odibxd5 4 or
C21H27KI306 E{ﬁﬁﬂﬁ)n Aﬂg%&%%laﬁlﬁ’é@ 4_414&.;,33]930)8@; ggegpar ation of N~ [ (1,

| - di et hyl ethox)r) "carbonyl] -4-(1,3,6-tr t 4-di oxo-5- 25
pyri m di nyl)-L-phenyl al ani ne 2- (4 nor phol i no) et hyl ester 4 June 2004 WD

01/ 42225 88 reBGRtiBR QBN B NAOY 2 Mol 1l To a
sol ution of Nal?l[_fleBl di et hy et hoxy) a%ﬁﬁyﬁgwwgg tri éq’ﬂy%ég% gd| 0X0- 5-
pyri mi di nyl ) - L2 PRERydayhri-peenylrlapmemyp| |~ 505 and

2- (4- nor phol i no) etdpanol  (2.42 mmol 318 ngy) |n THE (8 xnL) was added

di -i so-propyl E)artm)cﬁ@de (DIC) 5 (1.82 mmol, 0.287 nL) and

4- di net hyl am niﬁﬁ/r I'ne (0.6 ninol, 74 ng) at room tenperature. The
resulting s LM stirred for 72 h. Then, the reaction mxture was
poured into ert ( and was extracted vm'th ethyl acetate (3 x 50 nL).
The conbined extGhe e washed with water (2 x 50 nL) and brine
solution (100 nm.) and wefde rd’é”' ed over anhydrous nmagnesi um sul f ate.

Filtration of the dr>{im1a and
8] OO

C21 H27N305
Mol. Wt.: 417.46

10 To a suspension of N-{(1,1-dimethylethoxy)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine methyl ester (8.8 mmol, 3.79 g) in ethanol (20 mL)
was added aqueous 1.0 N sodium hydroxide (17.57 mL) at room temperature. The
mixture was stirred for 2 h at room temperature. Then, the mixture was diluted with

water (50 ml) and the ethanol was removed under reduced pressure. The agueous

15 solution was washed with diethyl ether (100 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 100 mL}. The combined organic extracts were washed with brine
solution (200 mL) and were dried over anhydrous magnesium sulfate_ Filtration of
the drying agent and concentration of the filtrate afforded 3.44 g (94% yield) of N-

20 [(1,1-dimethylethoxy)carbonyl]-4-( 1,3,6-trimethyl-2,4-dioxo- 5-pyrimidinyl)-L-
phenylalanine as a light brown foam solid. ES-HRMS m/e caled for Cpy H,7N304
(M+Na) 440.1792, found 440.1792.

b) Preparation of N-{(1,1-dimethylethoxy)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5~
25 pyrimidinyl)-L-phenylalanine 2-{4-morpholino)ethyl ester



10 concentration of the filtrate gave the crude product which was purified

by silica gel chromatography using a Biotage (40m colum tdJes2i04 428 ny

(67%yield) of N- [ (1,1-dinethylethoxy)carbonyl]j

-4-(1, 3, 6WO dgey| - 2, 4- di oxo- 5-pyrimdinyl)-L- phenyl al angd®Eroo/11884

2- (4-nor phol i no)ethyl ester as an anorphous white solid. ES-HRVMS mle cal cd

for C27H38N407 (MtNa) 553.2633, found 553.2636 15 c) Preparation of

4-(1, 3,6-trimethyl -2, 4-di oxo-5-pyrixnidigyl)-L-phenyl al ani ne 2-

(4- nor phol i no) et hyl ester hydrochloride salt ?7H3 ON,,-Oy H3C.N O-\N~ 0
-10 C22H31CI NdGs Mol . W.: 466.96 4 June 2004 WD 01142225 PCTI EPOQ 11884

89 5 10 The sol | d;;H

N-[ (1, 1-di et qihoby)car bonyl }-4-(1, 3, 6-trinmethyl -2, 4-di oxo- 5-

pyrimdinyl) - yl al ani ne 2(4- norpholino)ethyl ester (1.6 nml, 0.85 @)

was treate LA rochloric acid in dioxane (16.02 nmol, 4 nL) at

room tenperdtured an solution was stirred for 3 h as a white

preci pitate formédls olids were diluted with diethyl ether, the nother

| i quor was decant ed and t e rcﬁsidue was dried first on the rotary

evaporator and then ' to afford 0.75 g (99%yield) of

4-(1, 3,6-trinethyl - ;!go -5- pyrl}’ I nyl)-L-phenyl al ani ne 2-(4-
mor phol i no) ethyl é&sté& h@drochl ori 8 salt as an anorphous yel | ow soli d.
ES-HRVS We cal cd for OZ22INJONACS (M+H) 431. 2289, found 431. 2292.

Mol. Wt: 530.61

To a solution of N-[(1,1-dimethylethoxy)carbonyl]-4-( 1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-—L—phenylaIanine (1.21 mmol, 505 mg) and 2-(4-morpholino)ethanol
(2.42 mmel, 318 mg) in THF (8 mL) was added di-iso-propylcarbodimide (DIC)

5 (1.82 mmol, 0.287 mL) and 4-dimethylaminopyridine (0.6 mmol, 74 mg) at room
temperature. The resulting solution was stirred for 72 h. Then, the reaction mixture
was poured into water (50 mL) and was extracted with ethyl acetate (3 x 50 mL). The
combined extracts were washed with water (2 x 50 mL) and brine solution (100 ml.)
and were dried over anhydrous magnesium sulfate. Filtration of the drying agent and

10 concentration of the filtrate gave the crude product which was purified by silica gel
chrdmatography using a Biotage (40m) column to obtain 428 mg (67% vield) of N-
[(1,1-dimethylethoxy)carbonyl] -4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine 2-(4-morpholino)ethyl ester as an amorphous white solid. ES-HRMS
m/e caled for Cz7HasN,O7 (M+Na) 553.2633, found 553.2636.

15
c) Preparation of 4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 2-
(4-morpholino)ethyl ester hydrochloride salt
G,
OYN o
HC N
CH,

o)
H~Cl HN TN
o

L_o

Mol. Wt.: 466.96




d) Preparation of ‘

N-[ (2, 6- di cbl or ophenyl ) car bonyl ] -4-(1, 3, 6-tri et hyl - 2, 4- di oxbJune 2004

5- pyri m di nyl)-L-phenyl al ani ne 2-(4-norpholino)ethyl ester CH i s C

C29HCI 2NA MO o225 W :  603. 49 To a suspensi on of PCT/EP00/11884

4- (1, 3,6-trinethyl -2, 4-di oxo-5-pyri mdinyl)-L-phenyl al anine 2- 15

(4-nmor phol i no)ethyl ester hydrochloride salt (0.85 mmol, 399 ng) and 2, 6-

di chl or obenzoyl chloride (0.95 mmol, 0.2@1 g) in dichloronethane (4 ml,)

was added diisopropylethylamne (4.75 nmol, 0.66 nlL) at room tenperature.

After 5 mn, everything went into solution and the clear yellow solution

was stirred fheoKBNL( Al -difR eﬁﬁiga?%pgog A I h 30 _1i-Qht=_br own

sol ution was dil yt glg[(vm.'?ilh ngd_i ch orom?ﬁa4nae1b%’g(§ﬁ%§w[?%em | l(g:hsl or onet hane

| ayer was \A@é’ﬁé’ﬁ‘%&' cepbeydalaning 2(4-mprpheline et ester(1fomm ). 0.85 Hovast) |

saturated seghieawRIHCA RIALEoRC MY iPdioknl (?&%)2 mlﬁ@rd?tB{Lg'}fré&LUt ion (50 ni)
ate.

and was dried over anhydrous magnesium sulTeé ] ration of the drying
agent and c&HERAEEE solutiomwagstineed for Hhas & white precigitate formedi Be: by

silica gel it ' r 427 4
Tune 2008 W 3 a0 SLREISh B Skl The Ui Bho Clrs FRariea hd B Feddaut

N-[ (2, 6- di cHiesAGEhERyPY Ehargtsry eveparator apddhen umder high 2cuumditorffors 0.75 g
pyri ni di nyl Ygdgs \oF 8l (@BigRinterh -2 R GRIRALS DAY 6 % € ) -.,;;vzﬂfm_ .te solid:
np 90-94 C.I E‘é?%%?/s r u(l e calc 5?}0%@%%%2%%4 6))i bﬁﬁ&g@gﬁi .~ found
603. 1782. 5rotBkglne)ahyl esiechydraghilenideselt as an amorphous yellow solid. ES-HRMS
N-[ (2-chl orgﬂ@aat]g&fbytgﬁg ] (
trimethyl -2, 4-di oxo- 5- py?%‘%jsgﬁﬁ??%@l}izpzég’n%}lgﬁlg%lll‘%zegzz (4- nor phol i no) et hyl
esterl0 YH3 H C H35C] N4C6 Mol . W .: 583.07
d} Preparation of N. -[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine 2-(4-morpholino)ethyl ester
CH,
I
Oy N0
A
HC Y

-

cl
CagHzCLN,O;
Mol. Wt.: 603.49

To a suspension of 4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-1-phenylalanine 2-

15 (4-morpholino)ethyl ester hydrochloride salt (0.85 mmol, 399 mg) and 2,6-
dichlorobenzoyl chloride (0.95 mmol, 0.201 g) in dichloromethane (4 ml,) was added
diisopropylethylamine (4.75 mmol, 0.66 mL) at roorn temperature. After 5 min,
everything went into solution and the clear yellow solution was stirred for 48 h at
room temperature. The resulting light brown solution was diluted with

20 dichloromethane (50 mL). The dichloromethane layer was washed successively with
iN hydrochl_oric acid (2 x 50 mL), saturated sodium bicarbonate solution (50 mL),
and brine solution (50 mL) and was 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 (40m) column to afford 0.427



N [ (2-chl oro-6-net hyl phenyl ) carbonyl] -4-(1,3,6-tri.nethyl-2,4-di oxo- 5-
pyri m di nyl)-L-phenyl al ani ne 2-(4-norpholino)ethyl ester vvasﬁ%‘#@p%ﬂ% from
4- 10 (1, 3,6-trimethyl-2,4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne

2- (4- nor pNoD PHERER hyl ester and- 2-cbl oro- 6- et hyl benzoyl cdpEPEa8s3i Ng t he
general procedures described in exanple 31 and was obtained as an '
anor phous white solid. ES-HRMS nfe calcd for C30H35CI Nd0O6 (M+H) 583. 2318,
found 583.2326. 15 Exanple 33. Preparatigy of

N-[ (2, 6-di chl orophenyl ) carbonyl ]-4-(1, 3,6-trinethyl -

2, 4- di oxo-5-pyri m di nyl) - L-phenyl al ani ne 1-(acetoxy)ethyl ester a)

Preparation 5% vield) of N-[(2,6-di 1 -4- tri -2.4-dioxo-5-
N-[(1,1-di maé){?y f’e}.tqhoio) ca[r( bonyl 9rgP??LI}Y3),C%E]?tOP?’1t]e% 191”’65 ﬂ-ealll}g)(z(’fE gl-oxo >

pyr i mi di nyl )pyciopHeihrkiphesyidaning at{gtxg;szw}rehnsy]ettaép@erasa\mn@e Rbid4mp @0/ 42225
EUC-SI-:DEEgIO{) ﬁ]“g@ﬁ% dﬂucﬁz@for CZ9H32@12Q4@6 W‘f)l_&g%, fy&llld 6&!‘.178@03 % To a
N-[ (1, 1-di et hyl et hoxy) carbonyl ]-4-(1, 3, 6-t firnet hyl - 2, 4- di oxo-

5-pyri g di n;@ﬁa-mlp I -0 i3] Qi i carbonate
(5. 03 ol 422 lao?e? #%%%"’%@#ﬁﬁ%%?&%&ﬁ?&%@ﬁnf‘@c@?& (5. 03
mmol , 5 616 trgeth-2bodioxe- Snpimidind)-Liptenyleloined (4 dingAsthgtester ed f or
48 h. Then, it poured into water (50 nL) and was extracted with ethyl
acetate (3 x 50 8. _The conbined extracts were washed with water (2 x 50
m.) and brine #B8n (100 nL) and were dried over anhydrous nagnesium
sul fate. Filtragi of .t he drying agent and concentration of the filtrate
gave the crud€& produ ich was purified by silica gel .10 chromat ography
usi ng a Bi ot age (GHs m to obtain 390 ng (77%vyield) of N [

(1, 1-di net hyl et hoxy) car bdnyl
-4-(1,3,6-trinmethyl -g

=S Pyt Tidi nyl ) -L- phenyl al ani ne
anor phoug, white solid. ES-HRMS mie calcd for
found 526.2143 15 b) Preparation of

1- (acetoxy) et hyl estér g

C25H33N30g ( MtNa) E 160,

4- (1, 3,6-trinmet hyl £2,45di oxo-5-pyrirnidinyl)-L-phenyl al ani ne 1-

CaoHasCIN,O,
Mol. Wt.: 583.07
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
_ pyrimidinyl)-L-phenylalanine 2-(4-morpholino)ethyl ester was prepared from 4-
10 (1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 2-(4-morpholino)ethyl

ester and 2-chloro-6-methylbenzoyl chloride using the general procedures described
in example 31 and was obtained as an amorphous white solid. ES-HRMS m/e calcd

for CsoH3sCIN4JOg (M+H) 583.2318, found 583.2326.

15 Example 33. Preparation of N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-
2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester

a) Preparation of N-{(1,1-dimethylethoxy)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
~ pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester



(acettoxy)ethyl ester hydrochloride salt TH3 ON, O H3C.NY HCI H2N O O
C2DH26CI N306 Mol . W : 439.90 4 June 2004 WD 01/ 42225 PCT/ EPCOYEsW492 The
solid N-[(I,1-dinethyl ethoxy)carbonyl]-4-(1,3,6-trimethyl-2,4-di oxo-5-

pyri m di nyWo or142phenyl al ani ne 1- (acetoxy)ethyl ester (1.4 rowkroof18535 g) -
was treated with 4N hydrochloric acid in dioxane (20 nmol, 5 nL) at room
tenperature and the solution was stirred for 2 h as a white precipitate
was formed. The m xture was 5 diluted wdgih diethyl ether and dish

i oromet hane and the solids were collected by filtration washing with
diethyl ether. After air drying, 0.63 g (99%yield) of 4-(1,3,6-
trimethyl-2,4-di -5-pyrimdi-nyl)-L-phenyl al ani ne 1-(acetoxy) ethyl ester
hydrochl ori degwagy obgai ned as an anor phous gray solid. ES-HRMS rile calcd
for C211H26N3®p (WFH) 404.1816, found 404.1818. 10 . H3C c) Preparation of
N-f (2, 6-di N.ophe carbonyl]-4-(1, 3, 6-trimethyl -2, 4-di oxo-
5-pyriruidi ﬁ’g ¢ al anine 1-(acetoxy) ethyl ester CH3 ONO .N-, O

CasHyaNOg
Mol. Wt.: 503984,

Toa suspensibn of ﬁ-[( 1,1-dimethylethoxy)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine (1.006 mmol, 420 mg) and sodium bicarbonate
(5.03 mmol, 422 mg) in DMF (8 mL) was added 1-chloroethyl acetate (5.03 mmol,

5 616 mg) at room temperature. The reaction mixture was stirred for 48 h. Then, it was
poured into water (50 mL) and was extracted with ethyl acetate (3 x 50 mL). The
combined extracts were washed with water (2 x 50 mL) and brine solution (100 mL)
and were dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration of the filtrate gave the crude product which was purified by silica gel

10 chromatography using a Biotage (40s) column to obtain 390 mg (77% yield) of N-
[(1,1-dimethylethoxy)carbonyl] -4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine 1-(acetoxy)ethyl ester as an amorphous white solid. ES-HRMS m/e
caled for CpsH3sN3O;3 (M+Na) 526.2160, found 526.2143.

15 b) Preparation of 4~( 1,3,6—u'imethy1-2,4-dio.xo-5~pyrimidjnyi);L—phenylalanine 1-
(acetoxy)ethyl ester hydrochloride salt

G,

O N._0
7
PN

CH

Q. .0
— N
Hc.mong/

Mol. Wi.: 433.90



C27H27C6N307 Moi _ W : 576.42 To a suspension of

4-(1,3,6-trinethyl--2, 4-di oxo-5-pyri ndi nyl ) - L- phenyl al ani net 4une;2)04

(acet oxy)ethyl ester hydrochloride salt (0.723 mmol, 399 ng) and 2,6

di chl or obwxasy4222shl ori de (0.8 mml, 0.17 g) in dichl or onetdramereoR198k) was
added diisopropylethylamne (3.2 mmol, 0.45 nlL) at roomtenperature. After
5 mn, everything went into solution and the dear yell ow sol ution was
stirred for 48 h at roomtenperature. Td{ resulting light brown sol ution
was diluted with 20 di chl oronet hane (50 ). The dichl oronet hane | ayer was
washed successively with |IN hydrochloric acid (2 x 50 nlL), saturated

di bi t3: ' f ] 50 d
e ed over - apeANIel i B iethoRyloarh L1 B8 PR I I B) 20t and
concent r at | Byrimfdinyle -Iswngiﬂlarg'a&/ b-(a¢etoxydetbid ester GdinimolhTaStg)wes tyeatedf i ed by

silica gel ' : ' 4 ne. 2004 \\O 0O 2225
PCT/ EPOO/ 1 1@%2@@%%@? acid {hdi %&%@gﬁﬁ&( g?‘%%)?ﬂt ‘é‘ﬁ’dﬁ‘ teggperature and hé
N-[ (2, 6- di cénletierpivenstiryedfobdhys 3 white pra&jitate was formed. The mixture was

2c o e Sou ﬁﬁ'ﬁ#ﬁ%ﬁ%@%ﬁ%&%ﬁ AR ST 07 M)

as a white so
598.1118, filsrztidn Hghing ith dietlathereA Rer aifirgiva; 063 gii9a%h yield) of 4-(1,3,6-

N-[ ( 2- chi or s 64t hyl by -4 (1e3.6-- trimethyl < 2. 4-di 0X0- 5- pyr i
M Efgwﬁen% LR P ABBAN p e hadnde LI i B 470 e
C28HQC! N3O7hydsbchlatgde was@taiteds 4n drBorphbhogray olite EBHRMS mye kaled fdrony | | - 4-
(1,3, 6-tringl pyhe & A1y R4 816, found 404.1818.

10

¢} Preparation of N-[(2,6-dichlorophenyl)carbonyl]-4-(1.3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-1-phenylalanine 1-(acetoxy)ethyl ester

cl
CZ7H27C]2N307
Mol Wt.: 576.42

To a suspension of 4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 1-

15 (acetoxy)ethyl ester hydrochloride salt (0.723 mmol, 399 mg) and 2,6-
dichlorobenzoyl chloride (0.8 mmol, 0.17 g) in dichloromethane (5 mL) was added
diisopropylethylamine (3.2 mmol, 0.45 mL) at room temperature. After 5 min,
everything went into solution and the clear yellow solution was stirred for 48 h at
room temperature. The resulting light brown solution was diluted with

20 dichloromethane (50 mL). The dichloromethane layer was washed successively with
IN hydrochloric acid (2 x 50 mL), saturated sodium bicarbonate solution (50 mL),
and brine solution (50 mL) and was 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)




10 pyrimdinyl)-L- phenyl al ani ne 1-(acetoxy)ethyl ester was pr?pared from
4-(1,3,6- trinethyl-2,4-di oxo-5-pyrim dinyl)-L-phenyl al ani ng* June 2004

1- (acet oxy) et hyl ester and 2- chl oro- 6-net hyl benzoyl chloride using the
general prW©adde2®s described in exanple 33 and was obt ai nedrapocigdy t e
solid: np 84-88C. ES-HRVM5S me calcd for C28H30C N3O7 (M+Na) 578. 1664,
found 578.1665. 15 Exanple 35. Preparation of
L-prolyl-4-(1,3,6-tri.nmethyl-2,4-di oxo-5ggyrimdinyl)-L- phenylal anine a)
Preparati on of

L-[ (1, 1-di met hyl et hoxy) carbonyl ] - prol yl-4-(1,3,6-trinmethyl-2,4- 20

i X0 5 T iy sfor@ DYk RO B o b BRIV 302225

94 PCT/ EP00/ 11881 N-O --
OVe O OVe  CHmeiaxl-2:4-digyo-5-pyrimidigyh-L-phenylalanine 1- @ceaemy)eﬂ:ymsteﬂacw}ﬂé c NO

Suspens on ofdo(h S0 (1R o e o PR RRE? SN SNt ani ne

met hyl ester cwyéraéﬁmm de salt (7 rrm)l 2.57 g), HBTU (8.75 mml, 3.32 g)
and L-5

Example 34. Preparation of N-[(2-chloro-6-methylphenyl)carbonyl}-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalenine 1-(acetoxy)ethy! ester
CH,
]
OYN O
HC™ N
CH,

C,sHaoCIN,O,
Mol. Wt.: 556.01

_ N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-

10 pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethy] ester was prepared from 4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester and 2-
chloro-6-methylbenzoyl chloride using the general procedures described in example
33 and was obtained as a white solid: mp 84-88°C. ES-HRMS /e calcd for

_ CaH3CIN3O7 (M+Na) 578.1664, found 578.1665.
15
Example 35. Preparation of L-prolyl-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine

a) Preparation of L-[(1,1-dimethylethoxy)carbonyl]-prolyl-4-(1,3,6-trimethyl-2,4-
20 dioxo-5-pyrimidinyl)-L-phenylalanine methyl ester



[ (1, 1-di met hyl et hoxy) carbonyl ] -proline (8.75 mmol, 1.88 g) in DVF (28 nl)
was 5 added d isopropyl ethylamine (21 mml, 3.65 nL) at roorft @’f?p@(néture.
After 2 min, everything went into solution and the yellow dear sol ution
was stirre®§s22258 h at roomtenperature. The resul ting dariERDOYESS -
solution was diluted with ethyl acetate (100 nL). The ethyl acetate |ayer
was washed successively with IN hydrochloric acid (2 x 50 nL), saturated
sodi um bi car bonate solution (100 nL), angy brine solution 10 (100 nL) and
was 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 jcolum chromatography using a Bi otage (40rp colum to afford
2.5 g (67% Q4gP of N._O

L-[ (1, 1-di methyllet boxy) carbonyl ] -prolyl-4-(1,3,6-trimet yl/ 2, 4- di oxo- 5-

pyri m di nyl )-L{phdnyl al ani ne nmethy} ester ggg) nor phdu sol i d.
ES-HRME 15 nfe carcdyfor C27HES Oﬁl\/&Nﬁ Ik 76, found N2476. D)

Preparation of OMe N 0 oM
Cthoxy) Ear bonyg Iyl - - PYEFREE | by o Y y °
& YolO HN O- O

L-[ (1, 1- di net hyl et
di oxo- 5- pyri m d¢t ¢ lowle; phenyl al .ani O11~11 N-,,- 0 ON, .,,

N = O NaCH, Et@%ﬁ’?&b 1 ﬁﬁ!&@%@% 500C, 3 h MN C27H 6 C2 HHANAO7
Mol . W.: 528.60 Mbll. Wt.: 514.57 4 June 2004 WO 01/42235 PGT(EPOO/ 11884
95 To a suspension of . Mol Wi 52860

L-T(1, 1-di hyl benykl . - L o-trinet hyl-2, 4- .
di E)io- 5- plyplﬂr% éi %P - Qﬂgﬁgngl):’eg’?’é‘;#{r?géﬂ f%%/-l((ﬂ%’%fg %@T%Phe%’&&% in

et hanol methyl ester hydrochloride salt (7 mmol, 2.57 g), HBTU (8.75 mmol, 3.32 g) and L-
[(1,1-dimethylethoxy)carbonyl}-proline (8.75 mmol, 1.88 g) in DMF (28 mL) was
5 added diisopropylethylamine (21 mmol, 3.65 mL) at room temperature. After 2 min,

everything went into solution and the yellow clear solution was stirred for 48 h at
room temperature. The resuiting dark-brown solution was diluted with ethyl acetate
(100 mL). The ethyl acetate layer was washed successively with 1N hycirochloric acid
(2 x 50 ml), saturated sodium bicarbonate solution (100 mL), and brine solution
10 (100 mL) and was 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 column chromatography using a Biotage (40m) column to afford 2.5 g (67%
yield) of 1-[(1,1-dimethylethoxy)carbonyl]}-prolyl-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine methyl ester as an amorphous white solid. ES-HRMS
15 m/e caled for CyyH3gN;O7 (M+Na) 55 1.2476, found 551.2476.

b) Preparation of L-[(1,1-dimethylethoxy)carbonyl] -prolyl—4-(1,3,6—trimethy1—2,4—-
dioxo-5-pyrimidinyl)-L-phenylalanine

OYI!I 0 OLN_O

N# N~

j\ o . OMe NaOH, EtOH . >L ° . ok
o—”\N 0 45-50°C, 3 h oJ_(N .




(8 nL) was added aqueous 1.0 N sodi um hydroxide (5 nL) at room tenperature.
The m xture was heated to 45-50C and the resulting clear sol 4ty S
stirred for 3 5 h. The ethanol was renoved under reduced pressure and the
resi due wa¥OdiH2ed with water (25 nL). The aqueous sol utPCrEPEEISEShed -
with diethyl ether (50 mL) to renove any neutral inpurities. The aqueous

| ayer was acidified wwth 1.0 N Ha and the product was extracted into ethyl
acetate (2 x 50 M.). The conbi ned organi g5 extracts were washed with brine
solution (50 inL) and were dried over anhydrous 10 magnesi um sul f ate.
Filtration of the drying agent and concentration of the filtrate afforded

640 ng (83%Yoel mp@fsioh-&f(l;t{a;paimmawa,qmsa;npgpaiglL4-?f,9,t>ﬁimﬁeﬁﬂ3&a£’4-6.-
trimethyl-2,4-.di_oxo:5-p |g1 ﬂl nyl )-_L-phen}ﬁ//:ﬁal ani ne as an anorphous white
solid. ES TR P oetinilentsy) (53 mead 0800 mghth 837nd321.
15 P : i 2 : o i dinvl )L
phe(r:lgll aIr :g?:i?inﬁ?n@fba%dﬂ ]ﬁ%nﬁii'g]bé%gxaneh&to%ge_ (ﬁ ﬁéhf@n?t@#rghq%ﬂné :
Mol . W . 5141BemEgyg W@%@'@ d ta/4p-507¢ and thesresulting learsolutipn was stirred for 3
Lo [(1, 3 di MeR Tiieetibasy e otud dadbi obdtlced phelsute Gnd BloTRUEN s Ardil PGS

462 1) Wi 20

pyrirnidi nylel- L- gzhen . al ﬁni ne (0.89 mol, _\Was treate

hydr ochl ori cVales 3 ﬁﬁai &he aguqons splusion vasyyypshed widh diathylpshert (S0emdhdot he
solution wagmavé bheHedtesl ikphritidkh %?ﬁﬁ e cuum
and the residue s}e ?Jlri ed Bﬁlcqjtée} E]iae ﬁ&%gﬁg&rﬁf{gha or ?%rﬁ%m%ge
“which was t rif€ @ %Wt%ﬁa‘aﬁmt@rﬁgﬂtqﬁaﬁ#@, {Hxihyil) eThe combihedompamict ri | e

to obtain 3%uils WRIAMEIHRA DL brihe solution (50 mL) and were dried over anhydrous
10 magnesium sulfate. Filtration of the drying agent and concentration of the filtrate
afforded 640 mg (83% yield) of L-[(1,1-dimethylethoxy}carbonyl]-prolyl-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine as an amorphous white solid.

ES-HRMS m/e caled for CogH3,N,O7 (M+Na) 537.2320, found 537.2321.

15 c) Preparation of L-prolyl-4-(1,3,6-trimethyl-2,4-dioxo-~5-pyrimidinyl)-L-
phenylalanine

I

OYN 0] OYIII 0]

AN N~

: o OH HCl in dioxane

—

>L HN HN" Ny OH

O’JL o t,.3h Hcl H ™
QN;;_/&O Ny No 9
CoeHasN,O H,,CIN

Mol Wit 51457 M W se

The solid L-{(1,1-dimethylethoxy)carbonyl]-prolyl-4-( 1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine (0.89 mmol, 462 mg) was treated with 4N
20 hydrochloric acid in dioxane (16 mmol, 4 mL) at room temperature and the solution
 was stirred for 3 h. Then, the solvent was removed under vacuum and the residue was
dried under high vacuum to afford a crude residue which was triturated with
dichloromethane, diethyl ether and acetonitrile to obtain 395 mg (99% yield) of L-
prolyl-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine hydrochloride




prolyl-4-(1,3,6-trimethyl-2,4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne
hydr ochl ori de 4 June 2004 WO 01/42225 PCTI PPO0/ 11884 96 saltJue
anor phous light yellow solid. ES-HRMS nfe cal cd for C21H26NACGE ( M+H)
415. 1976, WQeiM3d22615. 1976. Exanple 36. N[ (2, 6-difluor ophaciproenissnyl ] -
-4-(1,3,6-trinmethyl -2, 4-di oxo-5- 5 pyrimdinyl)-L-phenyl al ani ne ethyl ester
CH3 0 F C25H2r. F2N3O6 Mot. W.: 485.49 To a suspension
of N-[ (2, 6-di fl uorophenyl)carbonyl ]-4-(1,g 6-trinethyl -2, 4-di oxo- 5-
pyri m di nyl)-L-phenyl al anine (0.743 mol, 340 ng) and sodi um bi car bonat e
(5.94 10 nmmol, 499 ng) in DVF (3.8 nL) was added i odoet hane (5.94 nmol,
0.475 nL) a Stk fier room
tenperaturekahl'ihsg%%(ﬁgn ﬁi??ﬁ%&%?%ﬁ%@@gﬁ% :fc%t(:t ] FA@ M%iﬁnm_) and
was extract é@Wﬁﬁhf%‘nﬂyﬂﬁd%ﬁ ate (3 x 25 nlL). The conbi ned extracts were
washed with brine solution (80 nL) and were dried over anhydrous sodi um
sulfate. Filtration of the dryi P?%ﬁ %ent and concentration 15 of the

i

filtrate gaksample 36{ Nd£(216r®ﬂu@xo beaveanyfot( 1.8 Setrimyetlsyl{2 4 diogots-
chro ogr ag efOl UM to obtain 335 ny (93%yield)
of I\I-m[%z 2, 6- gﬁ?’ caggoo )%}t

-4-(1, 3, 6--tr| rref-:h‘gl -2 4 di oxo-5-pyri mdi nyl)-L- phenyl al ani ne ethyl ester
as a crystall0O j@e solid: np 218-219 C ES-HRMS nie calcd for
025H25F2N305 ( 508. 1654, found 508. 1660. 20 -Exanple 37. Preparation
| )carbonyl | -4-(1,3,6-trinethyl-2,4-

henyl al ani ne 2- [ (N, N-di ethyl)am no] ethyl ester

Na

CZBHZSFZNSOS
Mol. Wt.: 485.49

To a suspension of N-{(2,6-difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
. pyrimidinyl)-L-phenylalanine (0.743 mmol, 340 mg) and sodium bicarbonate (5.94

10 mmol, 499 mg) in DMF (3.8 mL) was added iodoethane (5.94 mmol, 0.475 mL) at
room temperature. The mixture was stirred for 48 h at room temperature. Then, the
reaction mixture was poured into water (100 mL) and was extracted with ethyl acetate
(3 x25 mL). The combined extracts were washed with brine solution (80 ml) and were
dried over anhydrous sodium sulfate. Filtration of the drying agent and concentration

15 of the filtrate gave the crude product which was purified by silica gel chromatography
using a Biotage (40s) column to obtain 335 mg (93% yield) of N-[{2,6-
diﬂuordphenyl)carbonyl] -4-(1,3,6-trimethyl-2 4-dioxo-5-pyrimidinyl)-L-
phenylalanine ethyl ester as a crystalline white solid: mp 218-219 °C. ES-HRMS m/e
calcd for CysHasFaN305 (M+Na) 508.1654, found 508.1660.

20
-Example 37. Preparation of N-[{2,6-difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine 2-[ (N,N-diethyl)amino]ethyl ester



Ca2H34F2N40s Mol . W: 556.61 PCT/EPOO 11884 A mixture of N

[ (2, 6-difluorophenyl)carbonyl]-4-(1,3,6-trinethyl -2, 4-di oxo-%June 2004

pyrim dinyl)-L-phenylalanine (1.0 mmol, 460 ng), 2- [(NN-diethyl)am no]

ethyl 5 c@PL#&2hydrochl oride (8.05 nnDI 1.43 g) and potESHERMIESBIbONat e

(8.05 mol,1.11 g) in ethyl acetate (5 nL) and water (5 nL) was stirred at

roon1ternperature overnight. The layers were separated and the aqueous

| ayer was extracted with ethyl acetate g X 40 nmL). The conbi ned extracts

were washed with brine (50 rnL) and drie over anhydrous sodi um sul f at e.

Filtration of the drying agent and concentration of the 10 filtrate gave

t he crude product Mthh was purified by silica gel chromatography using a

Bi ot age (40m nnoto obtain 426 ng (76%vyield) of NJ[(2,6-

difluorophenyl*téroonyl] 4- (1, 3,6-trinethyl -2, 4-di oxo-5-pyrimdinyl)-L-

phenyl al ani n & diethyl) am no] ethyl ester as an anor phous white

solid. ES- C29H34F2NACb6 ( M+H) 557. 2570, found 557. 2575.

15 Exanpl e 38.

N-[ (2, 6-difluorophenyl)cadbonyl]-4-(1,3,6-trimethyl-2,4-di oxo-5-

pyrim di nyl) - L- phenyFalHifii Ny 1>(ad¥t oxy) et hyl ester 4 June 2004 WO 01/ 42225
B W, O 543. 5§\PCT/ EPOQO 11884 To a suspension of N

r bonyl ] -4-(1, 3,6-trinethyl -2, 4-di oxo-5-

i ne (0 743 mmol, 340 ng) and sodi um bi car bonat e

(5.94 nmmol, 499 ng) qwﬁ 3-0 nmL) was added 1-chioroethyl acetate (5.94

mrol , 0.73 g) 5 at gﬁﬁﬁ %qature The m xture was stirred for 48 h at

room t enper at ure. Then the reaction mixture was poured into water (50 ml)

and was extracted with ethyl acetate (3 x 25 nlL). The conbi ned extracts

vere washed Adifubd b18- [%flk-%ﬂlﬁ?oﬁtﬁgyl%}b(ﬂ{}ﬁ -4Y1.5,6-trimethyl-2,4-dioxo-5-
, pyrimidinyl)-L-phenylalanine (1.0 mmol, 460 mg), 2-[(N,N-diethyl)amino]ethyl
5 chloride hydrochloride (8.05 mmol, 1.43 g) and potassium carbonate (8.05 mmol, 1.11

g) in ethyl acetate (5 mL) and water (5 mL) was stirred at room termperature
overnight. The layers were separated and the aqueous layer was extracted with ethyl
acetate (2 x 40 mL). The combined extracts were washed with brine (50 mL) and dried
over anhydrous sodium sulfate. Filtration of the drying agent and concentration of the

10 filtrate gave the crude product which was purified by silica gel chromatography using a
Biotage (40m) column to obtain 426 mg (76% yield) of N-{(2,6-
difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine 2-[(N,N-diethyl)amino)ethy] ester as an amorphous white solid. ES-

- HRMS my/e caled for CpoHayFN4O5 (M+H) 557.2570, found 557.2575.

15
Example 38. N-[(2,6-difluorophenyl)carbonyi]-4-( 1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester



dried over anhydrous sodiumsulfate. Filtration of the drying agent and
concentration of the filtrate gave the crude product which 'énep%HQ‘Ifi ed by
silica gel chromatography 10 using a Biotage (40n) columm to obtain 265 ny
(66% yi el WO eF42R2y (2, 6 di fl uor ophenyl ) car bonyl ] PCT/EP00/11884 :
-4-(1,3,6-trinethyl -2, 4-di oxo-5-pyri mdinyl)-L- phenyl al ani ne

1- (acet oxy)ethyl ester as an anorphous white solid. ES-HRVS nmle calcd for
C27H27F2N307 (M+Na) 566. 1709, found 5664$710. 15 Bi oassay Exanples Exanple
A. VLA-4 | VCAM1 Screening Assay VLA-4 antagonist activity, defined as
ability to conpete for binding to i mobilized VCAM1, was quantitated
using a solid-ph ag, dual antibody ELISA. VLA-4 ((X451 20 integrin) bound
to VCAM | wasydejectspd by a conplex of anti-integrin 0 1 antibody:

HRP- conj ugat edﬁént “nouse 1gG chronogenic substrate (K-Blue). Initially,
this entail edNcoat ng.96 well plates (Nunc Maxisorp) wth reconbi nant
human VCAM fsc(o 4 @ 100 pd PBS), sealing each plate and then all ow ng
the plates to st@fgd at#aC for "18 hr. The VCAM coated pl ates were
subsequent|ly bl ocked withf 25Q pl of 1% 4 June 2004 WD 01/ 42225

PCT/ EPOO' 11884 99 B$A/ ¥n029 %:gémo’reduce non-speci fic binding. On the day
of assay, all plate onvashedgt w ce W th VCAM Assay Buffer (200 VI/well
of 50 mM Tri s-HCd, mM# Nad, I mM MC12,.0.05% Tween 20; pH 7.4). Test
conpounds were dis in 100% DVSO and then diluted 1:20 in VCAM Assay
Buf fer suppl em&*ntedC 'tg 5 nmg/mL BSA (i.e., final DMSO = 5% . A series of
1: 4 dilutions vvereﬁpoﬁ(zfqﬁg to achieve a concentration range of 0.005 nM
- 1.563 pMfor each™TU %% ound. 100 | per well of each dilution was

added to t HEo vaensiat efN{H{26-difluct spHeayBehrbynl L4f, 3 elinRabis2 e libxls! i ved
VLA-4. Thes |.at e e uenti.al.l 1xed on a platform shaker for 1
T RAED, S SRCIA AL e e 0 e et b 1o
pl /vel | VCANmMSES niy}fis BMF (0OmL) ofas atdeziel -alilorodiyBeetdtdt 29 kiindl10.85b) body
was added 2.8 h mg_l Jaré q.th%g{mrrL in Vcﬂt\?HAtslggy Buffer + | ng/pnL BSA) and
allowed to i NeUbare fore BYes stireq IRE 42 5L FeReT BmRsraturs: Jiemdhpat i on
period, al |lrepitihasixture was poured into water (50 mL) and was extracted with ethyl acetate
(3x25 mL). The combined extracts were washed with brine solution (80 mL) and were
dried over anhydrous sodium sulfate. Filtration of the drying agent and concentration
_ of the filtrate gave the crude product which was purified by silica gel chromatography
10 using a Biotage (40m) column to obtain 265 mg (66% yield) of N-[(2,6-
difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine 1-(acetoxy)ethyl ester as an amorphous white solid. ES-HRMS m/e calcd
for Cp7H7FN307 {M+Na) 566.1709, found 566.1710.

15 Bioassay Examples

Example A,
VLA-4/ VCAM-] Screening Assay

VLA-4 antagonist activity, defined as ability to compete for binding to immobilized
VCAM-I, was quantitated using a solid-phase, dual antibody ELISA. VLA-4 (04B1
20 integrin) bound to VCAM-1 was detected by a complex of anti-integrin $1 antibody:
HRP-conjugated anti-mouse IgG: chromogenic substrate (K-Blue). Initially, this
entailed coating 96 well plates (Nunc Maxisorp) with recombinant hurman VCAM-1
(0.4 pg in 100 i PBS), sealing each plate and then allowing the plates to stand at 4°C
for 718 hr. The VCAM-coated plates were subsequently blocked with 250 il of 1%



were washed four tines with VCAM Assay Buffer (200 pl/well). A

correspondi ng second anti body, HRP-conjugated goat anti - noubsdunagrftdioo pl
per well @1:800 15 dilution in VCAM Assay Buffer + 1 ng/nL BSA), was then
added to #%0B14xR3, followed by a 1 hr incubation at roonr¢ERERNatysr e and
concl uded by three washes (200pl/well) with VCAM Assay Buffer. Col or '
devel opnent was initiated by addition of 100 pl K-Blue per well (15 mn
incubation, roomtenp) and term nated byg addition of 100 pl Red Stop
Buffer per well. Al plates were then read in a UJIVis 20 spectrophot oneter
at 650 nM Results were calculated as % inhibition of total binding (i.e.,

VLA- 4 + VCAMSh/o.029% RaNSs 9&dife %nlsﬁééiﬁ&ﬂmgﬂ Oh thd By sEa4y! A1 R wefoVi ded
in the following Tablel (A=1C0< 1 nM = |1 C50 <10 nl%: abl e 1

Conpound of washadgvisaarith/VEAM AssetBivifari (200 pirn¢l BA Sagadl/ TAAHRE, WA BM 25 4 June
2004 WO 01/ rﬁﬁl‘@ JPNNES d,z_ﬁgl[’q) e -4). | 1
Cel | - Based éc&f%?a’eqm ng sg’ﬁr/gﬁ‘&%&% ’ él#)l' z%%ns:égg{%%flu %&er%lséglr‘rrg&g:ﬂ human
VCS\M 1 (m x100% I?MSG—andrtHeﬂdihgedinmhﬂVCmdA&uy Bﬁﬂ'&(tugﬁreﬁﬁngd%'lqei | culture
medi a by i rmuno I .ni.ty .chr 0g an I nfai.ned in sol ytion
cont aigrjl i ng 5“5?“’;1#& 3 WQ.@@%&‘%%S%@% ?n%wﬁﬁﬂﬂ%%?ﬁ?e m  PMSF,
0. PZ% P 02%4&%&& mdc&ﬁrﬁbﬁk?]ﬂggw}fenbjsm?ﬂbsﬁh M{Ma&ﬁ&esgau@ﬁ asedl 1dor om
Mol ecul ar Probes lng. 10,Met hods: - 4 I nt in nt agonj st
activity, o P‘Fféffhé’g € %1 ﬁ“%ynt“@s &%‘#‘E@Pé}‘%\}? ém-é%tcf plates, foﬂw?-cpbv i

of Ramos cell-derived VLA-4. These plates were sequentially mixed on a platform

shaker for 1 min, incubated for 2 hr at 37°C, and then washed four times with 200

10 pl/well VCAM Assay Buffer. 100 pI of mouse anti-human integrin 1 antibody was
added to each well (0.6 pg/mL in VCAM Assay Buffer + 1 mg/mL BSA) and allowed
to incubate for 1 hr at 37°C. At the conclusion of this incubation period, all plates
were washed 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

15 dilution in VCAM Assay Buffer + 1 mg/mL BSA), was then added to each well,
foliowed by a 1 br incubation at room temperature and concluded by three washes
(200p)/well) with VCAM Assay Buffer. Color development was initiated by addition
of 100 ul K-Blue per well (15 min incubation, room temp) and terminated by
addition of 100 p Red Stop Buffer per well. All plates weré then read in a UV/Vis

20 spectrophotometer at 650 nM. Results were calculated as % inhibition of total
binding (i.e., VLA-4 + VCAM-1 in the absence of test compound). The results are
provided in the following Table I {A = ICsy < 1 nM, B =ICs <10 nM):

Table I

Compound of Example “Activity in VCAM/VLA-4 ELISA Assay
2 A

3 B .

4 A

5 A

25



surface VLA-4 for binding to i mobilized VCAM 1, was quantltlf& |ng a
Ranos 15 VCAM 1 cell adhesi on assay. Ranpbs cells bearing cel e VLA
4, were |abeled wth a fluorescent dye (Cal cein-AM and allowed to bind
VCAM 1 i nWithé/{2225sence or absence of test conpounds. A r edINEP0N1853
fluorescence intensity associated with adherent cells (% inhibition)
reflected conpetitive inhibition of VLA-4 nediated cell adhesion by the
test compound. 20 Initially, this entaijgd coating 96 well plates (Nunc
Maxi sorp) with reconbinant human VCAM1 (100 ng in 100 pl PBS), sealing
each plate and allowing the plates to stand at 4C for 18 hr. The

VCAM coat ed 16§ Were subsequently washed twice wth 0.05% Tween-20 in
PBS, and then ocked for 1hr oom tenperature) with 200 25 | of Bl ocking
Buf fer (1% Rameo(\dadi hV@é%é&ée)l -Based Sereering Assay Pretotdlc bi ndi ng.  Fol | owi ng
the incubatjgie it h Bl ocking Buffer, plates were inverted, blotted and the
remai ni ng buffer aspirated. Each pl ate was then washed vm'th 300 pl PBS,
inverted and the renmaining PBS aspirated. 30 Test conpounds were dissol ved

™ et oo E et Hofln M, Dot s; and PIE Sb AR Y BLd T (4
se/rl es of efl‘gﬁ'té\g Oxcellj P@@W@%Eﬂ@éﬂﬁﬂ@oma@@hpwmammd%?

01/ 42225 P %&.ﬁ@ﬁm 1 nM -
12,500 nM qédgg&g k% eac {Ltlon gf'ﬁg&} %W'\/P%ggt ed "

pl at es, foIPMﬁE B3% D3 %piials %&M@lbgpemo@a@@@l -AM was praichased 1%

"BSAI PBS) gg gﬁ test conmpounds and Ranbs cells were allowed to
i ncubate for 0&%%{%?%‘88% fenperature after which 165 5 pl/well PBS was

added0 Pl ates were inverted to renmove non-adherent cells, blotted and 300
pl /well PB . Plates were again inverted, blotted and the remaining
buffer gentlTy aspirated. 100 pl Lysis Buffer (0.1% SDS in 50 nM TRI S- HC1,

pH 8.5) was added to each well and agitated for 2 min on a rotary shaking

pl atform S vver then read for_ fluorescence intensity on a
Oyt of | uor gﬁﬁ‘{dﬁ%ﬁ aﬂ?@?@l‘ﬁb@‘@é@’r&eﬁﬁﬁ‘ﬁﬁﬂt@ﬂﬁ? campeteitheselt t ati on =

485 nm  em §#EeOVEASSH: Birﬂing 1) ¥@imobilized VCAM-1, was quantitated using a Ramos-

15 VCAM-1 cell adhesion assay. Ramos cells bearing cell-surface VLA-4, were labeled
with a fluorescent dye (Calcein-AM) and allowed to bind VCAM-1 in the presence or
absence of test compounds. A reduction in fluorescence intensity associated with
adherent cells (% inhibition) reflected competitive inhibition of VLA-4 mediated cell
adbesion by the test compound.

20
Initially, this entailed coating 96 well plates (Nunc Maxisorp) with recombinant
human VCAM-1 (100 ng in 100 pl PBS), sealing each plate and allowing the plates to
stand at 4°C for 18 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

25 ul of Blocking Buffer (1% BSA/0.02% thimerosal) to reduce non-specific binding.
Following the incubation with Blocking Buffer, plates were inverted, blotted and the
remaining buffelj aspirated. Each plate was then washed wijth 300 ui PBS, inverted
and the remaining PBS aspirated.

30 Test compounds were dissolved in 100% DMSO and then diluted 1:25 in VCAM Cell
Adhesion Assay Buffer (4 mM CaCl, 4 mM MgCl; in 50 mM TRIS-HC], pH 7.5)
(final DMSO = 4%). A series of eight 1:4 dilutions were performed for each



results are shown in the followi ng Table Il, where (A =1C" < 100, nM B =

| C50 <10000 nM: Table 11 Conpound of ExanpleActivity in VAR Ranos
Cel |l Assay 2A 3A 4A 5B 6A 7A 8A 9A 10A 11A 12A 13A 14B 15A 16A 17A 18A 19A
4 June 2004O0WDHZRRS5 42225 102 PCT/ EPOQ 11884 20A 21A 22A 23ApC1/Broo/11884

101

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 p 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 rodm temperature, after which 165

5 pl/well PBS was added. Plates were inverted to remove non-adherent cells, blotted
and 300 pl/well PBS added. Plates were again inverted, blotted and the remaining
buffer gently aspirated. 100 pul Lysis Buffer (0.1% SDS in 50 mM TRIS-HC], pH 8.5)
was added to each well and agitated for 2 min on a rotary shaking platform. The
plates were then read for fluorescence intensity on a Cytofluor 2300 (Millipore)

10 fluorecence measurement system (excitation = 485 nm, emission = 530 nm). The
results are shown in the following Table IT, where (A =1Cs5 < 100 nM, B = ICs
<10000 nM):

Table I1

Compound of Example Activity in VCAM/VLA-4 Ramos Cell Assay
2 | A

3 A

4 A

5 B

6 A

7 A

8 A

9 A

10 A

11 A

12 A

13 A

14 B -
15 A

16 A

17 A

18 A

19 A




25A 26B 27B 28A 29A 30B 31B 32B 33B 34B 35A Table Il 4 June 2 04 \%ﬂo
01/ 42225 PCT/ EPOQ 11884 103 Exanpl e C Al pha4- Bet a? Assay Pr dt 2 weeks
to one day prior to the assay, Nunc high-binding F96 Maxi sorp i nmuno

pl at es, #WiRdOs2ry #439454, were coated with 25ng/ wel |l (0O.p50eédhigsihdCAM

in a5 volune of 100pllwell. The plates were covered with seal er and
wrapped in saran wap followed by |ncubat|on inthe refrigerator for at
| east 24 hours. The coating buffer &) ed was: 10nM

car bonat e/ bi car bonat e buffer nade up fr 0.8 g/L sodium carbonate and

1.55 g/L sodium bi carbonate adjusted to pH 9.6 with I N HCl. Assay buffers

consi sted WW@@M&&M ng
Buf fer: 19 nfat Dry MIls in PBS |Labeling Buffer: PBS Cell Buffer:|RPM

1640 nmedi up2lno additives) BindinglBuffer: 1T.5mV CaCIZ I5 0. 5nv vhicI 50niv
TRI S- HC1; aﬂ?—N&Gﬂ—d—p—eﬁw—se to—pH 7
23

24

25

26

27

28

25

30

31

32

33

34

35

Table II

I =~1 -~ B =1~ T I ] e I S - I =1 I I - R N




Bring to volunme in H2O Adjust to pH 7.5 Dilation Buffer., 4% DMSO in

Bi nding Buffer 20 Plates were washed 2X with wash buffer and ¥ Wocked
at roomtenperature for at least 1 hour with Bl ocking Buffer. Seal ed

pl at es werWOdaHERs nes bl ocked overnight in the refrigerat pcT/EPbzi18s wer e

t hen washed with PBS and hand blotted dry. Remaining |iquid was aspirated
fromthe wells. Sufficient RPM 8866 cells were renoved from stock for assay
(2 X 106 cells/m x 25 10m I plate x nu of plates) and placed in a
centrifuge tube. The tubes were filled to~ volune with PBS and were spun at
200 x Gfor 8 mnutes. The buffer was poured off and the cells were
resuspended E%%%(_)l( 106/ znl in PBS and"a stock solution of calcein in DVSO
(5mg/ mL) was added at 5p.l/m of cell suspension. The suspensi on was

i ncubat ed f ohlpB@t-Betalifessy Brot8@d C i n dark The cells were then washed with

PBS. The 30 RRow. . resuspe n cell buffer at
a. concent rat'jlaon %Egﬁg%ﬁ%ltﬁyﬁbﬁ%%%ﬁ%niﬁg?ﬁg [P HYRRe 2004
WO 01142225 p6ids, ERDANA dB88489284 wak o edat&diith DSy bl (ﬁ?stgg FANNAYDEEMBH 225 X
first dilution desired in 100% DVSO wer e p?ie%are@d. irst diluti onsz,l for the

standa? d, asvolyens old0pkiwell. CBplatesiwereorered with sealeroandstrappehin sBiandimag

Buf fer, whil Mainkng:sariad. dil utdi o we I ntQ,Dilutio uf fer

(Bi ndi ng Buf@éré g%wwl@f@% r%%@k‘frrflg’f {{iﬁgt %@a"‘ﬁf’m’t‘fi %ﬁgn%gugg‘énpounds
for 5 screersmpoyed vasddmylrarbedateybicarbomitpbufés realeivpi from: FOE/I odiassay,
129W Bi ndi n I L REO first row of | s .an Di|lution
Buf fer was %ﬁ%l&é%@fﬁ?@%rs %%o‘r??%%\%w%@ %adé‘.lsﬁ?‘ftglﬂ\ﬁ%éétma’f f E&%&'corrpound was
pi petted i ntAssaybpfiersrconsisted bfthelfeltbwing:l s, in triplicate. The ‘conpounds were
next ¢4l uted down theypl 3414 1000 => 4-fold dilution). For controls,
100l gq Dilution 10 BUW%E%M’(")@(?S&-}VE%Q)‘Q r{Igere plated into the

nonspeci fi ¢ backgr oundBleeking Buffer:cel 1195 Nofifat Deypailkid)pp3nd NOW Di | uti on

‘Buffer + 100l cells we | ated. i nto e total binding wells (no conmpound
= 100% bi ndi ng). Label %@3‘3@33?39%51{ 2 )@gS cells/m, 100pl/well ( =2 X 105

cells/well) were addedCelbBefierh RIMI 1520thaddiiAgns aadiavaRy. The
: Binding Buffer: 1.5mM CaCl,
15 0.5mM MnCl,
50mM TRIS-HCL; add NaOH dropwise to pH 7.5
Bring to volume in H,O
Adjust to pH 7.5
Dilution Buffer: 4% DMSO in Binding Buffer
20 Plates were washed 2X with wash buffer and then blocked at room temperature for at
least I hour with Blocking Buffer. Sealed plates were sometimes blocked overnight in
the refrigerator. Plates were then washed with PBS and hand blotted dry. Remaining
liquid was aspirated from the wells.
Sufficient RPMI 8866 cells were removed from stock for assay (2 X 10° cells/mi x
25 10ml/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 10 X 10%m! in PBS and_a stock solution of calcein in
DMSO (5mg/mL) was added at 5ul/ml of cell suspension. The suspension was
incubated for 30 minutes at 37° C in dark. The cells were then washed with PBS. The

30 PBS was poured off and the cells resuspended in cell buffer at a concentration of 2 x 10°
cells/m1 for plating in the assay.




pl ates were
t enperature
1501 PBS/ wel

seal ed and i ncubated in the dark for 45 mnutes at room

15 Fol | ow ng incubation, unbound cells were r enfbvdlf %ﬁp“addi ng

| . The plates were inverted, blotted onto paper towels and

washed by wemiky2addi ng 2001 PBS to wells and blotting agactepégimesNi ng -
buffer was carefully aspirated fromthe wells. A final 100l PBS was added

to each wel |

Cyt of l uor 2300 (M I 1lipore) 20 fluorecen

485 nm em ssion = 530 nm. 1C50s of e conmpound were determ ned by

| i near regression analysis. The results are shown in the follow ng table

Shf BB SR AT RS, SRR ol b, 1

| C50 <5, 000 prepargh First dilutivas fhithd 4i6nda2é, a3 3Rl 24 fesd@pidl, Akerd 345198 20B

ill: 4 June
VadCAM RPM

10

15

20

straight Binding Buffer, while the remaining serial dilutions were into Dilution Buffer
(Binding Buffer/4% DMSO). Stock concentrations and dilutions of compounds for
screening were determined by anticipated activity.

For the assay, 129l Binding Buffer was plated into first row of wells and 100pd

Dilution Buffer was plated into remainiﬁg wells. A 5.4 aliquot of each compound was .

pipetted into appropriate, labeled wells, in triplicate. The compounds were next diluted
down the plate (34pl -+ 1004 => 4-fold dilution). For controls, 100! of Dilution
Buffer + 100l Cell Buffer were plated into the nonspecific background wells (no cells,
no compound) and 100l Dilution Buffer + 100pl cells were plated into the total
binding wells (no compound = 100% binding). Labeled cells at 2 X10° cells/ml,
100pl/well ( = 2 X 10° cells/well) were added to each well containing compound. The
plates were sealed and incubated in the dark for 45 minutes at room temperature.
Following incubation, unbound cells were removed by adding 150p1 PBS/well. The
plates were inverted, blotted onto paper towels and washed by gently adding 200ul PBS
to wells and blotting again. Remaining buffer was carefully aspﬁated from the wells. A
final 100yl PBS was added to each well. "

The plates were then read for fluorescence intensity on a Cytofluor 2300 (Millipore)
fluorecence measurement system (excitation = 485 nm, emission = 530 nm). ICsps of

each compound were determined by linear regression analysis. The results are shown

. in the following table III:

The plates were then read for fluorescence intensity on a
measur enent system (excitation



21B 22B 23B 24B 25B 26B 27B Table 1l 4 June 2004 WO 01/42225 106_(Cl ains 1.
A conpound of the fornula I: R3~N R2 OYNYO R5 HN' -CO R 5 74 dung

wherein R is a group of the formula Y-1 Rae PCT/EP00O/ 11884 Y-1 10

wher ei n R3O 8H#2P3 are i ndependent|y hydrogen, |ower al kyRCT/EPONa1SSd| koXy,
cycl oal kyl, aryl, arylalkyl, nitro, cyano, |lower alkylthio,. |ower

al kyl sul finyl, [Iower alkyl sulfonyl, |ower alkanoyl, hal ogen, or

perfl uorol ower al kyl and at | east one ﬁ? R22 and R23 is other than
hydrogen; and R24 is hydrogen, |ower alkyl, |ower al koxy, aryl, nitro,
cyano, |ower alkyl sulfonyl, or halogen; or 15 Rl is a group of the fornula
Y-2, which is a five or six nenbered heteroaronmatic

Compound of | Activity in MadCAM/RPMI Cell Assay
Example (A =1Csp < 100 nM, B = ICsp <10000 nM, C = ICsp <5,000 nM)
6 A _

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
Table II1

W W ) W W o w | o wm o] W w0 b 0w ] o




ring bonded via a carbon atomto the am de carbonyl wherei n€ idoéﬁ ng
contains one, two or three heteroatons selected fromthe gro gu st i ng
of N, O and S and one or two atons of said ring are independently

substi t ut 30 2848335 | ower al kyl, cydoal kyl, hal ogen, cyano, per/Epsoonissl kyl -
or aryl and at |least one of said substituted atons is adjacent to the
carbon atom bonded to the am de carbonyl; or R2 is a group of formula Y-3
which is a 3-7 menbered ring of the formgka: 4 June 2004 WO 01/42225

PCT/ EPOO/ 11884 107 R25 Q Y-3 wherein is lower alkyl, unsubstituted or
fluorine substituted | ower alkenyl, or a group of fornula R26-(CHle , R26

is aryl, heteroaryl, azido, 5 cyano, h@ﬂpggy | oner al koxy, | ower

al koxycar bonyl , | ower al kanoyl, | ower lthio , |ower alkyl sulfonyl,

| ower al kyl sulfinyl, perfluoro | ower al kanoyl, nitro, or R26 is a group
of formul a {NR28RZQm e RYmlb, fiydrogen or  lower alkyl, R29 is
hydrogen, |ower alkyl®, Tower al'koxycarbonyl, |ower al kanoyl, aroyl,
perfluoro | ower al kanoyl am no, |ower al kyl sulfonyl, |ower 10

al kyl am nocar bonpy! , aryl am nocarbonyl; or R28 and R29, taken together wth

the attachedqi tfoggn atom forma 4, 5 or 6-nenbered saturated

het erocyclic Mg optR®@nal | y contai ning one additional heteroatom sel ected

fromO, S, dNNAOALS Qis -(CH2)f O0-, -(CH2)f S-, -(CH2)fN(R27) -,

-(CH2) f -, i st H @- al kyl, aryl, |ower al kanoyl, aroyl or |ower

al koxycar bonyl , 10 Nes | ower al kyl, aryl, |ower al kanoyl, aroyl or |ower

al koxycar bonyl 20 the cajbon atons in the ring are unsubstituted or

substituted by | ower &NKyIC@R; hal ogen, e is an integer fromO to 4, and f

is an integer fromORt/skg; '
5 1

wherein R; is a group of the formula Y-1

Ra2

10 wherein R and R23 are independently hydrogen, lower alkyl, lower alkoxy,
cycloalkyl, aryl, arylalkyl, nitro, cyano, lower alkyltiﬁo, lower alkylsulfinyl,
lower alkyl sulfonyl, lower alkanoyl, halogen, or perfluorolower alkyl and at
least one of R22 and R33 is other than hydrogen; and R24 is hydrogen, lower
alkyl, lower alkoxy, aryl, nitro, cyano, lower alkyl sulfonyl, or halogen; or

15

R, is a 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 S and one or two atoms of said ring are independently substituted

20 by lower alkyl, cycloalkyl, halogen, cyano, perfluoroalkyl, or aryl and at least
one of said substituted atoms is adjacent to the carbon atom bonded to the

amide carbonyl; or

R, is a group of formula Y-3 which is a2 3-7 membered ring of the formula:



25 R2 is hydrogen, |lower alkyl, substituted |ower alkyl, arylalkyl,  or
aryl; R3 is hydrogen, |ower alkyl, substituted |ower alkyl,4éH%€%QQ%yl, or
aryl; R4 is hydrogen, hal ogen, |ower alkyl, substituted |ower alkyl, or
aryl; R5 WOO2®gen, |ower al kyl, chloro, or |ower al koxPCT/RBoG/HS84

hydr qgen, |ower al kyl, |ower alkyl carbonyl oxy | ower al kyl, substituted

| ower 30 al kyl, 4 June 2004 WD 01/42225 108 5 10 15 2. 20 3. 25 4. or R6
is a group of formula P-3: --(CH2)h H - 2)9 14, R34 P-3 PCT/EP00/ 11884
wherein R32 is hydrogen or |ower alkyl; 3 is hydrogen, |lower alkyl, aryl;
R34 is hydrogen or lower alkyl; his an integer fromO to 2; g is an
integer from O to Ziyaghe sumof h and g is 1 to 3;0or or R6 is a group of

formula P-4: R32 -( )n H{CH2}g N P-4 wherein R32, g, and h are as
previ ously define?_,-:@-'r‘s 0, S, -(CH2)j-, or a

Y-3
wherein Rp5 is lower alkyl, unsubstituted or fluorine substituted lower
alkenyl, or a group of formula Bee™(CHae~  Ry¢ s aryl, heteroaryl, azido,

5 cyano, hydroxy, lower alkoxy, lower alkoxycarbonyl, lower alkanoyl, lower
alkylthio , lower alkyl sulfonyl, lower alkyl sulfinyl, perfluoro lower alkanoyl,
nitro, or Ry is 2 group of formula -NR28R29, wherein R28 is hydrogen or
lower alkyl, R29 is hydrogen, lower alkyl, lower alkoxycarbonyl, lower
alkanoyl, aroyl, perfiuoro lower alkanoylamino, lower alkyl sulfonyl, lower

10 alkylaminocarbonyl, arylaminocarbonyl; 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—-Ry,

15 Qis -(CH2)f O-, -(CH2)f S-, -(CH2)f N(R27)-, -(CH2)£,
R27 15 H, lower alkyl, aryl, lower alkanoyl, aroyl or lower alkoxycarbonyi,

. R4q is H, lower alkyl, aryl, lower alkanoyl, aroyl or lower alkoxycarbonyl
20 the carbon atoms 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 0 to 3;

25 R; is hydrogen, lower alkyl, substituted lower alkyl, arylallgyl, or aryl;

R is hydrogen, lower alkyl, substituted lower alkyl, arylalkyl, or aryl;

R4 1s hydrogen, halogen, lower alkyl, substituted lower alkyl, or aryl;

Rs is hydrogen, Iower alkyl, chloro, or lower alkoxy;

Rs is hydrogen, lower alkyl, lower alkylcarbonyloxy lower alkyl, substituted lower
30 alkyl,




group of the formula N-R35; wherein R35 is hydrogen, |ower alkyl, |ower
al kanoyl, | ower al koxycarbonyl; j is O, 1 or 2; or its phar n‘hé‘@lﬁ?%ly
acceptabl e salts. A conpound of claim1l wherein Rz is hydrogen, |ower
al kyl, suwaoorazered | ower al kyl, arylalkyl, or aryl; R3 is pyitpaaisss ower
al kyl, substituted |lower alkyl, arylalkyl, or aryl; and R4 hydrogen, |ower
al kyl,, perfluoro | ower alkyl, or aryl. A conpound of claiml, wherein VP R2
i s hydrogen, |ower alkyl, substituted I%\gr al kyl, or aryl; R3 is hydrogen,
| ower. al kyl, substituted |lower alkyl, o ryl; and R4 hydrogen, hal ogen,
| ower al kyl, substituted |ower alkyl, or aryl. A conpound according to any
one of clainms 1-3, wherein 4 June 2004 WD 01142225 PCT/ EPOO/ 11884 109 R2 is
hydr ogen, |ower al kyl, substituted |ower alkyl or aryl; R3 is hydrogen,
| ower al kyl, subet Riistaggokpoeiformlila\t-3: or aryl; and R4 is hydrogen, |ower
al kyl, perfluoro lower allcyl, or aryl. 5 5. A conpound of any one of
claims 1-4, wherein R4S hydroggn, |ower alkyl, or perfluoro |ower alkyl.
6. A conpound of ~¥he) GHJgiNi ms 1-4, wherein R is a group of the
formula Y-1 wherein and R2Buare independently |ower al kyl or hal ogen;
and R24 is 10 hygrpgen. 7. A conpound of any one of clains 1-4, wherein R2
is a group of the formula Y-1 wherein R22 and R23 are i ndependently
hydrogen or hal ogen; and R24 is |ower al koxy. 15 8. A conpound of any one
of clains 1-4, [ : | " f raul.a Yr 3 ich js,a 3-7
mermber ed ring O}"ﬂﬁh@hpg%pi@&&’@w& k! B iylirSgen, el ali1, aryi

R34 is hydrogen or lower alkyl; h is an integer from 0 to 2; g is an integer from

0 to 2; the sum of h and gis 1 to 3;or

10 or Re is a group of formula P-4:

R
|

~(CHAC—(CHAgN_ f
HOPON AL,

wherein R3), g, and h are as previously defined; Q' is O, S, -(CHz)j—, ora

15 group of the formula N-R35; wherein Rss is bydrogen, lower alkyl, lower
alkanoyl, lower alkoxycarbonyl; j is 0, 1 or 2; or its iaharmaceutically
acceptable salts.

2. A compound of claim 1 wherein
20 R? is hydrogen, lower alkyl, substituted lower alkyl, arylalkyl, or aryl;

R? is hydrogen, lower alkyl, substituted lower alkyl, arylalkyl, or aryl; and
R* hydrogen, lower alkyl, perfluoro lower alkyl, or aryl.

3. A compound of claim 1, wherein a
25 R is hydrogen, lower alkyl, substituted lower alkyl, or ary];
‘ R? is hydrogen, lower alkyl, substituted lower alkyl, or aryl; and
R* hydrogen, halogen, lower alkyl, substituted lower alkyl, or aryl.

4. A compound according to any one of claims 1-3, wherein




20 Y-3 wherein R25 is a group of fornula R26' (CH2)e , wherein R26_is | ower
al koxy, 25 Qis -(CH2) f-, eis an integer fromO to 4, and 4J9e 44 nt eger
fromO to 3. 9. A conmpound of any one of clains 1-4 of the forrmula I: 4

June 2004 woor11242225 PCT/ EPOO 11881 110 0, -N- -,-0 R4 Hpetmbés/fisss 6 _
RI AO wherein R is as defined in claiml;, R2is lower alkyl; 5-R3 is |ower

al kyl; R4 is hydrogen, perfluoro |lower alkyl, or lower alkyl; R5is
hydrogen or |ower alkyl; and R6 is hydr ggn. | ower al kyl, | ower
al kyl car bonyl oxy lower alkyl, or R6 isa group of fornula P-3 as defined

inclaiml 10 or R6 is a group of fornula P-4 as defined in claim1. 10. A

conpound of ;a4 '5]](?] 1SHR e :ﬁ{(,ythe ormula Y-1 22 LA-O R24
Y-1 15 vvhereligrll Fgﬁg%%%g a ’e#%%%ﬁ%&ggg l;%r "uoro | ower al kyl, | ower

al kyl, or Halivkpdrogeantpwre dkylssubgtimtagdawer alkyl, or aryl; and
R, is hydrogen, lower alkyl, perfluoro lower alkyl, or aryl.

5 5. A compound of any one of claims 1-4, wherein Ry is hydrogen, lower alkyl, or
perfluoro lower alkyl.

6. A compound of any one of claims 1-4, wherein R is a group of the formula
Y-1 wherein R22 and R23 are independently lower alkyl or halogen; and R4 is

10 hydrogen.

7. A compound of any one of claims 1-4, wherein R, is a group of the formula
Y-1 wherein R22 and R23 are independently hydrogen or halogen; and R24 is lower

alkoxy.
15
8. A compound of any one of claims 1-4, wherein R, is a group of formula Y-3
which is a 3-7 membered ring of the formula:
R25
Q____._
20 Y-3
wherein Rp5 is 2 group of formula Be6™(CHale~ | wherein Ryg is lower
alkoxy,
25 Qis Q(CI-Iz)f-, e is an integer from 0 to 4, and fis an integer from 0 to 3.
9. A compound of any one of claims 1-4 of the formula I:



11. A compound of claim 10 wherein R2 and R3 are |lower alkyl; R4 |s
hydrogen or |ower alkyl, and R5 and R6 are hydrogen. a 20 % unge %Qﬂ‘?pound
of claim 1l which is selected fromN [ (2,6-dichlorophenyl)carbonyl] -4-
(1,3, 6-trwex o223 4- di oxo- 5- pyrimdinyl)-L-phenylal ani nectapobriiggs2004 WO
01/ 42225 PCT/ EPOO 1188# 111 N- [ (2-brono-6-net hyl phenyl ) carbonyl] -4-
(1,3,6-trinethyl -2, 4-di oxo-5- pyrimdinyl) -L-phenylalanine; N[
(2-chl or o- 6- et hyl phenyl ) car bonyl ] - 4- (1,&06 tr| nmet hyl - 2, 4- di oxo- 5-
pyri m di nyl)-L-phenyl al ani ne; 5
N-[ (2-ethyl - 6- et hyl phenyl) carbonyl]-4-(1, 3, 6-trinmethyl -2, 4- di oxo- 5-
pyri m di nyI )-L- enyI al anine; N [ [2-(2-nethylethyl)-6-nethyl phenyl ]
car bonyl ] trinmethyl-2,4- dioxo-5-pyri.mdinyl)-L-phenylal anine;
N[ (2,6- d| Pﬁn’or%eﬁ@l) carbonyl] -4- (1,3,6-trirnethyl -2, 4--di oxo-5- 10
pyrim di nyl )-Lnphaqaylal anine; N-[ [2-fluoro-6-(tri$uoronethyl)phenyl]
car bonyl ] - 4)H@ , finet hyl - 2, 4- di oxo-5-pyri m di nyl)-L-phenyl al ani ne;
N[ [2,6-di-(2- l%th gt hyl ) phenyl ] carbonyl |
-4-(1,3,6-trinethyl -2, 4-¢li oxo-5- pyrimdinyl)-L-phenylal a.nine; 15
N-[(2-chl oro-6-ethylp y Qcaﬁgbonyl]-4-(l, 3,6-trinmethyl-2,4-d.ioxo-5-
pyrimdinyl) -L- pheﬁ% ani ne;
(2-chl oro-6-propylp nyl‘?carbonyl) 4-(1, 3,6-trinethyl -2, 4-di oxo-5-
pyri m dinyl)-L-phenylalanine; N [ [2-chloro-6-(2-net hyI et hyl ) phenyl ]
carbonyl]-4-(1,3,6-trinethyl-2,4- 20 di oxo-5-pyrimdinyl)-L-phenyl al ani ne;
N-[ (2, 6- di clwhereinfhdnyd defiaed ngthim 4 ( 1, 3- di et hyl - 6- net hyl - 2, 4- di oxo- 5-
pyri m di nylﬁ{ﬁo%‘e?%ﬁl ani ne; or .
5 R; is lower alky};

R, is hydrogen, perflucro lower alkyl, or lower alkyl;

Rs is hydrogen or lower alkyl; and

R¢ is hydrogen, lower alkyl, lower alkylcarbonyloxy lower alkyl,

or Rsis 2 group of formula P-3 as defined in claim 1

10 or R is a group of formula P-4 as defined in claim 1.

10. A compound of claimn 9 wherein R, is a group of the formula Y-1
22
| RN
Ré/ Az
Y-1
15 wherein R2) and R23 are independently perfluoro lower alkyl, lower alkyl, or
halogen; and R4 is hydrogen.

11. A compound of claim 10 wherein R? and R? are lower alkyl; R* is hydrogen or
lower alkyl, and Rs and Rg are hydrogen. -
20
12. A compound of claim 11 which is selected from
N—[(2,6-djchlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4—dioxo—5-
pyrimidinyl)-L-phenylalanine;



N [ (2-chloro-6-nethyl phenyl)carbonyl] -4-(1, 3-diethyl - %‘ﬁ 4- di oxo-
5-pyri mdinyl)-L-phenyl al ani ne. 25 13. A conpound of cl al m 1 %99 I S
selected from N[

(2- chl or o-vé@Hp#2225 phenyl ) car bonyl ] - 4- (1, 3-di net hyl - 2, 4- di ORQTEP00/1188¢

pyri m di nyl)-L-phenyl al anine; N [(2-bronop-6-nethyl phenyl)carbonyl |

-4- (1, 3-di met hyl -2, 4-di oxo-5- 30 pyrim di nyl ) - L- phenyl al ani ne; or N

[ (2- br ono- 5- et hoxyphenyl ) car bonyI ]-4- % 3-di et hyl - 2, 4- di oxo- 5-

pyri midinyl] -L-phenylalanine. 4 June 21(} 4 WD 01/ 42225 PCT/ EPOO 11884 112
14. A corrpound of claim 10 wherein R2 and R3 are lower alkyl; R4 is

hydr ogen or @i w‘gflﬂ%sme%yg% ﬁgﬁ%?ﬁﬁ%‘%ga Gsﬁme%gq%élﬁl 0];(gvger

alkylcarbonyloxy ower a roup of fornula
P-3: - (CH2) pydmidigyliL-pherginlaning N, R34 5 P—3 wherei'n R32 is hydrogen or

2l kol s TS an i ok gEr A RO lpertiGnic é*“‘m Bt SR 89557 e "
of h and g Psmlud:oﬂg -lophagylabging a group of for mula P-4: R32 - (CH2)h H
(CrR) @, & IR T By A A0 SRS S0 %
A conpound wnml@m 4aphinglbaningR6 i s | ower al kyl. 20 16. A conpound of
claim 15 whi ch | SN_[[2-(2-methylethyl)-6-methylphenyl]carbonyl)-4-(1,3,6-trimethyl-2,4-
~ dioxo-5-pyrimidinyl)-L-phenylalanine;
N-{{2,6- dlﬂuor0phenyl)carbonyl]-4 (1,3,6-trimethyl-2,4-dioxo-5-
10 pyrimidinyl)-L-phenylalanine; :
N-[[2-fluoro-6-(trifluoromethyl)phenyl] carbonyl]-4-(1,3,6-trimethyl-2,4-
dioxo-5-pyrimidinyl)-1-phenylalanine;
N-[[2,6-di-(2-methylethyl)phenyljcarbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine;
15 N-{(2~chloro-6-ethylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl}-L-phenylalanine;
N-[(2-chloro-6-propylphenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine;
N-[[2-chloro-6-(2-methylethyl)phenyl] carbonyl]-4-(1,3,6-trimethyl-2,4-
20 dioxo-5-pyrimidinyl)-L-phenylalanine;
N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3-diethyl-6-methyi-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine; or
N-[(2-chloro-6-methylphenyl)carbonyl] -4-(1,3-diethyl-6-methyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine.

25
13. A compound of claim 11 which is selected from
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3- d1methy1 -2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine;
N-[(2-bromo-6-methylphenyl)carbonyl}-4-(1,3- dunethyl -2,4-dioxo-5-
30 pyrimidinyl)-L-phenylalanine; or
N-{(2-bromo-5-methoxyphenyl)carbonyl}-4-[1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl}-L-phenylalanine.



N [ (2,6-dichlorophenyl)carbonyl] -4-(1,3,6-trinethyl-2,4- dJ; xo-25-
pyrim di nyl)-L-phenyl al ani ne ethyl ester; N | une 2004
(2-chl or o- 6- - et hyl phenyl ) carbonyl]-4-(1, 3, 6-tritnethyl -2, 4-di oxo-5-
pyri m di nWQ el4xptsenyl al ani ne ethyl ester; or a 25 N [ (2, fefiebdongsphenyl)
carbonyl] -4-(1,3,6-trimethyl-2,4-dioxo-5- pyrimdinyl)-L-phenylal ani ne
ethyl ester. 17. A conpound of claim 14 wherein R6 is |ower
al kyl car bonyl oxy | ower al kyl 4 June 200fl WO 01/ 42225 PCT/ EP00111884 113 18$.
A compound of claim17 which is N [ (2,]62-di chl or ophenyl ) carbonyl ] -4-
(1,3,6-trimethyl-2,4-di oxo-5- pyrimdinyl)-L-phenylal anine 1- (acetoxy)
et hyl esterj : . n2 3 .
N-[ (2-chl ororg: ﬁ%?ﬁo%%gtﬁﬁnc%)r‘%%eﬁﬁn]g ik PF Freopes Mlﬁlgk?@!%ﬂé?& 55
?32/ r i6m;j_d; Inyl Yower @‘kﬁr b aﬂudmglemhnd Raat bpcwm_tlwweﬁ Sllk?lgargﬁiéylbky Iogver alkyl,

, 6-d1Tlu [ -4~ -trinmethyl -2, 4-di oxo- 5-
- pyrim di nylc?%?%ﬁgh%/fgﬁlg% r?g%ﬁf%?rg]égﬁggy) ethyl ester. 19. A conpound of
claim 14 wherein R6 isRa group{pr the fornula P-3 wherein R32 is 10
hydrogen; R33 andde3f— 'gz(? Sl kyl; his 1; and g is 0. 20. A conpound
of claim19 which is I\HL?((: . 6- ,,chl orophenyl ) car bonyl ]
-4-(1,.3,6-tri rre;é;%l -2,4-di oxo-5- pyrimdinyl)-L-phenyl al ani ne 2-
[(N,I\ﬁdiethyl)a o] ethyl ester; 15 N |
(2-chl or o- 6- net hyl phenyl ) carbonyl ].-4- (1, 3, 6-trinmethyl -2, 4- di oxo- 5-
pyri m dinyl)-L-pheny] al ani ne 2-[ (NN-di et hyl ) am no] et hyl ester; or N
[ (2, 6-di fi uor ophEhsrECee bbhigdw?genm(lqwe,a@cyi lzsm‘stﬂrsﬁogzn.zlowema&yl,sa:yl; :
pyrimdinyl)-L- | 5 [a]]'é,i\l, i ] .et. .ester.. 20 21. A
conmpound of cl a%%ﬁggr}g{éﬁ}%ai S éhgéﬁjg&%k%ﬁ{gl@g%zﬁgﬁg%@g%goﬁn R32 -
i s hydrogen; hi&tod:ghemmaidond gis@ to3or A conpound of claim 21 which is N
[ (2, ggdi chl or ophenyl ) carbonyl]-4-(1, 3,6-trinmethyl -2, 4-di oxo-5- 25
pyrim di nyl)-L-phenyl al ani ne 2-(4-norpholino)ethyl ester; or

Rs 1s 2 group of formula P-4:

Rao
| VAN
—(CH2x—C—(C Halg™ !
H U P-4

15 wherein Rsy, g, and h are as previously defined; Q' is O, S, -(CHz)j-, or a group of the
formula N-R35; wherein Rss is hydrogen. ’

15. A compound of claim 14 wherein Rg is lower alkyl.

20 16. A compound of claim 15 which is
N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine ethyl ester;
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine ethyl ester; or ,
25 N-((2,6-difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine ethyl ester.

17. A compound of claim 14 wherein R is lower alkylcarbonyloxy lower alkyl.




N [ (2-chloro-6-nethyl phenyl) carb onyl ] -4- (1,3,6-tri
met hyl - 2, 4- di oxo-5- pyriinidi nyl)-L-phenyl al ani ne 2- (4- nor phb#§ecd®dhy|
ester. 23. A conmpound of claim 10 wherein R2 and R3 are lower alkyl; R4 is
perfl uor o woewr#22230 al kyl, and R5 and R6 are hydrogen. 24.pd!1mmmqmd of
claim 23 which is 4 June 2004 WO 01/42225 PCT/ EPOQ' 11884 114 N[
| - (2, 6-di chl orophenyl) carbonyl ] -4-(1, 3-dinethyl -2, 4- di 0XO0- 6-
(trifluoronmethyl) -5-pyrimdinyl)- L-pher}%gal ani ne;
[ (2-chl or o- 6- et hyl phenyl ) cartonyl | -4-[ 3-di net hyI 2, 4- di oxo- 6-
(trilluoronmethyl)-5-pyrimdinyl]-L-phenylalanine; or 5 N[
[2f|uor06 tr| thyl enyl,]. carbonyl] -4-(1, 3-di net hy-2, 4-
di oxo-6- ('t r| 1 &org?%{uﬁ@%fc%‘l%g?ivﬂﬁﬂ#’ﬁyl ) - L- phenyl al ani ne. 10 25. A conpound
of claim10 wher @¥4i{Z& divhibréphenybcirbogyl}-al(kgl6-triethyl-hdin@es, RS is | ower
al kyl, and i s -hydro f claim25 which is
N-[ (2-chl or?%nﬁn%‘[n&g Ipﬁﬁﬁvﬂa?"c%’%bﬁ%n? ?%iﬂ?t‘c’ﬁ net hyl - 2, 4- di oxo-5
m I( r2n di gyl %1 3- WENP[‘(I-ChlopMFtylhﬁxlyk]ﬂlbﬂilﬁ)carbon)d] 46(1’362 tn4m§thy1-2 45d101{05 -5-

-dic ar t | OXO-
Py i m% nyl F73: &Pﬁgl}i %ﬁ g’%ﬁﬁ{‘ﬁ% };t?ﬁ% Eﬁ’ f‘yf’ﬁ 6- di chl or ophenyl )
car bonél ] |-4 (1 N-@Glﬁ-dxmmmphleﬁrlljcadbmyﬂ‘é«(m,s tnmethyl—dztl ]g;ox? -5- "
pyrimdiny a | he A conpound of claim?9 erein Ri
is a group Wé‘ P}‘%Y\%%’é‘ﬁ fzacgt%yﬁzwkﬁs Yenbered ring of the fornmula:
R25 Q 25 Y-3 wherein R25 is a group of fornula R2(CHthe , wherein R26 is
| ower

_ 19. A compound of claim 14 wherein R® is a group of the formula P-3 wherein R*is
10 hydrogen; R* and R* are lower alky}; h is 1; and gis 0.

20. A compound of claim 19 which is
N-[(2,6-dichlorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
- pyrimidinyl)-L-phenylalanine 2-[(N,N-diethyl)amino]ethyl ester;
15 N-{(2-chloro-6-methylphenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 2-[{N,N-diethyl}amino]ethyl ester; or
N-{(2,6-difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl}-L-phenylalanine 2-[(N,N-diethylJamino]ethyl ester.

20 21. A compound of claim 14 wherein R® is a group of the formula P-4 wherein R* is
hydrogen; his 1; gis 0;and Q'is O.

22. A compound of claim 21 which is
N-{(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
25 pyrimidinyl)-L-phenylalanine 2-(4-morpholino)ethyl ester; or
N-[(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 2-(4-morpholino)ethyl ester.

23. A compound of claim 10 wherein R® and R’ are lower alkyl; R* is perfluoro lower
30 alkyl, and R’ and R® are hydrogen.

24. A compound of claim 23 which is




ai koxy, Qis -(CH2) f, eis an integer fromO to 4, and f is gn ia@&ger
from0 to 3. 28. A conpound of claim 27 wherein R2 and R3 af e'T% al kyl ,
R4 is hydrogen or |lower alkyl; and R5 and R6 are hydrogen. 30 29. A
conpound WO e1/42228 28 which is 4 June 2004 WO 01/ 42225 PCT/#<pecbassdd 115 -
4- (1, 3-di met hyl -2, 4-di oxo-5-pyrimdinyl)] -N [ [ 1-(2-nethoxyethyl)-

cycl opentyl] carbonyl] -L-phenylal anine; N

[ 1- (2- met hoxyet hyl ) cycl opent yl ] car bonyl ]1144- (1, 3,6-trinethyl -2, 4-di oxo-
5-pyrimdinyl)-L-phenyl al anine; or 5

4- (1, 3-di et hyl -6-net hyl -2, 4-di oxo-5-pyr imdinyl)-N[ [|-(2-

met hoxyet hyl ) cyc | 4. ;carbon 3L- nyl al,ani ne. . A compound of
claim g vvh)e/r )ei % %?gﬂ%g-échg?rg pﬁ%@%&%@ﬁﬁ'éfﬁdﬂaﬂg'zﬁgﬂ?ﬁﬁn ,rrpand R5 and
R6 ar e hydr dgifluordfethyl)-SApyrimpdinyifiLgfheaylalanind) wherein RL is a group of the
formula Y-1. 32. nd of ,cl ai 0,wher el . 1S of the

formul a Y-1wher eiIﬁ\‘Wﬁ%ﬁ'ﬂ%ﬁ&ﬁ?ﬁﬁﬂ@ﬁ&ﬁ%@%ﬁ|:¥ldfﬂlg%B¥al'g%—%;&x%%' hal ogen;
aﬂd ]I324 ils mgiﬂimgme&@-ﬂaﬁyﬁmicﬁ?ﬂléggph&nﬁﬂaﬁkﬁjm 31 vvlherﬁig RlL is-a ﬁr?)up of
t he mul a Y- n are i ndependent dr agepn .or hal ogen;
and RZ4 is | ower Viﬁﬁi%@?f“%’.%nﬁ?&‘ﬂﬁwgp @Yﬂf‘gﬁﬂ{‘gg“}ﬁ&éﬂ? ‘E'fLé a fi vg or
si x nmenber edidxet®(wifinorahethyl) Hopyrimididytliphenyldaninear bon atomto the am de

carbonyl wherein said ring contains one, two or three heteroatons sel ected
fromthe group consisting of N, O and S and one or two atonms of said ring

are i ndepen@gnticpnipobat iof clhienl 10 wheeiER® aldBA are T ek RF is hydadged et is cyano,
perfl uor oal ﬁ% a@% ar#g;ag& at | east one of said substituted atons is
adj acent to {He FBBA R INAEETAed to the am de car bonyl . 25 35. A conpound
of cl#l m 30 wherein Rl is a group of formula Y-3.
26. A compound of claim 25 which is
N-{(2-chloro-6-methylphenyl)carbonyl}-4-(1,3-dimethyl-2,4-dioxo-5-
pyrimidinyl)-3-methyl-L-phenylalanine;
N-[(2,6-dichlorophenyl)carbonyl}-4-(1,3-dimethyl-2,4-dioxo-5-
15 pyrimidinyl}-3-methyl-L-phenylalanine; or
N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-3-methyl-L-phenylalanine.

27. A compound of claim 9 wherein R, is a group of formula Y-3 which is a 3-7
20 membered ring of the formula:
R25
Q—}—

-

Y-3
wherein R25 is a group of formula Re6—{CH2e~ | wherein Rag is lower
atkoxy, Q is -(CH2)f, e is an integer from 0 to 4, and fis an integer from 0 to
25 3. | .

28. A compound of claim 27 wherein R? and R? are lower alkyl, R* is hydrogen or
lower alkyl; and R® and R are hydrogen.

30 29. A compound of claim 28 which is




| 36. A conpound of claim35 wherein Rl is a group of forrrulg V\,herel n
R25 is a group of fornmula %-(CHthe , wherein R26 is |ower ‘I’&?x 040 i s
-(CH2) f-, eis an 30 integer fromO to 4, and f is an integer fromO to
3. 37. A owopvuredsof formula 4 June 2004 WD 01142225 PCT/ BeOEPdirAB% 116 R3
Q,N ,R4 | R5 Il wherein R2-R5 are as defined in claim1l and P1 and PZ
each are a protecting group. 5 38. A conpound according to any of clains
1-36 for use as a nedicanent 39. A phar nia]%eutical conposition conprising a
conpound according to any one of clains 36 or a pharnmaceutically
acceptabl e salt thereof and a phar maceutically 10 acceptable carrier. 40.

A conpound accord t e Ial.ms. LLh th reat ment of
di sease states rredl ?C@mﬁw 23 CB?’FFH d%ﬁﬁﬂq?[)]r% tﬁl

VL;A;]4_ texpr escs;:clnto_genuyk}tdrbon)é]s-bqﬂueaylhlﬁmml thettreat nent of rheumatmd .
arthritis, nultip erosi s ar seas ast hma.

41. The use of a t"e{@ d&n‘&e‘%‘ g%eﬁy%apgergﬁcagﬁ%nygﬁ Egb’égﬁ’%"“iﬁgﬂ‘a:’g‘g -dipxo-

phar maceut i ciapjymidingppt plidnglalsaide; bher eof , for the preparation of a

medi cagent for th eat t at.es d, by the binding of
VCAM | ggr VLA- 4 o? (%/1? & Eegéﬂ%ﬂrég?quio Sp g“ﬂ@ﬂ r’it[ﬁy(% n the treatnent

of rheumat0|xdethoxj'ath)tl)cgcloptﬂtylﬂqaﬂmrgﬂ:]l-mphsn}ﬁalanmu anmmat ory bowel disease
and asthma. 42. A process for the preparation of a pharmaceuti cal

conposi tion which process conprises bringing a conpound according to any
one of cl ai réd. 1- %;ompom&sfdﬁmmwhmmwmﬁmw@alk@i grd R, ishereof , and a
conpati bl e pﬂ]%rmaceutdﬁ

ogeil, an

are ﬁydrogen.
10
31. A compound of claim 30 wherein R; is a group of the formula Y-1.

32. A compound of claim 30 wherein R, is a group of the formula Y-1wherein
R22 and Rp3 are independently lower alkyl or halogen; and R4 is hydrogen.

15
33. A compound of claim 31 wherein R; is a group of the formula Y-1 wherein
R22 and R23 are independently hydrogen or halogen; and Ry4 is lower alkoxy.

34. . A compound of claim 30 wherein R, is a five or six membered heteroaromatic
20 ring bonded via a carbon atom to the amide carbonyl wherein said Ting contains one,
two or three heteroatoms selected from the group consisting of N, O and § and one
or two atoms of said ring are independently substituted by lower alkyl, cycloalkyl,
halogen, cyano, perfluoroalkyl, or aryl and at least one of said substituted atoms is
adjacent to the carbon atom bonded to the amide carbonyl.
25
35. A compound of claim 30 wherein R; is a group of formula Y-3,

36. A compound of claim 35 wherein R is a group of formula Y-3 wherein Ro5isa

group of formula Res—(CHe~ | wherein Rog is lower alkoxy, Q is -(CH2)f, eisan
30 integer from 0 to 4, and f is an integer from 0 to 3.

37. A compound of formula



into a gal enical adm nistration form4 June 2004 WD 01142225 PCT/ EPOQY 11884
117 43. The use of a compound according to any one of clai ms4\iu®62 Mr a

phar ma- waubi/£ald y acceptable salt thereof, in the preparféhg*go ?‘

medi canent for the treatment of rheumatoid arthritis e ‘sclerosis,

i nfl ammatory bowel disease and asthma 5 44. The invention substantlal ly as
her ei nbef ore descri bed, especially with reference to the new conpounds,

i nt er medi at es, pharmaceuti cal conpositiléﬁs and uses thereof. 10

R3
Oy N._ R4
YU w
o
o)
H
HN O‘Pz
I
P, O.

wherein R*R’ are as defined in claim 1 and P; and P, each are a protecting group.
38. A compound according to any of claims 1-36 for use as a medicament.

39. A pharmaceutical composition comprising a cémpot‘md according to any one of
claims 1-36 or a pharmaceutically acceptable salt thereof, and a pharmaceuumlly
10 acceptable carrier.

40. A compound according to any one of claims 1-36 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 theumnatoid arthritis, multiple sclerosis,

15 inflammatory bowel disease and asthma.

41. The use of a compound according to any one of claims 1-36 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, _
20 especially in the treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel .

disease and asthma.

42. A process for the preparation of a pharmaéeuﬁal composition which process
comprises bringing a compound according to any one of claims 1-36, or a

25 . pharmaceutically acceptable salt thereof, and a compatible pharmaceutical carrier
into a galenical administration form.
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117

43. The use of a compound according to any one of claims 1-36, or a pharma-
ceutically acceptable salt thereof, in the preparation of 2 medicament for the
treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease and
asthma. ' ‘

44. The invention substantially as hereinbefore described, especially with reference to

the new compounds, intermediates, pharmaceutical compositions and uses thereof,

42





