Title: 4- PYRII M DI NYL- N- ACYL- L- PHENYLALANI NES [err]
Abstract: Counpounds of Formula (1) are disclosed, wherein Rft&ERG 204 Rl err]

are as defined in specification and which are inhibitors

bet ween VCAM 1 and cell s expressin
(reating GPARIERNATIONAL ArPLIC IO PUR

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

of bi ndi ng
VLA-4, and accordi nglll are useful for.
[FHED UNDER THE PATENT COO TION TREATY (PCT) :

| AL R

(10} International Pablication Number

WO 01/42225 A2

14 June 2001 (14.06.2601)
(51) International Patent Classification”  CO07D 239/06,
AG1K 31/505, AG1P 1/04, 19/02
(21) Internationzl Application Nomber: PCT/EP00/11884
(22) International Filing Date: )
28 November 2000 (28.11.2000)
{25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/169,089 6 December 1999 (06.12.1999) US

{71) Applicaat: K. HOFFMANN-LA ROCHE AG [CH/CH];
124 Grenzachesstrasse, CH-4070 Basle (CH).

(72) Inventors: SIDDURI, Achyutharao; 22 Washington
Court, Livingston, NJ 07039 (US). TILLEY, Jefferson,
Wright; 19 Evergreen Drive, North Caldwell, NJ 07006
(Us).

{74) Agent: LOESCHNER, Thomas; 124 Grenzachersirasse,
CH-4070 Basel (CH). :

{81) Designated States (national): AE, AL, AM, AT, AU, AZ,
BA,BB,BG, BR,BY, CA, CH, CN, CU, CZ,DE, DK, EE,
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,, IN, IS, IP,
KE, KG, KP, KR, KZ,LC, LK, LR, LS, LT, LU, LV, M4,
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, SE, 8G, 81, 8K, SL, TI, T™, TR, TT, UA, UG, UZ,

(84) Designated States (regionalj: ARIPO patent (GH, GM,
KE, 1S, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, T3, TM), European
patent (AT, BE, CH, CY, DE, DX, ES, F1, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
—  Without international search report and to be republished
upon receipt of that report.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazelte.

O O O

1

O }32
> Yy s
- R3,N =
o R4
N
-+ HN
= R
=]

(54) Title: 4-PYRIMIDINYL-N-ACYL-L-PHENYLALANINES

O

CO,R,

0

o {57) Abstract: Coumpounds of Formula () are disclosed, wherein R to RS are as defined in specification and which are inhibitors
of binding between VCAM-1 and cells expressing VLA4, and accordingly are useful for treating diseases whose symptoms and or
damage are related to the binding of VCAM-1 to cells expressing VLA-4.




damage are related to the binding of VCAM1 to cells expressing VLA-4. 4
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4- PYRI M DLNYL- N- ACYL- L- PHENYLALANI NES Vascul ar cel |l adhesion nol ecul e-i
(VCAM 1), WO REHBEE of the 5 i nmunogl obulin (1g) supergene FGhfR4)/11534 _
expressed on activated, but not resting, endothelium The integrin VLA-4
(AH401); which is expressed on many cell types including circulating

| ynphocyt es, eosinophils, basophils, and nonocytes, but not neutrophils,
is the principal receptor for VCAM 1. Ant| bodies to VCAM1 or VLA-4 can

bl ock the adhesion of these nononucle | eukocytes, as well as nel anoma
cells, 10 to activated endotheliumin V|tro Antibodies to either protein
have been effective at # sy I LkoC te 0t L g and preventing
ti ssue damage in sever Htre % Ant i - VLA- 4

nonocl onal antibodi es have been shown to block T--cel | en gration in
adj uvant - i nduced I td S revent eosi ' acc t| on and
bronchoconstri cti “I] ﬂjo?ijéI Oﬁfn(gg‘:t“ﬁeﬁi ‘@W‘I’ea ulb"é Msis 15 and

i nhi bigt rmnmmmﬁoglaﬁuihy(rr@rmytgem faimilyt is akprefted 6n axtpatddybat Bt radting] Mune

encephaliti's (EAE). Anti-VCAM. 1 nonocl| onal antibodi es have been shown to
prol ong the%‘iﬂ'—bﬂ\ﬂsﬁm Thevategrin Mt deufh): mha??@feﬂ%t@%mw@%%ave

non- obese. albenecRblsmdyinehdies SRR w0 R PR BIRR' T (D

cotton-top autmphnls,rmtlelpmnhpabiec&ptsr for VOADS- 120m‘mboﬂi&eto Hé?atM-slImMAt dat VCAM
S expresse(‘::Ian O&tgl I {O%I I I s Oofonu arzimi(dcﬁol gl)sn‘I‘jr sue in qa

TNB/ et hanol ? n%(?r heRer areeage SIPFSQ?R%F% bgy
1999,1116, 8 7de ﬁﬁsated EMmhelnmmpouﬁdsAmhbad:eSI ta Iaitbartprbtteén have deare tffativdat ween

al - cont ai ni 5 and V 1 w.ll .be wseful. as t erapeuti c agents
For Ctne t r e Bifipe skt AR p Vel bre idle 88 et in ROt BRBRT of o
arthritis (BAyels mﬁirtﬂapinmtmnl em-(msVIsA -4 vBoclasl imtihodissdavabieanhaorty bovel

gl 35?}:62854 II?%H%O ognd a ﬁgg{ (Farlrhmtis,rlgree‘r}(tmt%gsggpﬁve this effect.

accurnulation and bronchoconstriction in models of asthma, and reduce paralysis

15 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

20 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
25 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.



2 As used in this specification, the term "hal ogen" nmeans any of the four
hal ogens, bromine, chlorine, fluorine, and iodine unless i nd%éﬂ@%@om
otherwi se_ Preferred hal ogens are bronine, fluorine, and chlorine. 5 The
term "1 owO W43 3l one or in conbination, means a straiRfHEROAAIEH o
branched-chai n al kyl group containing a maxi mum of six carbon atons, such
as nethyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl, +sobutyl,
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, aryloxy,
aryl, hydroxy, hasgersin thiy spesificaom thetermx balogmeaamam@me durwer
aIkyIthlo I and nmono or

di | ower al b%wg%ﬁiq}r%%né%fohﬂx f s\t%%sntdﬁlt)%%ﬁlé ﬁ]‘%{\igrm%l egqﬁ%gr oups i ncl ude

2- hydr oxyl ePrﬁ,&rre@alqgn@gr@an;yme, yeninerendshilorihd 2- ni tropropyl. The term
"perfluoro | ower alkyl" for purposes of R4, R22 or R23 neans a substituted
| ower al kyl group as defined above which is a nethyl or ethyl group where
all of the hydr o%bﬂterm éomlaﬂwltabad%yldokrdmanommanus&dlglnrdmmmw and 20

fl h
Proma to 10 tarisra pEp B PRl EPO B e R R 1

adj acent camsﬁryla:ﬂq’ﬂrm pﬂ:!'pyh’iseptcmyhm Tyl sabhkyl, isebedyl stestrbusylsoipsntyt,ut-ed or
substi tut edy é?, A’ﬁ] rrber ed carbacyclic ring. Substituents useful in

accordance w }1 e present I nvention are hydroxy, hal ogen, cyano, | ower
al koxy, |ower al kanoyl, lower alkyl, aroyl, |ower alkylthio, |ower alkyl

sul fisayl, | ower S |y FF %@?] ubst i,tut ed am no. 30
The tlébr m " | ower g“%ﬁ%)&?} gﬁ‘%ﬁﬁ&%“%%%ﬂﬁ%ﬁ%ﬁ%ﬁ Eaatedl g?ﬁh al koxy
group cont aabwivagrhichnmsibstimtat bsone manbmrgrmlpmelﬁctsdmidepmdmﬂyﬁaom et hoxy, n-
pr opoxy, ent - but and the e. Jun 00
01/ 42205 PW%&%@ Er}f&g)( Xryl thydroxy,"ha?&%.n cyano,lfow 0xy410wer§lkan f'

lower alkylthio, lower alkyl sulfinyl, lower alkyl sulfonyl, amino and mono or dilower

alkyl amino. Examples of substituted lower alkyl groups include 2-hydroxylethyl, 3-

15 oxobutyl, cyanomethyl, and 2-nitropropyl.

-d.n_

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.



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 J4N¢r8e¢d|

nmer capt o | sopropyl mercapto group. The term "l ower alkylsulfinyl"
nmeans a Ig(ﬂe‘?ﬂﬁpﬁyl group 5 as defined above bound to thek POSA 183 o

nmol 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 unsubstituted or substituted by conventional substituent
groups. Preferred substituents are | ower al kyl, |ower alkoxy, hydroxy

| ower al kyl, hyd ® ' r

al kyl sul finyl, | Sstem, EBEFB;UAF %Soﬂunyéjl “@5%&%%%%8?#’%%?%%%8“

al kanoyl , af-hgmde@eﬂ@/thrwwﬂh@m&nr atoky fiyrl examgle, awethyl Snerckso oy ani no.
Exanpl es of ; | Yeletn | { [ ' .avention
are phenyl , ‘%W‘%Y‘gff‘ % ﬁ%x%etgﬁ?%%%%?‘%o %n%%?ﬁsnﬁv!r?%rr %%P%Hlé%yl ,

m net Byl t hi apdl@nyti/ab@ebenh@to&eméatnéﬂieenqlbquleﬂﬁenghj&lhemmi;nthe napht hyl
and the i e N | n I r.al kyl agro as

her ei nbef orglﬁgneﬁgrnog%'i ngrt%/&ﬂ 'g{’]%%)ne OFUIfrr%n gqﬁﬁagxggg%ﬁergﬁgﬁérq%%ﬁg Epl aced
by an aryl ebovkbvendtortht rest ofghe amledvds throughethe ndflir afory i drevasbfohyinal  ar al kyl
maybe usedny}}l]lgccordance'with this invention, such as benzyl and the |ike.

25 The ter teroaryl"” nmeans an unsubstituted or substituted 5- or 6-
menber ed nonocyclic hetereoaromatic ring or a 9- or 10-nenbered bicyclic

het er,goar omat i ¢ 4 Q@ i ni 2.3 QL het er.eoat ons ich ar
oerodent Ty, TREGRRONYE ALl o mmofe- e iorle BT Rpll s Thei
benzi m dazohaphthyhdeliich is unsalstinabdor substifpiretisy conseastivnabdubsttuentgenps.i ne and
the |ike. bsti t,ue as_ defined aboxke fqr Jtaryl" ane,incjuded in the
definiti onsg’f'& rreefi 5?@%}%%11% %egol}‘rr% %giowﬁﬁ%égwéﬁwﬁ%lﬁ@gam The term
"l ower ai kokydraryatuoyy, halvgem dowerl alivydthics idweer alkgtsalfimyh tovete dlitydsul fogyl,
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.



rest of the nolecule via a carbonyl group. Exanples of al koxycar bo 6/

groups are ethoxycarbonyl and the like. 5 The term "l ower 4June 2004
alkylcarbogzloxy nmeans a | ower al kyl carbonyl oxy group bonded to the rest
of the %% a an oxygen atom for exanpl e an acet oxyPQj‘?’%’iﬂ?“ 88fhe term
"acyl oxy" has the same neaning. The term "lower al kanoyl" means a |ower

al kyl group bonded to the rest of 10 the nolecule via a carbonyl group and
enbraces in the sense of the foreg0| ng de&finition groups such as acetyl,
propi onyl and the I|ke The term "perfluoro | ower al kanoyl" neans a
perfluoro | ower aIk roup a substituted | ower al kyl group where all of
the hydrogens arbd HQwgr Owcarqu’i ome@sefl@wqmﬂsow:gmunhmhdttnyhe or
penta- flu %ﬁﬁ% E{au{: nyl

group. 15 %egeﬁ{fggém’)nggeﬁiﬁrg‘}%&f% I al kanoyl“am no” %ﬁ’%ﬁﬂfﬁ‘% ?’?3%?0 | ower
al kanoyl W%&Wdh@h@-rest of .the.nol ecul e via an ami no group. The
term "l ower alkyl carbonyl am no" neans |ower. al kyl carbonyl groups 20 bonded
to the rest of the nolecule via a nltrogen atom such as acetylam no. The

term Power al kyl s tisomalayiens plkylcatbpnglowy paxwauywwkyi@r@mhperg@myed to t he
rest of thgoel &8 HefeMtiotui HiakEA r&g%n el ny

nmeans aryl g ups“bonee to aneamgﬁgagro %%ﬁffl??t 1erﬁlgonggg(:rl&gggrr Hg rest
of the nol terng | acyloxya hpothe sange owepninghe term "aroyl " means a nono-
bicyclic aryl or heteroaryl group bonded to the rest of the nolecul e VI a a

carbonyl group. Exanples of aroyl groups are benzoyl, 3-cyanobenzoyl,
2- napht hoyl , ni ckhe taow|lowed alkaroylT keeans30owedalkg gﬁﬁlﬁﬂbdtﬁe& 1¢ &122'25 of

PCT/ 85007 BB hcReHIARBERA AT ARFERANL T Bl AR A BeBllratiion |1 Che
cheni cal naieﬁnmoofgrohps schpsanstyl, prEmanﬂlaadtbéhkﬂwﬂfhmaaufpec&ldry laweept abl e
Soeh as s odBabft: GRAROL BB FloMek Al IR cuBerflud1 Sy 16 ERIGWHRE 2! ©

such as so m cal
all of the hydrooens are substituted by fluoro, preferably trifiucromethyl or penta-

fluoroethyl) bonded to the rest of the molecule via a carbonyl group.
15
The term perfluoro lower alkanoylamino" 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



am nes or basic am no acids, ammonium or al kyl anmoni um sal ts. Partlcularly
desirable salts for conpounds of this invention are sodlun1sﬁp¥%? Qﬂb. from
t he aci dj und where Rb is H Tie sodiumsalt of a this
inventioﬁﬁ?§ﬁ§g§$ly obt ai ned fromthe acid by treatnentn%Fﬁﬁ#@W@%

hydr oxi de. For basic conpounds, 10 exanples are salts of inorganic or
organi ¢ acids such as hydrochloric, hydrobrom c, sulphuric, nitric,
phosphoric, citric, formc, fumaric, maPei c, acetic, succinic, tartaric,

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

I nvent.ion relates to a conmpound of the 15 fornmula I: RZ ONYOR5 Y R3"Nle
R4 HN' -CO 2R6 R1O and the pharmaceutically acceptable salts thereof In

- accordance wit hphmndceu&ﬁny Bblelsﬁt@ugmwknefwﬁm%e%%n&én%% rHaQ{%C“ bed
bel ow. ZOEI is Y-1 %Il%#cé t he formul a: 2 wherein: R22 and R23 are
Y € ?lﬂag

i ndependenPY PTYGatioRM 5 1P acqoypisthe &hk‘@é@l natyrelof dhegampayng |
aryl al kyl , ERirhples ofphafmadeayiBillydlckopitli Qits i?di“é{@fd:@édﬁi{ﬁogiﬁkdg faf%drl]kdah' rﬂ&ﬁreaa' kyl

sul fonyl, | ower al kanoyl, halogen or perfl uorol owner st one
of RB2 andowalialing earb metilsushyea sodismppyiession, eldun, megrsam.dascher t han

hydr ogen, @:ﬁﬂmRaflbés& sﬂﬁﬁB%ﬁE a:ﬁ:%ﬁfun%#&tllg\yl a*:gﬂ&hga.l Jsﬁfyparﬁ{:éakﬂ nitro,

cyano, |ower alky sul fonyl, | ogen ive or sl x menbered
het er oar onggsitable salts fpoenmeppunds oﬁﬂeamm@ a5t eodivm selis egnfrdm tharbidivy |

wher ei N saldgnpdudl Rt R 33 OPFe sddiimQbit bR FA RSB A on is easily
obtained from the acid by treatment with sodium hydroxide. For basic compounds,
10 examples are salts of inorganic or organic acids such as hydrochloric, hydrobromic,
sulphuric, nitric, phosphoric, citric, for_miq_,. fuman'c, maleic, acetic, succinic, tartaric,

methanesulfonic, and p-toluenesulfonic acid. -

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

RZ
Os N0
YR
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




selected fromthe group consisting of N, O and S and one or two atons of
said ring are independently substituted by |lower alkyl, cycfdap&gpo4

hal ogen, cyano, perfluoroai kyl, or aryl and at |east one of said

substit ut W@ WHS i's adjacent to the carbon atom bonded tRSHFRIVAMSH
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 RRCG(®@H2)e ,R26 is aryl, heteroaryl,

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

| ower al kankgplis othier than hydropes and Ras gyrhydyogeh, lowemnalky, lowbiRiR&R9 aryhher ei n R28
S hydrogeni r | ower %I k&&ﬂ @?9%5 lsl%ld‘ryo en, lower alkyl, |ower
al koxycar bo’hylofcylaf}%el? & KNSy oMY Lh ,Ob?fgrfl uoro | ower al kanoyl ani no, | ower

al kyl 20 sul fonyl, lower alkyl anmi nocarbonyl, aryl anni nocarbonyl, or R28 and
R29, taken togetihe i th the attached nitrogen. ato forma 4, 5 or
tey 2 ehibepsih AfothRe

6- menmber ed sat ur REVEPHLE BIFEErS t%{ﬁ?@%?ﬁ&\w &F M

a?di t ? ?nal dieeo tad smid:eehnbahﬁdwﬂem?sﬂd Ting coaﬁﬂasl\d,lneﬂm or@I;{(&Ihefe%ﬂlbﬁms I0- ,

- (CH2 S, o+ (CH2) AINCR27) -, - (CH2)f - 7,i,s H lower alkyl, aryl, |ower
al kanoyl! , g%:%ﬁedgx)ronr gﬁﬁrglgf %ﬁ%ﬁﬁﬂﬂﬁnﬁﬁ&ﬂ@nﬁwwnmfw ongy| , 25

| oner al kgm@gindepfﬁ&&hﬂpﬁuﬂsﬁwdl@&dlbgwiﬂhflb@awlajéq{, h@log%{, l@ﬁﬁlo@t oms in the ring
"t eger ' SIFBREGAT o ! andaL st aRk oE s SERBIH S Homs s #aeeBt iflFogen or

| ower al kylcartsonbgbdintbended toxhe bmedecatboryt, Y| al kyl, or aryl; 30 R3 is hydrogen

or | r alkyl, substituted | ower alkyl, arylalkyl, or aryl; 4 June 2004 WO
01/ 42223 PCT/ EPOQ 11884 7 R4 is-hydrogen, hal ogen, |ower al kyl, substituted

lower al kyl (sudllig¥-3, per7 indmberell @idlof HefBhuladr aryl ;
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;




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

| oner al kyl, |ower alkyl carbonyl oxy | ower al kyl, substitutedJui04al kyl ,
or R6 is p. of formula P-3: sz -{CH2)h H 33 -(CH2)g- 4 p 3 10
wher ei n:@&r”%%’\%ydr ogen or |lower alkyl, R33 is hydrogen, &%l?ﬂoélllﬁfl, aryl,
R34 is hydrogen or lower alkyl, his an integer fromO to 2, g is an
integer fromO to 2, the sumof h and is 1 to 3; or R6 is a group of
formula P-4: R32 1~-"\  (CH2)h H (CH2)s‘w C3' /~ P-4 wherein; R32, g, and h
are as previously defined, Qis 0, S, -(CH2)p-, or a group of 15 the
formul a N-R35; wherein R35 is hydrogen, |ower alkyl, |ower alkanoyl, |ower
al koxycarbonyl, j is O, 1 or 2 The conpounds of the invention can exist as

stereoi sonmers angd ;. g4 I ks Q&gﬁ@ d within the
scope of the rgé%%%%%ﬁgg%%%ﬁqﬂéﬂi(s)'\fmtlﬁleiedg%ﬁrr%gun S gnéﬁiﬁl oned in the
various e wrsp lesvertsBad), anasyls bel ow i s al so contenplated inits
pharmaceutically acceptable salt form In a first particular enbodi nent of
t he conpounds of fornmula I R2 is hydrogen, lower al kyl, substituted | ower
al kyl3 aryl al kyIRs iohydzogdn, lower pikyl, shloyad oolpever alkomer al | cyl, substituted

| ower al kyl, arylalkyl, or aryl; and R4 is hydrogen, |ower alkyl,
perfluoro | ower alkyl, or aryl. In a second particul ar enbodi nent of the

. compounds of f oMsu$ hydrogerzlavesr alkpl myeen alkyloavbonEbkpylowesalkgl substivded ower

al kyl or aFé{‘l’érM’%%§%0$8§E°P%ﬁ§%zé3fdlPPOO/ 11884 8 R3 is hydrogen,

| ower al kyl', su r of aryl; and R4 is hydrogen, hal ogen,
| ower al kyl, substituted |lower alkyl B aryl._In a third particular

: [ R :
enbodi nent of the conpounds of _i@qg#l&a_(c@gﬁgﬁs first
<

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

. of Y
~CH)n G {(CHa)g~ '
H g U P-4

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 and second particul ar enbodi nents nenti oned before, preferably the first
particul ar enbodiment, R2 is hydrogen, |ower alkyl, substitéfeie 2&ier

al kyl or aryl; R3 is hydrogen, lower alkyl, substituted |ower alkyl, or
aryl ; andW(éll”'ﬁzéhhydr ogen, |lower alkyl, perfluoro |ower alBGHEPGIAISHy| 10
In a preferred enbodi nent of the conpounds of fornmula | 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

fornmula | and ReR’ sdydregsn.deweraligdpuhstintedjowenadkyl ak kyl; aod hal ogen; and

R24 i s hydrogen. pt § | i.s;a group of the
formula Y-1 as dgf ?r@gﬂfgﬁﬁ’#} %ﬁg%ga%a’%gﬁﬁg%ga@%ﬁ@&endent |y

hydr ogen- or 20 hal ogen; and R24 is | ower al koxy, preferably nethoxy.

Anot her nore pre | i '

enbodi nents feat Llféegﬂ%ﬁg%&%:%ﬁ%g?%@n%%é%g%&%éeg%% (ﬁ)IrSFmI a l
wher e 5 R25 Red secondpastioflarf anbadimemzanentioned beforeypeefenablyRB6 firss phdivetar al koxy,
Qis -(CHZ)eﬁ,B idRn€ IS an integer fromO to 4, and f is an integer fromoO
to 3, prefera Fy “’Anot her nmore preferred enbodi ment of Formula | and its
particul ar enboBi whydwgens lewaralifybsnbstivitet bewdrallylibaatyh: 4 June 2004 WO

01142225 PCTI EPG¥ - oD & . ene R i as defined in
formula I, R2 .%%&2‘?@?&%“‘%’%‘%@3&%‘%“p%\lmé’ﬂfagﬁ@d R4 is hydrogen,
perfluoro | ower Bfishiydrogen,lowemrliyl, ipetfudsliveer hikyt, ogerylor

10
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:



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

al kyl - carbonyl oxy | ower al kyl, preferably 1-(acetoxy)ethyl 4dM@ﬁ@Qﬂ§ of
formula P-3 as defined in fornula | or a group of fornmula P-4 as defined
in formul WOOYR{2Bhin this nore preferred enbodinent, it iBECTERPNEH ar
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
trifiuromethyl; lower alkyl, preferably $ethyl, ethyl, propyl or

i sopropyl; or halogen, preferably 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 Fpreceding paragraph, it is preferred that i) R2 and R3 are
| ower al kyl ; O N, @ydrogen or lower alkyl, and R5 and R6 are hydrogen, or
1) R2 and R5 alkyl; R4 is hydrogen or lower alkyl, R5 is

hydr ogen, apg-R6 gr ogen, |ower alkyl or |ower 15 al kyl carbonyl oxy

| oner al kyl, or : group of formula P-3 as defined in formula I, or R6
is a group of formula P— as defined in formula | (preferably R35 is

hydr ogen), especi all ‘? is lower alkyl; or R6 is |ower

al kyl car bonyl oxy Iome alky 2%or R6 is a group of the formula P-3 wherein

R32 i s hydrogen; oRM are | ower, aI%ﬁ his 1, and is 0, or R6is
a group of the forrrul a P-4 wheWaey¢ Havasdg yépb@élﬁﬂaﬂpgzgimger.a&kyb@ao and Q

is 0, or "is)lo»%%aﬁc?z@ R3s Y cﬁo$&\ﬂﬁérﬂabéaabwen%¢lsoﬂ8%&1 HE)EORJIQ A oaéd%l and

ogen, are_ | owner i 8 hydrogen

R5 and R6 are

RS is |owerl oaqekgliéyl &RbYd@gﬁiyd@@g@Hcy pacierably methyb Uﬁﬁ”ﬁi@i'l n connection
wi th preferrgg, t fore are

sel ecfed fr%m 4 Ju e 2004 VY)BOU Al?gpﬂg &&%?)Eﬂ%’/ ﬁg\%&ﬁ?&&ﬁmﬁgﬂ

N-[ (2,%- di cfined i w%fe@rmﬁyupo ulp Rydas idefingdyin fornaulg {.o¥Gthen this

d l € d
F%/rZI ?ro?rgyGﬂlr?éJ—%ﬂ Eer‘lﬂﬁz’car ony UHCUIH:?IGfeFre?}rhE'}# ?sazgm“‘é."ff}&? 5-
pyrim di nyl ¥ WPG@-R% a@udd%%méy @d@n&}ywﬂﬂmyl ]

-4-(1,3,6- tfo'v\g}a l, przeferabqff %ngmemﬁ; il&ﬂé#%h&' ;)réééfagﬂrerﬂgéhﬁ, g&&ﬂ Bropyl 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



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-methy

car bonyl ] 6-trinethyl-2,4- 10 di oxo-5-pyririudinyl)-L-phen Ialanlne
N-[ (2, 6- d?‘ﬁ‘?é%%’ﬁhenyl)carbonyl] -4-(1,3,6-trimethyl-2,4-& ‘BS(EP@ 1554
pyri m di nyl)-L-phenyl al anine; N [ [2-f|uoro-6-(trif|uoronethyl)phenyl]
carbonyl] -4- (1,3,6-trinethyl-2,4- dioxo-5-pyrimdinyl)-L-phenylal ani ne;
15 N[ [2,6-di-(2- nethylethyl)phenyl] cdobonyl ]

-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-

pyrim di nyl) - L- phe[z)eadiaklbispheyl)cartioayl} - 01,96 rinfepm! b)sparbonyll - 4-
(1,3,6-trinmethyl - ['(SZ dlloxo- o O)pyrl%Hdl ﬁ{/l - L- ﬁ%%lﬁiﬁl ne;

[ 2- chl or o- GPWmPﬁéPﬂWW yhlspisy| | car bonyl ]-4- (1,3, 6-tri rret hyI 2 4-
di 5- d e bonyl
-|40X?1 3py(rj: (rant hg/lmy!ahrrug?ﬁl?%lm Eh?ﬂ gi)a%mw§ %1( [ nyFl?}Ll eny dé%lr ngny2]5 N-

[ (2-chl or oPEIREERK K Y)ﬂéﬁlﬂbonyl] -4- (1, 3-di et hyl - 6- met hyl - 2, 4- di oxo-
5- di nyl)-L N-
pyrism di nyl) - Npﬂgllﬂ(ﬁb%%box );)I eﬂﬁﬂ&ﬂ%}ﬁg%@ﬂé ?negﬁyﬂef& ﬂﬂ)xfor m 20 [

(2-chl oro-6-net hyl phenyl ) car di oxo- 5-
pyri i ni di nypydmidsmdirltpheayirlasinen: [ ( 2- brom) 6- net hyI phenyl ) car bonyl ]

W0 01 42225 et Nt T TER g B - S e iR ot ST Sae [
1, 3- di met hypyrmiglinglbkptgaylplgring di nyl] - L- phenyl al anine. Particul ar .
conpounds i n conpegyi Dndthi1behit) Jo-ARONHRMPH &rnyI B4l QWY e Bthitil1- 248
10 dioxo-5-pyrimidinyl)-L-phenylalanine;
N-[(2,6-difluorophenyl)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine;
N-[ [2—ﬂuoro—6-(triﬂuoromethyl)phenyl] carbonyl]-4-(1,3,6-trimethyl-2,4-
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



selected from5
N-[ (2, 6-di chl or ophenyl ) carbonyl ] -4-(1, 3, 6-trimet hyl - 2, 4- di ox$-Jgne 2004

pyrimdin enyl al ani ne ethyl ester; N

[ (2-chl or ﬁ"é’-"l‘“?ﬂyl phenyl ) carbonyl] -4- (1,3,6-trinethyl - 2PETHEROYLISE
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 esterllwhere 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-

pyri mdinyl)-L- pM&I—btmoﬁmemo@mmnﬂxqa)—bmyMMQS,Bahmethyl-z 4-dioxo-5-

N-[ (2-chl B ¥Rt 1)-4-(1, 3, 6-t thI24d 5- 15
[(2-¢ or%,y@, Xylgri)%g )Lgl&%n?ony) ( ri nmet hy I oX0-

pyri m di nyl he Fanine ‘acet oxy) et hyl ester; or

(2, 6d|fluorophe {. I

pyri nidinyl) - phgkgllf‘ﬁ%;% u% ace%1 %%‘t‘ﬂ‘@*f HE%Q&GFW%WE@&EBV??]‘XI PFoup of
f or mul a P-SScbﬁpéﬁmts are sel ect ed from N- (2, 6-di chl or ophenyl)

carbo -4--( 20 rim dinyl)-L-phenyl al ani ne
_ N- di et hyI )Iil'{f%"\% %‘gfpéq.l'g } ﬁ (1 3,6~ h’?%/ethyl 2,4- 0)20—5- P y

(2 chI oro- 6 em. Qgﬂygﬂj yrdref;1, 3, 6-trinethyl -2, 4-di oxo- 5-

pyrimdinyl)-L- phen n| ne (N N di’et hyl ) ani no] et hyI ester; or
N-[ (2, 6-difluor o&ﬁéz/%rb o ylphmy()iarﬁpﬁylj—m(ﬂﬂ&m&hﬁ-ﬂneﬂsmeés_

pyrim dinyl )- - Q%%é @@%Lgﬁgl\%gl et hyl ) am no] et hyl ester; 25 where .R6

IS a group B %el ected from N [
(2, 6-di chl oropher?*}'-l[ﬁz,é-dnﬂnomogﬂe}ly})érbdfﬁfl]%-ﬁl Bo-trivmdthytl 2,2 doxdi- »x 0- 5-

pyri i nyl) 0 I_ _I é hol i no)ethyl ester; or N [
(2-ch (gro 6Pr%"t"ﬁ2$‘m %tblﬂ ftf“l}lmeﬁtpf’l 3, 6-tt hnet hyl - 2, 4- di oxo- 5-
pyrim dlj nyl)-L- p&bquaism;zT]re]l@lc@mrowwwa@)l@I &t%thpcﬂﬁid@bre;%ﬁct@ﬁﬂ?g%? 3\;)
.conpounds in con i) a se| ec m une
01/ 42225 PCT/ EPO&? i%@%%rophenybwg ?3 6e Jcrimetﬁdl 54-%.10:(0 g
pyrimidinyl)-L-phenylalanine 1- (acetoxy)ethyl 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



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 rret hyl phenyl) carbonyl] -4- [ 1,3-dinethyl-2,4-di oxo-6-
(tri f uor oM -pyrimdinyl] -L-phenylalanine; or 5 N YPCI/EP00/11884

[ 2-fl uoro-6- (tr|fI uor oret hyl ) phenyl ] car bonyl ] - 4- (1, 3-di net hy- 2, 4-

di oxo-6-(trifluoronethyl)-5-pyrimdinyl)-L-phenylal ani ne. Parti cul ar

conmpounds in connection with iv) above aze selected from N |

(2-chl or o- 6- net hyl phenyl ) carbonyl] -4-(1, 3-di net hyl -2, 4-di oxo-5- 10

pyri m dinyl)-3-nethyl-L- phenyl al ani ne;

e i o fhl Orob]tqﬁnm'e heny] ?Wncﬂowmmm%?%h%ﬂﬁr S enyl ) car bonyl ]

pyri m di ny nme R a i chl or ophenyl ) car bony

-4-(1, 3, 6- tiﬂﬁe‘? é%ﬂt%ﬁ”&?ﬁ &r'/'jr' ﬁf@ﬁﬂ?\l’)“e{% met hyl - L- phenyl al ani ne. 15

I n conpounds of tN‘H[(SZ -thiorens-nwethydphdnyb) cirbonill-a-11B-drhéthad alhwd-6R2 O | N,
as. defined in formula I, R2 is

,OR5 R4 H

| over al | eNF“‘%’%@W%MY“&P%YIIEWF@WWn perfluoro | ower alkyl, or

Ilc)\livelr Sa: kyl, R5 |N;[[zy?)ixag@(mﬂro&ﬁném@h@wydrboﬁwiz;f@fa-a;nlietﬁyl -gg,gn | over

al kyl, | ower, rbon ower : of formula P-3 as

defined in ﬁ'ﬁ'lé&“‘ﬁ "{?ﬂt}z@yﬁ M’Rh?ﬂﬁ &efl ned in formula I, it

is al so preferred that Rl is a group of forrrula Y-3 as defined in fornula
of forymula R2$- - wher ei is | ower

l,- where R25 is I QU R2
al koxy, Qis - %J%fﬁ?&onép‘?@déﬁ’ F‘?ﬂ‘?ﬁ%‘?ﬂ?"? r’r’{)(?bpéieﬂr“g’rﬁeg fam an int eger
fromO to 3. In NEt2- cﬂ:&ox@@&&dﬂﬂkﬂmnﬁ)cﬂrﬁoﬂﬂ}’—ﬁe{ﬂ,ﬁ&:ﬁéﬁﬁ TR-@nd-53 are | ower
aIkyI,R4|s eregl quer ,
10 )ﬂ) methyl -phenylalanine;
N-[(2,6-dichlorophenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo-5-
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.
15 |
In compounds of this invention of the formula Ib defined above,

o v
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 F26—(CH2}e~ | wherein Ry¢ is lower alkoxy, Qs -
(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.




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

13 Particul ar conpounds in connection with this are ‘LJune 200|4
4- (1, 3-di ge | - 2, 4-di oxo-5-pyrimdinyl)]-N[[1-(2-nmethoxyet cycl o-
pentyl] cﬂ%gﬁ -L-phenyl al anine; N [ [ CTI%P(ZO!IISS—!

1- (2- net hoxyet hyI )cydopent yl ] carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo- 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-pyrin@aidinyl)-N[ [ 1-(2-

met hoxyet hyl ) cycl opentyl ]* carbonyl] -L-phenylal anine. In another group of
conpounds of this invention of the fornmula Ib: 12 ON 1-OR3NR4 R HN\
'C0 2 6 10 R1 O MréirdaRompoarls detomedtiomwithnhivhee |, R2 is Iovver al kyl; R3

[ ; fluora lo r kyl, R5
s foner Al RS QSRS REt AR S S Dot

al kyl car bonypmﬂ]da:hmyljdLF;phbnylaiaer,oup of f]?r mul ? P-3 as def| ne? i nI folr mul a
| or a group of f - or | S icularly
preferred that R2 aﬁg@@“i@ (ﬁﬁi E'Wr;ll] 4‘?'(}5%%'6 ‘Fﬁbﬁa% giqgxo- _
hydr ogén, espewimidipyl)iieplenidhlanineaogr oup of the formul a Y-1 as defi neld in
formula 1, prefe I reln | ower al kyl or
hal ogen; and R24 | ?%@‘m&‘ﬁég‘ﬁ’%ﬁﬂ%glﬂ? %Q%?—ﬁl-i ependent |y

hydr ogen or matﬂzog;mnhyna:ydoﬁmyl]arbdrg&\}et-pahkﬁﬂynmao In the conpound of the
precedi ng paragraph where R2 and R3 are |ower alkyl; and R4, R5 and R6 are

hydrogen it is also preferred that Rl is a five or six nmenbered
In another group of compounds of this invention of the formula Ib:

R
OYN O RS
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.




het eroaromatic ring bonded via a carbon atomto the am de carbonyl wherein
said ring contains one, two or three heteroatons sel ected f4édwa#04r oup
consistin 0 and S and one or two atons of said ring are

i ndependeftt q‘i}“&ﬁist ituted by |ower 25 al kyl, cycloal kyl, TSRO 1188¢ ano,
perfluoroal kyl, or aryl and at |east one of said substitut ed atons is-

adj acent to the carbon atom bonded to the am de carbonyl. 4 June 2004 WO
01/ 42225 PCT/ EP00/ 11884 14 In the conpoudd of the penultimate 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 wher eliRie cbmp@ugdoﬁmeqfenﬁhmméparagﬂﬁhwd?dnzanley&’reloIWeRZG is

| ower al kox Qi fp- €. S an.i s an

i nt egek fro%kg%%‘f%“ %gP%BeI gef‘ﬁ“é%?ﬂﬁferé‘ﬁg%gﬁbﬁ? 869“&%3(1‘«5%% ment
of the conptherifis aplefimedin lfamiulal \pheferablRvlicse Rysiisaggoup bbisemubl kyl ,
substituted_| o Mal kyl or aryl; R3 is hydrogen, |ower alkyl, subst I tuted

| ower al kyI ,HhckeMRia;iswmr(a@@wy Q& dgip)f, ewammteggrl&omobst ituted
| ower _al kyI particul ar enmbodinment, R is Y-1

d
wher e’n R22%0 I*é%h&?e@e’é@ma’e%o B“f Qlﬁlzrrul al. Preferably R22 and R23
are independentl r al.kyl and 4 I s hydrog 2 and
R23 are |ndepend %ﬁ bd%‘é’ﬁ °%‘f e@‘?pm’é’[ﬁho |$§§,°P’§1P Wé‘ro oregy

anot her errbwﬁen&enhschﬁrdi n,slewenuk;@,agubst&utearloﬁ maaiyl 15 R is Y-2- In a
further enbodi me ; t he secon |cu r e ment s Y-3,

especi al | y where grqggnz Faﬂ‘a“’?@gk?é V\/nerel n Rbis

| ower al koxy, Q R&siﬁr&}:@:if halc%eh,ﬂoﬁ@r dﬂ&;ﬂ%ﬁﬁmﬁfe@ﬂbﬂeiﬂkﬁ ik.the an
integer fromO to 3 referabg%dl -Inarmre specific enb i ment of the
second parti cul at*™™ ‘é‘HjoB REabs |ower alkyl: R3 is |ower alkyl: R4

i s hydrogen, | ovRlisa-kwhefin R3l20d@3; are RS défineld iA FS1@RMa 8 FefBRbIyRHysH 0gen.
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.



A preferred enmbodi ment within this nmore specific embodinment is wherein R4
25 is hydrogen. Wthin this preferred embodinent Rr is Y-1 a$JeRg 204 in
formula | e}s&gcj ally wherein R22 and R23 are independentgé | ower al kyl or
hal ogen; hydrogen or wherein Rn and R23 are i nBEHERW&Bg4y
hydrogen or hal ogen; and Rz4 is |ower alkoxy. Wth in this preferred
enbodiment Rl is also optionally Y-2 as defined in formula |l or-R is
optionally also Y-3 as defined in forrrulaaSI, 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,

pr ef er abl y 2. 4 June 2004 WO 01/ 42225 PCT/ EPOCO 11884 15 Additionally, a
preferred enbodi of 4t he ent.i is a compound. of the fornula
12 O N 10 Re Hadkgghall Yol iuet gt BRI s gomBPTES o v
Y- 1 wher ei noRgtie fendulRI3 ar e independently hydr ogen, |ower alkyl, |ower

al koxy, cycloalk aryl, arylalkyl, nitro, cyano, |ower alkylthio, |ower

| kyl 10 sul fonyl, |ower al kanoyl, hal ogen, or

kb6 at | east one of R22 and R23 is other than

dr ogen, |ower alkyl, |ower alkoxy, aryl, nitro,

, or halogen;R2 is lower alkyl;R3 is |ower

ower alkyl; R5 is hydrogen; and R6 is hydrogen.
ent within the above enbodi nent of the present
coAyl a | above wherein RE is a group of the

al kyl sul fi nyl,
per f 1 uor ol ower
hydr ogen; and /
cyano, |ower BBky
alkyl ;R4 is hydr 6den~g#
. 15 A nore preferred enbodi
invention is a conmpoundHy
formula Y-11 1322 y/ .

Y RAO

5 wherein R, is a group of the formula Y-1

RBzp

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

/./

Roa
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




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

hal ogen R24 is 20 hydrogen or lower alkoxy:R2 is |ower al ky$JuRrs2G04 | ower
al kyl ; v{@ ﬂ drogen, or lower 4 June 2004 WD 01142225 PCT/ EPO0O/ 11884 16
al kyl ; ‘yza?sogen and R6 is |lower alkyl, lower alkyl cB¢EEMYAE8# | ovner
al kyl, or preferably hydrogen. Another preferred enbodi mrent of the present
I nvention is a conpound of Fornmula | 5 above wherein RF is a five or six
menber ed heteroaromatic ring bonded via ¥ carbon atomto the anide carbonyl
wherein said ring contains one, two or three heteroatons selected fromthe
group consisting of N, 0 and S and one or two atons of said ring are

i ndependent RIKY R isthydiesss; and Rednlowen plkyl, lowey elkgylenibpnylokplavgealkyt pano,

per f | uor oal If,yéfemg%,h?ayg eand at | east one of said substituted atons is
adj acent tothe 1 kgon atom bonded to the am de carbonyl; R2 is |ower

alkyl; R3is lower alkyl; R4 is hydrogen, perfluoro |ower aI kyl, or | ower

al kyl; R5 i rawds ?&%&i{:@&ﬂbﬁm@t & GRS iANAEDRS: @@3&;@%&3‘9%&“ of

't he present i nvention I s conpoun erel n
group Jof f orheNeavhergn B iseHivewr sixanambren betetbaromgtiofing bmddﬁ vioa marban R25 Q

Y-3 wherei thﬁ?ﬁ: the ahﬁ&\?&r@drﬁ'*vla?%uﬂfﬁ%;é%é %@&I’Qmél 3 5‘? & t‘%‘%sr oaryl ,

| ower alkeny or a rou
azi do, cyanégl )lgegwlconmﬂngx#N, Coamet S ah&mqmwbmmm of awkrfingl kanoyl ,

I | kyl I | fi I erfluoro

| over al kgn%{}:ﬂdeﬁeﬁ&ﬁfﬂy@hgﬁgéglb;?&%ralkgrpcirawg SRS wher i hoRog
i s hydr ogenpéerfluproabiyl, @rh;yﬂand@lgeasswwmfrsa@snbsﬂmuﬁratm ladjdcaneo the

al koxycar bo Qro | kan | ower
oy B P ofbon pfE oD amiBE eboo iR 1 URES MR, st SRS
R29, taken hydigeuh ecrﬂmi'mlomaealkﬂt adbwelr aikylrhgs hyddogen; ahd Ryishylrogenor

6- nenber ed sat ur at ed

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-Ry0,Q is -(CH2)f O-, -(CH2)f 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



25 heterocyclic ring optionally containing one additional heteroatom
selected from0O, S, and NRO0,Qis -(CH2) f 0-, -(CH2) f 5-4Juec}@di f
N(R27) -, 5& % R27 is H, lower alkyl, aryl, | ower al kanoyl, aroyl or

| oner ~ al kaX9 &4 z36’ny| R40 is H |ower al kyI aryl, lower aF [118%r oyl or
| ower al koxycar bonylthe carbon atoms in the ri ng 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 fromO to 3; R is
| ower aikyl;R3 is lower alkyl; R4 is hydrogen perfluoro |ower alkyl, or

| ower ai kylegQ I S hydr ogen; and R6 is :)Sg A nore preferred enbodi ment
of the presditan intagat frem 0 to 33 R isdow owen aliyl; R&s hydrogeruiperfliioro R i s

a group of flewsnia, brIowddiaBG1;RSishydrgell %% of the forrmula: R25 Q
Y-3 wherein R25 i's é grOtj'g&o §1‘50|ﬁ"{§ Re Q% genwhereln R26 is | ower
al koxy, Qis -(CH2) fr, e is an integer from0t04 and f is an integer

from0 to 3ia Rer) efe%a bbb indFiedchs LOURIor (bmdBlnb Seliidiogen,

perfluoro | ower , | ower rogen
| n ano? her é@ﬁ‘@d’( %fﬁéﬁaﬂ%ﬁ”ﬁ’vploﬁﬁémul@ﬁ 3r‘élluah§§3t-6mnlmedldsgofﬂ1éor nula |1
R3 |  OYNYR4yR51a!l RR.NO HN11 i it 2 Pl O

R25

Q
|

Y-3
wherein R2s is a group of formula B26(CH2e~ | wherein Ryg is lower alkoxy,
Qis -(CH2)f, eis an integer from 0 to 4, and fis an integer from 0 to 3; R, is lower

10 alkyl; R, is lower alkyl; R4 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



15 wherein R2-R$ are as defined in fornula | and Pl and P2 each are a
protecting group. More particular, Pl is a standard nitrogert st 28 ng
group suc, t. butyl oxy- carbonyl (Boc) or the carbobenzyl ox roup and
P2 is a s@éﬁi‘gﬁg{scar boxy protecting group such as |ower &1‘13)&/@“8&18%4 .
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 cel Theumatqid aviaritis, mydtiplesclerasisci@flpmmagory bowelidisesss end partisslatlyuch as
4 June 2004i,\MQ: BikfiRAR 2o RATHERIB 2k Wa B eddhBeliie IR bl i ple
sclerosis, inflammtory bowvel sdi seas_g,e and parti cul gﬁp}?{ﬁ&%}t‘oﬁicabu%%ﬁ ng of
eosi nophi | sthedng ipflemmatian tvhith eeenviinepthewnThasp theecompounds of the peeseiit  t he
| ung i nfl angeiin M0 LR e Sreafn & idtdBamiNus, the conpounds of the
pr esent inventtfyti)&n are usefue% or {:@lﬁe&treag‘:‘rmnt of asthma. 5 On the basis
of their capability of inhibiting binding of VCAM1 and fibronectin to
VLA-4 on ci rcul abj e b TRRARY &abBRSiRRbID biRAREBPVEAN 3)da TONOCYtes,
e used as a ne

the conpounds of the_|Invention cCan rcafent or as a

- phar naceut i fttaprectinge YLA-6 an sirpeleting lyynphocyted eosinaptiilsgrsoptilsgimslor der s whi ch
are 10 kno &)’% ' .1 b di S binding. Exanples of-
such di so\rliggltrxs ar’e@ﬁ%& B%Ig%dﬁw g%?ﬁl%%?@&%%# ip)#/%sagl%fb%l?‘gglg%t,cgggﬁhna, and

i nf | ammat orBharbasuticaicompesitioniespecialp furnbistredtmiehtof discrders whidraze pr ef er abl y

doanth - . . ot tion.
anon'te asdeAbE orlled UiBPaS RRIMITY UV Bt P TBBRE Kbl PR O
rel ated t o difreders aieraeimatoharthuitig niulfiple sdebsiaasthinag iné oflanopitohs,

t ' . heer ti b
ot b 11 el 48B30 €505, QN RSP RSBl e T e msrecpme
i nvent i on afdiseasadivhich ipvodvetpuiciongrydhfitiiiation, satddasdatiEd The puhaosay | ul ar
receptor aliphagrRRLA fhidhl tPuts IR UANAR iefiMd hE RethRtion 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



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

i nvent i onWRHtE@R2%5nhi bit both al phad4- betal and al pha4- bet RCTEPOUHIBS+

bi nding are particularly effective in animal nodels of asthma. Furthernore
work wi th nonocl onal anti bodies to al pha4-beta7 indicate 25 that conpounds
whi ch inhibit al pha4-beta7 binding to MABCAM or VCAM are wuseful for the
treatment of inflamuatory bowel disease. They would al so be useful in the
treatment of other diseases in which such binding is inplicated as a cause
OIZI di seas e%:dhmhgml .I isnratis;lmm}plpnﬁtoriﬁﬂ iﬂjhaiomtrhniml | nsley©drdpbsalvey/&rspr 4;11 can be

adm ni stere ra recta or. arentally, e.g., intravenously,
intraﬁuscul%ﬂéﬁﬂns§ﬁ3§ﬁ?§h§6ﬁ§§§3nqq#%Q§?W@@hiy or transdermally; or
sublingual ly, or as opthal mal ogi cal preparations, or as an aerosol in the
case of pul nonary infl anmati on. psul es., , t.abl ets,. suspensi ons _or sol utions
for 4 Juhe 2004 MBIk BetHARCoT TaBbalaten ethimataloR A Pafersd

Suppo3i t or ifesm of R CThexdosages it whidh theyttnpiudds of tha iRatioH afeRiddinis&ebdit | ONs
are exanpl es ﬁ% adm nistratio forggg I ntr?venous I nf ramusgul ar, oral or

i nhal at i on REHFTHYE AP IPEnding PR palire! fhy spegiic adive Ingredigris thyage i n

whi ch the cadpberduiremenbiofidvpichtmdahe nivdglofhdhRifftioh) DRkiRS hiayBeanount s
depending op the nature of the specificzﬁﬁéve ingredient, the agé and the
r equi r ementEIMIRGLDIAY oRventinal ettt dosertimihag flinica) frialpddasdhe may be
det er mi ned ifyertiay fAARYCRIAPIR a ARMRY of Brefting INos AfRerink Toh A Qisehde i cal

trials. Thus,. t i nvention further c rises a _method of treating a host
sut { 4 ng f‘?lBth%&l‘éé]a%r rﬂﬂ%@ﬂ&%ﬂﬂ_ﬁhﬁ %ﬁ-wm% etedy 3 erusativgifadion o
VLA- 4- expr af $hdliséabd hfnptomd of dhibadd Bieadhifts@ting b aﬁ%@nﬂbﬁe&%ﬁ%&mfo s or
damage by nnisteri .an a%&t -of @ conpound .of . the invention
suf fici ent TOUMVARIOR § 9 y%ﬁ'elcﬁri _I‘B???Hﬂﬂ?b“@%g"ﬂ_mﬂ‘expr essi ng
cell's so t hapressihdlcly P HRITai@ byritosis &2 6B Batnigd i6 FREH. Th BerRNCAGRhgesd0SATES
of about OF%:&OO ng/k body i ght per_ day aré preferred, wth do%ages of
1-25 15 mg/kdopE0- Aﬁ%ﬁ@‘ﬁ;m" Perrday 2 Retsrreddwith desagessefded® of 1- 10
my/ kgp body nigikgpér dayeiiparfiail ity peRaks ankMozRe 6f 1-96'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



I n anot her aspect, the invention relates to the use of a conpound of the
present invention or a pharnmaceutically salt thereof for theJyeefation
of a nmedicanment for the 20 treatnent of disease states nediated by the

bi ndi ng of VCAM1 or VLA-4 or VLA-4 expressing cells, especially in the
treatnment of rheumatoid arthritis, nultiple sclerosis, inflammtory bowel
di sease and asthnma. | n anot her aspecit%the invention further relates to

medi canments or 25 pharnaceutical conpositions conprising a pharmaceutically
effective anount of a conpound of the invention and a pharmaceutically
acceptable carrier. It also relates to a process for the preparation of a

har naceut | [ Ahi C I O£ eSS onprLi sSes bri ngi. a conpound of
'Ito he presen@@ﬁ\}%%@gﬂ céf}aﬁgsngﬁ%sr%na%gu f%"é‘F}sze'qu@t?igF’é\B?%S‘gafetgﬁtﬁérggf, and a
conpat’i bl erpseitlersalation.cGpsakes cireroritaih @ fillega thivkerh iBAdHEHR 66 Selzafiyon form
Such conpogj.t.d e raul at ed by. an onventional, neans. Tablets or
gr anul a[rgsﬁicggéﬁﬂ %%h?g?ltr]%g%n‘;sr ’r@% urd%mgﬁoﬁwgraé(,h" Py gsdyell as substancesusyallyy june
2004 19a dirsedespssetving, subilivimpanbistrasetsiningted chilsi i HEes ab el B T Oor m of
a sterilge VR 8l a?}i%d bl e sgﬂ ution. B%ps%gs an .gont ai n filler or
t hi ckeneér Tn-addity'on P PHIRERETTYE PHE ARG adgitivesfanlsode present.

flavour-inproving additives as well as substances usually used as
preserving, stahjlizing,, nmoisture-retaining an nul si fying agents as wel |
as 5 salts for a@%??{eﬁba%ﬁénﬁ%%ﬁ?méﬁpg‘?%‘g#&w%ommpaaﬁdi tives
can al so benvestiend phatneacpucallpacckiytable bfdaanast iscrginie bulBletd aks and

di luents can conprise any conventional pharnmaceutically acceptable organic
or inorganic substances, e.g., 4 June 2004 WD 01142225 PCT/ EPOO 11884 20
wat er, gel atine, |actose, starch, magnesium stearate, talc, gum arabic,

pol yal kyl ene glycols and the |ike. Oral unit dosage forns, such as tablets
and capsul es, preferably contain from 5 25 ng to 1000 ng of a conpound of
the invention. Generally the conpounds of the present invention can be
prepared from suitable phenylal anine derivatives via a palladium catal yzed
reaction with a 5-hal o-2, 4- :




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 intéJangZ@idect ed
phenyl al ani ne _derivative 2 in which R5' is hydrogen, chloro, |ower alkyl

or lover AYRE¥I222p1 s a standard nitrogen protecting gr cRGI/ERMISE a Boc,
or carbobenzyl oxy group and P2 is |ower alkyl or substituted 15 | ower al kyl
sel ected appropriately to serve as a protecting group or an.elenent of a
prodrug. The group P2 can be introduced 2y conventional neans famliar to
those who practice peptide chenistry. The order of the addition of P1 and
P2 is not critical and will depend on the particular choice of reagents. A
di scussi on ®aterhgelating, laptdse, statchonhagnésiim stearpteptabs gmgrahiqpobyallslapeovi ded in
Theodor a W#cgﬁgﬁd abeter G 20 M Wits., Protecting Goups in Oganic
Synt hesi s, I'ey Tnterscience, New York, 1991. Alternatively, a conpound
of formula | maybe converted to a conpound of forrmula 4, in which R'

represents a co . | _.gro of the inyentipn..A caqnyenient
method is to inﬁgﬁ%tﬁ%@@%%&%&sﬁﬁéﬂams goilis lyb"spné‘”ﬁgﬁ?ﬂi ng
react ison of 25 mg torl600 arg ofa comipognd ofitteribvearieh. pepti de coupling reagents,
for exanple 25 HBTU in the presence of a tertiary amne base such as
di et hyl i sopropyl am ne. Again, the particular choice of reagents nmay

di ctate alteriGeperdily the qerepmends bof thegpreseht inderttidnogn befpréphredRémRRitable

Conver si on Qungs. of. f ormul . or t o .derivati.ves r.5 1in which .
M representgﬁ%n%&s)agﬁg???ﬁf‘%hv SiVEE %?ﬁlﬁg‘}% e TEahiog v ?%‘i’?'?@dz’ﬁy t r eat ment
with a suitdiskepppetioes, for exanpl e hexamethyl ditin, hexabutylditin or a
30 tet,raal koxydii boron in the presence of a source of palladium zero. The
met hodol ogy is outlined and referenced in F. Diederich and P. J. Stang,

ed, Metal Cat alsshednGn Resctiof@d¥rmay, ABdo- 6r5-briinbplenylatinitteddigiiva

cermany. 1998 43178 Un i intSa Protected phérylatumiae dotivatve 3 sy which Ry 12 ° ©

hydrogen, chloro, lower alkyl or lower alkoxy, P, is a standard nitrogen protecting
group such as a Boc, or 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 R,” and P;. Conversion of compounds of formula 2 or 4 to derivatives 3 or 5, in
which M represents a substituted tin or boron aton:1, 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.



10-P200B" .0 %ly OP2 5 Pyrimdine-2,4-diones (uracil derivatives)
of fornula 6 wherein R4 is 5 hydrogen, |ower al kyl or perflubdendd4 al kyl
are wel | Kgﬁwﬁ},'{qthe literature or can be made by known net hods.

1, 3-Di substrtut€d pyrim di n-2, 4-di ones of fornula 7 wher ePGI/EDOV/HBRY 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 SendaZlet at Chem Pharm Bull. 10
1974, 22, 189- 195, Chem Pharm Bul | 1972, 20, 1389- 1396, and Yasuo Mrita, et
al., Chem Comm 1997 359-360. For_the case where R2' and R3' are |ower

alkyl or aryl |ower alkyl, conpouReastionSthemmid.a 7 are available by

al kyl ati on of cgnmpounds of fornmula_ g by treatment with 3 al kyl ati og
agents such as flodomet hane, benz | b de, allyl brom,de J*n the presence of
a base such % assium car bona% ase transfer
catal yst For | reactive al kyl at agents, it may be cessary to use a
stronger base sttChYjas an -atkatt=net dr oxi-de—ahd»t 0 heat reaction
m xture. Conpou f.0ormula 6 or 7y Bgenated in
the 5-position by trkatnent wi th conventltonaf hal ogenati ngire ent’s such as
brom ne; N-iodosuccinimde or N-bronmoguctinimde in a suitabl € solvent such
as 20 glacial acetirc acid or aqueous ac@ic acid to give hal opyrim dines of

formula 8, X =B or |, R and R3 &ke independently ge/dr gen, |ower al kyl,

aryl | ower alKk or aryl, Rg. = Xk | ower allc per fl uor ol ower
al kyl PCTI EP0084-4 June 2004 Wi [ 42225 22 Reactio henme 2.
N O.
H,N O‘P_,_ ° P, /J% P,
O R‘l: 0 0 R1= O 0

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.




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 thdune 2004

phenyl al apnj ne derivative of fornmula 3 or S. For exanple, when Mis a
substit ut @ 43225t reat nent of a mixture of 8 and the phemATAHRIAIIES of
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) palladi um
10 dichloride in the presence of an inerX solvent such as DVF at a
tenperature of between roomtenperature and 100 oC gives a conpound 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 conventional neans de i ng,on the selection of P1. For
example, if Pl is a Boc group, itﬁﬁﬁ%og@n"g%mggmved by treatnent with a
strong acid, such_as' trifluoroacetic gacid, optionally ing the presence of

a solvent such as jdi chl oronet hane and scavengi ng agent . Th resul ting
free am ne may be acylated wit d of the forhfulai " CO2H usi ng
conventi onal peplti d& couptimgtechni

ues| Formrﬂﬁe,;l&y fment with
HBTU in the p@és@liceRgf a tertiaryanNhe mase such al ¥ 4

di et hyl i sopr opyl afne in the presence 8f 20 an aprotic sokvent such as DW
to give the compoyfd of structure 10. If the free acid 11, s the desired
end product, the ester..group, P2 may bel r enoved by conventional neans. For
exanple, in the case that P2 i's |lower alkyl, for exanple nethyl, it may be
renoved by treatnment with an al kali netal hydroxide, for exanple 25 lithium
hydr 0%i de, i n s sbawnapReactionbelmme 3,¢he eovaprpine cidorrouls SThirbemsedinal | y
cont ai ni ng

ot 72, AP0kt a5 1 B b
hydr ogenat i B+Fopexampleneldnavies sbstitwddaing steatrhan of 1 atighee pAS had iHem on
-carbon. 4 J Hﬂe%yl?apa%'nevg fgrjf:r/nﬁazl g%? 5 %gﬂl%es%%}éeoor} pgﬁaréﬁunr% z%i'o s%?:h%s
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 Py, 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 ami:txe may then be acylated with an acid of the formula R,’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.



RS O P2 O-K, N""" O R2' 8 PCT/EP08111884 I3 ,"NR4AR5S R~ NR 3 R5
RS -YN R'I-IN zHNOO 10R'" O0OHNO 11 R OS5 Al‘fréimfamﬁﬂely, as
shown in i on_Scheme 4, a conpound of structure 8, wherein X is

br oni de or%&?gifﬁj%‘? may be converted to a species of formulBCHEPMH8E#hi ch M
represents a substituted tin, boron or zinc atom In the case of the tin or
boron 4 June 2004 -

Reaction Scheme 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



WO 01/ 42225 PCTI EPOQ 11884 24 derivatives, in which M represents a
substituted tin or boron atom the conversion can be effectéddng200deat nent
with a suitabl e species, for Reaction Schene 4. a X R3,, NXONO R2" 8
10, R 3 WOML222ANn-0O it R1I' OO 4' 0 P2 R3' OYN R4 , Y RSPOT/EPQ/1184| 5 O
exanpl e hexanethylditin, hexabutylditin or a tetraal koxydi boron in the '
presence of a

24

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.
Ry
, X
R, R,
RE""N X Ra'\N M
A - A * Op
0T N to 0" "o HN P,
R R R,'/ko °
8 12

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



source of palladiumzero. For the formation of the zinc derivative, 12, M
_Zn (hal ogen), conversion maybe effected by treatment of theJeuwsdnd of
formula 8 X =1 with a source of activated zinc netal in a suitable inert
sol vent, fSPW@UZRSI e 10 dinethyl acetamide at a tenper at ur RCHEPWHRS4 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 forrmula 12 can be reactegswith 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 palladiumzero
to give a conpopmuhdebf foommplal 12 ca be reantetllvéth cassbstiaed phigifdatiee gr oup

represent ed . P2 | s .not 4 qf the targeted co und, i.t.5 can be renmoved
usi ng ester ?%/{'ﬂ?éﬁ/‘?if n%‘iﬂggrelaﬁvﬁ%%hgplﬁ? ?%91“%0’96 IBE‘FWYM@?QW‘“ For
exanpl e, whethe pPRence of ewarrcadfipalladifinr zeex argivesa corhpotind dftfosailahe’. egeved by
st andard base h?\/(grolﬂi/seisge usi ng an al kal i, net alc%g%%r xi de, for ex&ggl e,
i thium hydPSXIFAEE HEFSIEr SMPAERISHRET YiF2ds Bt ¢ targetechPIRROUdsitr abl e
to carby a pranthectihoedgishigestehhpliohsic peocedurpt zippqo;fsxeastd mafamlﬁ._t itute it
at a later tine. Irﬁl&;‘l%s as a 1£ [ofe) ourd%h ornmula 2', in which P1' .
is |ower al KSXyEHP €THt2 3 Ay (f%fr%g‘i’??em - ecan be gemepedibiied above,
maybe coupl esantlatdbade hydrolysie usiag af Biald et hdrowide, b2 efnpliMBiug, COmpound of
structure 9 wi CQ i.n tur.n,rnal%/fb e converted to a_conpound of the invention
using the gdhErafidsBeyatrtan TRRRsES, it mpskhe dessable hearsy aprotesting
al ternative droup thrbeiChERONPHRS refctibh hiid bubéBffd RAt 2 Ber Ty | {ion
SchemeS, V\hgfi-cﬁpi S b Fy ble to co ounggq%vlﬁlhﬁfﬁé’%? i's

r

papticul gr ppli.c
ot her ¥ han 9y H?lcqrgl %P pif nggﬁ’ 1df yaydbowr@eﬂvﬁﬂr&emowboeﬂn be
acconpl i shedinl@yX® iy RAefihéhbdve FEYBEPupled Zﬁnalsaiﬂw'icm &?.Eamm f
formula 13, in which RY rgpresent_suﬁ%we%?hgﬂ yl or Iovvg?’fa oxYy, z;c%d X"

represents &S aforeroung obstrerdure whishdp fyrnaesydieconyersed parspmpopndwiet y and
RS representge ﬁw@ﬁﬁsrﬁﬁméga&mgx&&d@eéﬁQﬁéQ%FoveEﬁ&e&hsg\F@egne sui tabl e
thers. ehyde

protecting groups include silyl éthers, benzyl e s, mybe
protected as their acetal derivatives. The conmpound of fornula 12 can be

conveyged {0 anqdlalisotle tbebMbbindsbriifis GRANES SO MRwPLARA Ch. when RS

is an alcohol, would involve protecting group reno necessary,
fol | oned by Sskemadiviuch is particularly applicable to compounds in which R’ 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
group 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)-




25 Any of the conmon reagents for the selective oxidation of primary benzyl
al cohol s to al dehydes maybe enpl oyed, for exanple, treatnert Juie 2004
activated nganese dioxide in an inert solvent In the case where R3
representgago'FBFbcted al dehyde, conversion to an al dehyd®CHEP§OSIBRH 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 efZ¥ected 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 treatnment of 15

with ()- N (loeplosphyi6gydiedwimetkyl dstaein3ROPr MR L b 4 2di2abidFVaté Ei?%lizﬁﬁﬁs‘l 26
e

a-phosphonogl ycine trimet hi/elfq ester. in the presence of a suita base for

fexarrp: e tetiftiamathylovamdingloads diceets top d@uﬂrmloac@ewmdw}lﬁ&mi d of
16, ) ! = c _.Enant i ive.
rg(r:llrjrgt ?on OPE) %ﬁ%&?ﬁeéﬁ&gﬁoﬁ%ﬁg)% % ﬁ@%@ﬁgﬁ‘%&f#‘é %S'&Jfgé%%gg%ﬁ%unber

of reduci ngaeiddfitcan beakeffaiddbyfuse of haumbpiofivedeing syeneaigblefortthe recently
descrided e | - DyP rhodi um r eagent. ( Bur k ,, Feaster, J )

Nuge ntg,3 W kmﬂ%m %’Cv;@ﬁp }l]ﬁ: a‘ef _ece,&ﬁy%ejfgh&gti}g?@fg%ﬁ $ thediupp yeagent @é’ﬁﬁg

essenti al | y M.jgFedstery BEy NagputgWe dusrIarldvwy R hef. Asoromis Ssan1993, 185, 10119)e
conpounds of. the in ion can be garried out usin he general procedures
G ebussed abnesetl b Rt R nithedRe hEthatontoeiher 6 5 thesompopRs v by
18 P," 0 I nobihe imvehedhemnbe cartied dhtasig thE general Procedlirs disbedsed Shovd, 1S

derived froma 2- subsituted benzoic acid. Appropriate 2-substituted
benzoi c acids are either

10 Reaction Scheme 5.
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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




comercially available or can be prepared by conventional neans. For

exanpl e 15 ortho-substituted aryl iodides or triflates may beJuwmH¥4yl ated
in the presence of 14 4 June 2004 WD 01/42225 PCT/ EPOO 11884 27 carbon
monoxi de aY@ ¥43#5t abl e pal | adi um catal yst, The prepar ati oRCOEP#MUBSS odi de
or trifate internediates is dependent on the particul ar substitution
pattern desired and they maybe obtai ned by direct iodination or

di azotization of an aniline followed by2Zreatnent with a source of iodide
for exanple, potassiumiodide. Triflates nay be 5 derived fromthe
correspondi ng phenols by conventional neans such as by treatnent with
trifl uor orretdadinn mohéxide al'ldairmsteble palladiurnicetalysie Tha peepafationtofsectsiodideas

triethylarni nent Jvent shown in
React i on E ﬁgtg%tlgﬁ’g% %éé\%{% %%E%l%ﬁ%s@f? op, attern desgdd benzoi ¢
aci ds invol \ﬁ@dthcyrleathhtalmd !a)ndlzecmdhnmhpprmm&ﬂzonmhldfendﬁﬂmeszMM&dsuch as
conpound 194 chl aro f roal k | ower
al koxy with zﬁr &ﬁﬂgqt%%ﬂzgsﬁgf%m?oeug&gfﬁ e‘F‘mf( o WWEF{? ?Eﬁ%tefﬁmy :’?8
oxazol¥ne r |d¢QV¢d)frbm\/dnﬂg)rrdaporghmgplwnobrtqmdwmondhaednsb&& ybyMeyeiment A | .,
Gabel, R, M 8, 43.1372-- 1379, to give an
acid of for ‘Hﬁl ﬁ%br‘%‘egmefu@% ax%vd?dte BEseeiahaeidyasy serve as
conveni ent mleihulasmmc;omhmmprep}dethylanwﬁlalmgnhewlmrﬁ ALdhdem thRéabBgorcase of
hi ghly 15 hi it | e | oro met.hyl henzopitril e,
convent i onalsleﬁi%[1 es?lhls u%ﬁ%srocfrggfadwgg8@86???&“@%316{1?95%‘1 $IYPREF cul t and
better resu rttestra&m oﬁm %mmhbxyp&er@lcﬁﬂiohﬂeeﬁﬂcéﬁv@ @u&mastcbmp&haqspzpmm g
benzai(fehydf;z | l,owed at%( dat | fQ[? fﬂﬂﬁ wﬁ]lpbas oxi di
r eagen 2 hydegen Atk shlore, perifuqralkyl Joper Separdats. 20
Reaction Sc Ineagmt&'ollawdﬂ%y(ﬂydrolysm@ﬂ&ie Sxaz bl rﬁlg&’ﬁ:ﬂ&wﬂg‘ 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.




19 25 Referring now to Reaction Scheme 7, cyclic adds of fornula 23 are
known conpounds or can be prepared using standard net hodol ogidee 2008r the

preparati f ubstituted al kyl- or cycloal kyl carboxylic acids,
al kyl atio%@é“&?fons can be enployed using an al kali net XCHERMRIERof 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 strong®ase, for exanple, lithium

di i sopropylam de in an inert solvent, for exanple THE followed by addition
of group R4l-Lv wherein R41 re resents a desired side chai n, such as a
subst i t ut edFersragmple, p syrealiyl kgmboxylinmesid estérof foraiuta ] cartedodatedewitlab kyl 5 and

the Iike an I hEay c.h asabromd | odi.de,
nesyl ate or S Mgr#aﬁgrfglg ougl%r%own tdggpg'[ ﬁ;m hat e "éf%‘?’e‘&n@F stample kyl ation
reactions. ThE fplloedhy adsetian ofzzonmRsbbv whereid &@eebxtesentsl”aedmedislae usi ng
al kali meta e, I e ueo al cohol .
Dependi ng o%hat@%gﬁﬁg%%rsulbg?tﬁﬁ?? hrgiﬁ ?)ﬁrgr gkﬁlé%t G"éf‘lﬂ 33%( az}dr?iq’é nd 23
may bé& couphmdithedikapndbv represants adeavimggroupsudh at @ baaﬁ:dzoim‘d&tet ﬁﬁsﬁae bhe
target direghly ct 1o funthe t|o swtable
point in the sérn ou?@o@ﬁ%é’ﬁ%% Femes&ﬁzﬂ tlegﬁ(é'ﬁ%ggl Bf “ i et y,
]E hlel az Id dg estay ZBena‘}dIhhyddolmd () tli&xaéxaumhgealhaﬁ ieeal h%droﬁiﬂeﬁrphktﬂ&bleeagent
ol | owed by | on ne
acyl ati on, 501‘{ ggny ag¥ ﬁl(?% % Zﬁ) g’@éﬂp ‘?ﬁf\lﬂ\‘/\%“{a@et hose
skilled in meatua} target, ﬁh&édrnpmmkmﬁﬁy bs c(su labﬁélalﬁgxrﬂzﬁeﬁﬁ&%cofr@buﬁéﬁwm e a
term al bro a hj s rou pl.aced n appropriate
nucl egphl | 202 %&%I% {a%’g h‘§"11 Wrbééﬁblﬂle‘&'éo Bﬁ%rwmwﬂmrsat@as e, a
t hi oet her mmhle @sa.;mmemern@nmeﬁs Fod epdrapleGE RQ s ﬁﬁa‘h&lﬂoweﬁﬂkﬁ th&kihele
mani pul at ed 4 g‘g ] Zuc |dat| n to # xi de or sulfone usi ng
standard r e%& |r8?‘y et E‘T‘%@ﬂﬁ perdungreegentialoned Biipl oyed to
produce i ntfanmhahtﬂﬁml ofakl prodter aa@mewammdan Qicylafibs, sulR@tidihridnc! ude.
sodi um cyamg%s sod rre oxi de, .sodi Hﬁ] az%ge phol i ne and ot hers.
Wien R11 i rf dﬁl(ﬁ’rgf PWEB fRosesilied 6’%&&4 l?é"WEH‘téﬁ alegngt a
convéfi ent group;tfor mtdpﬁe ayéﬁxhﬁﬂ b&oﬁ@udﬂt&‘ﬂ, ﬂﬁs %'o*iﬁfz&ygfe Qiiplacd@bPan 9r OUP i N
turn may be furt a}t ed ? eduction_to an al cohol or
appropna < nu eop example, so um methy 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 employed to produce intermediates leading to
20 compounds of this invention include: sodium cyanide, sodium 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.



conversion to derivative such as an oxinme. 25 Exanples of the application

of these nethods to the synthesis of conpounds of fornula 2BJunee2dMovi ded

in Chen, et _al. W 99110313. 4 June 2004 WD 01/42225 29 Reaction Schene 7.

Roy-fv PCYERP1884 21 22 23 In general, ortho-substit utRI/EROBAISEI c aci ds

needed for the preparation of conpounds in which R = Y-1 can be prepared

as exenplified in Chen, et al., 5 WD 99110312. For the synthesis of

2-chl or o- 6- al kyl benzoi ¢ aci ds of fornul 2928, wherein R43 is |ower alkyl,

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

Thus, a commercially avail abl e al dehyde of forrmula 24 is converted to the

imne 25 10 wherein R42 is | ower Rekgtion SsheheFably butyl, by treatnent with

butyl am ne in | nert, hydrophobi c organic solvent, for,exanpl e heptane.
’ Befts g Forbf

The resulting und ofg fgrnul a AR, sCOGyted with an a
Grignard der ive 26 in‘an inert solydqt, for example T ol | oned by
acid treat uring th&worRup to gi n al dehyde> of f a 27.

Oxi dati on of to an acid of fornulaX8/can be carried out 15
conventional ngans, for exanple by treagsent of a solution of327 in a

sui tabl e sol vent such as aqueous acetonitrile with sodiumchlorite and
30% hydr ogeln grnemkicgthossubstitutéstdromatio arids reeped for thepreReation ofi Schene S 20

Cl 0 24 25 compounds in which R' =Y-1 can be prepared as exemplified in Chen, et al,,
5 WO 99/10312.

For the synthesis of 2-chloro-6-alkylbenzoic acids of formula 28, wherein R43
is lower atkyl, the procedure described in Reaction Scheme 8§ is particularly suitable.
Thus, 2 commercially available aldehyde of formula 24 is converted to the imine 25
10 wherein R42 is lower alkyl, preferably butyl, by treatment with butylamine in an

inert, hydrophobic organic solvent, for example heptane. The resulting compound of
formula 25 is treated with an excess of 2 Grignard derivative 26 in an inert solvent,
for example THEF, followed by acid treatment during the workup to give an aldeh}.rde'
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

| i0 cl P[’R‘!a Ci ? ct O
‘ R,;—MgX
O, — O O, — O
F F 2 Re , R
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



ClL 027 C 28 01t may be desirable to prepare prodrug esters of the
conpounds of this invention for which it woul d be nore convédien?00do
introducev%$g %ﬁ%ﬁ noiety at the end of the synthesis. For this purpose,
a variety ¥ n techniques for the formation of esterBCHERRHIAboxylic
aci ds maybe enpl oyed. Typical methods which maybe useful 25 would include,
coupling of an al cohol to the carboxylic acid in the presence of acid, for
exanpl e hydrochloric acid, a procedure &monly known as a Fisher 4 June
2004 WO 01/ 42225 PCT/EPC£711884 30 esterification. Alternatively, a diimde

medi at ed couplepﬁg betmen t he carboxylic acid and an al cohol may be
enpl oyed wi tHeEREtop: AFraRtYele2 diimidqmedistedcoupling batwegnithe carboxylic acid

01 et hy! am aaah bBel méy boehASed YRRk Safl U S PRENLERLRRIL LT O

Another alternative is to trea e carb i C acl tive al kyl

hal i de, for 9% inepyrrling A wpm:aédxmdmdmdab@ty@aybmbm;le Ahothei de in the
presence of aehages is lohe BB ROLIA ' SRALRATHG! B Y- LIS, SOl vent
olce O e

for exanple The parti_cul ar f&d by t he
natur € of t HB(YHQMC@GP-BﬁCSdmeﬂB’ﬂ rldarid¢ incthe lpossph éeoof adebal fameotanpkd r ed est er

moi ety and %&hm%cﬁ?&ﬂt@%dixﬁn@ﬁ?oﬁ ¢! fo?q,%&%%mr‘rh Ei\;ttm.hgdﬁc?gs 'C“

may constitute prodrugs may be I ntroduced ny conven
the synt hesmethqdsyillbedeggraimedd thmunz:'ﬂthe particulan cdmbimption pf esbatylia

desirabl e [ u EXAMPLES
The Exanpl ega\%hqflgﬁdﬂc%lal%gt\fv@%?le for purbggggérgn {5?'{ &?ﬂ g?ngjﬁaﬁg‘ e not 15

i nt ended t o8Fqupp Whlqhénil)nmmﬁutﬁprpdngnwawbpmmmatmdmﬂemeﬁ@dmﬁg poi nts

Fot Stf‘%ﬁinwe BPa Eon et u Rl (B TR e o1

i H NVR specpralrugesterapd beaedined inthyfnalgprodiet200, Mecury- 300 or

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,



20 Unityplus 400 MHz spectroneters, using tetranet hylsilanenéTMS) as
internal standard. Electron inpact (El, 70 ev) and fast atonfdérmhadhent
(FAB) mass‘g %‘Eﬁgz[a were taken on VG Autospec or VG 70E- HP nass

spect romet 8PSV i ca gel used for col umm chromat ogr aphy REEERMIS8AK  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 ograms were run on glass thin |ay2tk plates coated with silica gel
as supplied by E. Merck (E. Merck # 1.05719) and were visualized by view ng
under 254 nm W light in_a view box, by exposure to 12 vapor, or by

sprayi ng wi tReveesed phese bishpsesswasiliguit] chrawatbgtpt)(RPHHBLOMas sareiedanol , or
after expos =1 ' ot | diari nodi t hane
reagent pr e%ﬁ%%%éﬁ%ggg%g%é&%%g%d&mﬁw&ﬁmgﬁgegﬁﬁ” BAL .
Chr omat ogr aphijow eb4%smifroin ezmploying 8 gradieht nfac2 8GdrlEw e (23RS HRGHINgPO0 11884
31 Reversed ' . | de@ull Qakaphy. (RB.HPLC)was carri ed
out using a(pg;? 3?':%5 &%ﬁ%ngﬁgﬁﬁongﬁh%i&ﬁ&g%gﬁ @“M%%#ﬁﬁﬁé%’mc- 18
col um3at  ere hypigally desoribad/inithe formho{fi-9f3%-2 it ) thierdferofo olirdan giatient 6f Wat er
(each cont aigi . gD pically from5 95%.acetgnitril e oyer

35- 40 ni n. ﬂ%g%o% ist/‘i;/ %%g el ‘?@%’i ‘%:g’ﬁf f’%m&ég’j?ﬁf’ B fiF eftreng

( 5- 95- 35- 214 UVidetestor af wavelength dfi2déaM.gr adi ent of = from 5% to 95%
acetonitrile in water over 35 min while nonitoring the effluent with a W

detector at a wavelength of 214 nM Mt hyl ene chl oride (dichloronethane),
2- propanol , Noethylenehlotidd (dishinromettane), 2-ptOpatdhddMEATHF oldtaeHexaer € Fi sher

or Bakgr re t, Ofr se i t hout , additional purifjcation except
as no!tﬂgd, ace o’nalntgrllﬁi e vvag P’gy%?is:ﬁ%% 053333%158?36%5‘896?%%@6”&%# Vﬁémﬁs ed as is.
Def i ni t i ons additigpalpurification extépt BsiRoted, dcetonithieckvas RishaPor Bi¥er hflc grade

N, N- di net hylaj,lgmgle Eis is DVA is N, Ndinmethylacetam de HOBT is

-1- hydr oxybenzotri azol e,

Definitions as used herein:
15
THEF is tetrahydrofuran,
DMEF is N,N-dimethylformamide,
DMA is N,N-dimethylacetamide
HOBT is 1-hydroxybenzotriazole,
20 BOPis [(benzotriazole-LyI)oxy}tris-(djmethyiamino)phoﬂsphorﬁum
hexafluorophosphate,
HATU is O-(7-azabenzotriazol- 1-y1)-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 BOP is [(benzotriazol e-1-yl)oxy)tris-(dinmethyl am no)phosphoni um

hexaf | uor ophosphate, HATU is 4 June 2004

0-(7- azab%géot riazol-1-yl)-1,1,3,3-tetranethyluronium hexafl uorophosphate
HBTU i s O'BRAYERA azol e N, N, N , N, -t et r amet hyl ur oni urn hexBECT/BRGIBRIS phat 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-Fne 30 NaH is sodi um hydride brine
I s saturated aqueous sodium chloride solution TLCis thin |ayer

chr omat ogra% LDA is lithiumdiisopropylan de 4 June 2004 WO 01/42225

- PCT/ EP00/ 11$8XF-Cdisbiyb2-oxoi3somsizeliding)phosphinazabldrifieny| ) phosphi ni ¢ chl ori de

NVP is N nmetgu 0L g : sson's reagent is

[ 2, 4- bi s(4- mth%ﬁ%ﬂr}%@?ﬁ%@?hl a- 2, 4-di phosphetane-2,4- disulfidej 5
NIS is N i o88wesend nreagentindrd-bis(4-Bethorpplyall) dt-dithiacys-AfhosphetBict age
col umms ref ﬁfsﬁlffd@]ouse of a flash chromatography system supplied by the

Bi ot age Division of the Dyax Corporation enploying prepacked 40g (40s
col un¥s), 9bES isddiednsiicainis pnlyrdrileOg, (75m columms). Elution is carried out

\I,E\Aplt 2 E?X anegftyd cﬁr%%ﬁ&g&aﬁﬂ}%ﬁjﬁ%%gg QG s Yefors 1D Tse of a(,) ﬂar;ixt rogen pressure.
N-[ (1, 1- di neheptatagnaphy)systesoonpplieddby{thé BidbagelDiyisionwiyhd Dyabtispbtaloani ne
methyl  est gﬁlplow}['g ;;rga%ﬂ?.ﬁwg (40s columnns), 90g '(401ﬁ columns) or 800g (75m

columns). Elution is carried out with hexane-ethyl acetate mixtures under 10-15 psi

10 nitrogen pressure.

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

1 NSn

07 O /K

0 O
Mol /4023 - MW e as
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

15
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sol ution of N-[ (1, 1-di net hyl et hoxy) car bonyl ] - 4-i odo- L- pheny| a4 duiar0G4et hy|
ester (5.3 13_mmol) and hexabutylditin (27.5 nL, 54 mmol) in toluene (50
n) was. 8%‘8998&@ ed by alternately freezing the m xture PGI/EPI0/1ERSH d .
nitrogen bath under vacuum and thaw ng under argon (3 x). ’
Tetraki s(tri phenyl phosphi ne) pal | adi um was 20 added (280 ng, 0.22 nmmol) and
the reaction mxture was heated to refle¥ for 45 min as the color changed
fromyellow to black TLC (1:6 ethyl acetate: hexane) indicated the presence

of some starting iodide and an additional portion (140 ng, 0.11 mol) of
the cat al ystofsilis geland elufng mith hesanedfollowed lstll :6 ethyladetate:itvanes tagive N-was

allowed to irAE RIARD t e ' t aken L n _hexane
(200 ni) anc!qé)gh% ri erl\t%gllga ne glgqnﬁ%bu@%ﬁ@]%%%@ﬁ%mgngt?ri | tered.
The filtrat é5-Ms779@b’¢Fcﬂe¢lW@ﬂeh§(dﬁHSM& (GATEHTRIQASNApholt 1083 (2M-C4BI9)si | i ca
gel colum eepphglehng 150 g 4 June 2004 WO 01/42225 PCTI EP00111884 33 of
silica gel and eluting with hexane followed by 1:6 ethyl acetate: hexanes to
gi ve

[ (1, 1-di et pylgifaexy) carbonyl ]-4- ((tributyl)stannyl]-L-phenyl al ani ne net hyl
ester (5.770, %‘7% as a clear oil. LR(+)LSIMS (C27HA7TNO4ASN): mz 1081

(2M C4AHI) %gﬁzfqhmprérsm@oémﬂnel)@rbwyu—ﬂ(Bseﬁmtkq»lamﬂmwsmenﬁu;nynar bony! ]

-4- (1, 3-di methehvidiadidi 0Xo- 5- pyrnm dinyl ) - L-phenyl al anine 10 a) :
Preparation #*SYglgégﬂuracil | odi ne nonochl oride, MeOH reflex 40 h 80/ 1

10 a) Preparation of 5-iodo uracil
(0]
H ' lodine monachloride, MeOH H {
OJ\ et don 80 A
O
H H
CaHNZO2 - C4H3IN2O»p
Mol. Wt.: 112.09 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] O
1 H;C. 1
BN N N
)\)ﬁ/ - A !
(8] N O I;I
H CH,

CHJINO, CHIN,O
Mol Wt.: 237.98 Mol Wh.- 26€.04




0- -f'r OHHCIHAN202 Mo!. W.: 112.09 . CAH31IN202 Mol. W.: 237.98 A
m xture of uracil (28.6 mmol, 3.2 g) and iodine nonochl ori det {4 200l |
7.988 15% i n et hanol (120 m) was refluxed for 40 hr. The sol vent was
removed uN¥@PL422lum and the residue was crystallized frorP@UERNeOSS4at er .
(1:1, 150 nmL.) and stored in the refrigerator for 3 h. The resulting

needl es were collected by filtration and were washed wi th ethanol.-water
(1:1 mxture, 50 nmL), water (30 rnL), he3dane (30 nmL) 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). ElI-HRMS nle

(i a|3 cg for hc;zmaumo( 349dcABcib232, mﬁ% 52833 4nd géa-deﬂaal Bf@ﬂaﬁgég;w&a&fw
i met hy 0 .
S a6, DA B B (F s Rttt fon 24 hshirosmn erwerrreanst o i odo
ur aci | (22 thmbl;bmeaBiegﬁS amm%amg wao hadsl. Theg RhORAMEE nﬁﬁgrerma},l 10. 3
g) in dfo r.oomtenmperature t hen
met hyl i od| égn'f%%; SmHﬁ’Sf %é §?°r‘&§e%§“a{f&€f} Waﬂ?@ﬁrnﬁtlﬁ@ ‘f’%tﬁbg o8&l xt ur e
was s rr ednd ethyhametdnet150 2all). The ]’a?ﬁﬁwte@rﬁﬁpdrﬂkdl’aﬁd #chquasudlaprehsi Nt o wat er
(150 nm) 5 and@c\g ‘:W’(SZ ﬁ]ﬁ:at eté\ﬁjztSO OgL[h]y %E er wer e separated and the
aqueous | ay SFTHAE EtacsEtefidcht ) The ggrmbige gxt)(aciq)\jquﬂyas hedhith onbi ned
extracts webeinesslhaon wid driedéven enlolrois irRAAnIRE. PHOILGHGHHE @H8ng
magnesi-um sul {H:il Filtrati o%q{‘ge\ééhe dr ing, a ent and concentrat’i oh of the
sol vent "gavé&® @ cQrseptatign éF‘I‘qezSQ d pehigh wastarpstellizeddfram .
(3: 1, 150: 50 ethiaholwaad(3si, 05®S5H inl) hh@stb&ﬂrihﬂ&rﬁ&iger&aﬁé&h%h ThESoiRR! 1 ds
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

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

BocH COgMe

Ca1Hz7N306
BocH CO-Me Mol. Wt.: 417.46

015H20FN04
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
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

CgHANSO2
~ Mol. Wt.: 266.04



10 were collected by filtration and washed wi th ethanol :water mxture (3:1,
120 ), vvater (30 mL), hexane (30 nL) and dried under vacuhineo2@®Ht ai n
4.61 g (789 1, 3-dinmethyl 5-iodo uracil as white needles 226- 228C
Lit. 225-2 '&"m’%ynt hetic communi cation 1988, 18, 855-867) PCE&'-"

calcd for C6H7I N202 (M) 266. 0021, found 266.0023. 15 c) Preparation of N
[ (1, 1-dinethylethoxy)carb onyl] -4- [ 1, 3-dinethyl-2,4-di oxo-5-

pyrim dinyl)]-L-phenylal anine nethyl estd&% | 1) Zinc dust, THF, 70 C 3 h
2) Pd(dba)2, TFP, rt,15 h C6H71IN202 Mal. W.: 266.04 (i H27N306 Mbl .

W.: 417.46 C15H201NO4 Mdl. W.: 405.23 To a suspension of zinc dust (30
mol , 2.0 g)iH mm=el, (@XE)MTHE&@ Oadiipahd DA Q0 il Jowasradded eorhegthc0 Mol

0.174 nm) atg S_Sus ted to,60-65 Cwith a

heat gun unt| evé:'}rl I on #iES?,tEF ere gas ‘Qas t§§&°m?%l§§'§ﬂﬁféﬂsemalThl s process

was repeat edempesdunciofty: readtion, mmctmre mp@ﬁ%—ﬁ& AC das tcibelegsthtfnic réactiand

trimet hyl chl | s .,add and. t m Xt ure was

stirred for ﬂaegéérln&ﬁﬁe%é%gg ‘%Eglﬂéﬂ?ag(f&%c?%&?ﬁ?wﬁ??g%te&@? ?rgé’(ﬁ"'@t#‘%nl n

ei t her 5sol vewds capltdito ro®h tqmnpmaqur& aaidaadlrnﬂaﬂoﬂmﬂl.s hg‘HQJMRQjﬁaﬂﬁﬁﬂﬂﬁatH e)

sol ution of %g;%gm fﬁ 130 IuraC| #@E 2004 1/ 42225

PCT/ EPOQ 1] , B8 % q Ef‘(sénf@g?ﬂ? ST 10 ) was

added to thenauendanduetﬂxﬂymafraozﬁmhmhqidﬂlofﬂ&ﬁnmlhe m@@h@icﬂldﬂ&acﬁeﬂiﬁd to 73

C. The inter eratu e; mxt ose 77-78 C; due
sftion HRGE athéndl 0 BECRAGhRR S whoth 308 pat h

to the exothérmc T éac
t enper at ur e mixhiA8 was ﬂduted “Stth‘ 1R (5 ﬁﬁ@ﬁfter cooling to room temperature and the

- 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




5 was cooled to roomtenperature and stirred another 1.5 h. 1H NWR of a
hydrol ysate of a 0.25 nlL aliquot of the nmixture indicated théungd¥dnce of
traces of starting material and iodolysis of a 0.25 niL aliquot of the

m xture gXRO0¥42825 odi de back. The reaction mixture was heImEPWa1%89 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 preparedéi nc conpound (5.5 nmol) was added
to a suspension of Pd(dba)2 (0.07 mmol, 40 ng), trifiiryl phosphine (TFP)
(0.26 mol, 66.6 ng) and Boc-4-iodo-L-phenyl al ani ne nethyl ester (4.5
mmol, 1.823 g) in THE (10 nL) at roomtenperature and the light yellow

i Xt hr.fed h. T i Xt , i nt.c t ur at ed
Brmont um enr oSl ahe g S rher i Sl e S (5 x 50
m_%] . dThe Cowﬁnédfnﬂﬁlﬂ-ip?mﬂalﬁréﬂfmp_@dstw(}lmﬁﬁﬂagl%&@i d} i;pdstom sGgiyed over
anhydr ous nesi.u i Ltrati he drying. agent an
CoanGr?f;[ r at irrgﬁs nga tf@é“%ér@ﬁ%%&@ém?ﬂ@%&?ﬂgoﬁBﬂéd{‘ %mg%awgnburi fied by
col chr eamapagimaping the salbtion wadst@edfof 48U Bthiime, a 1i
(1 l]J.dI o hig;eghagy%c rE)O; " _4({‘8%5;“:1&11 H Bp . , 2 light yellow
1, 3- di met hy P~ HA=H 66! rﬂéﬁﬁ‘?ﬁ re cpllegted By Altrafion andruters washed er as a
white sol i sithixifet69ff6id 41060 yRld)ahp 187.003 €. HHRTABAG: ifHourddks- 1978,
found 418.1965. dt)dPr-(g%ar ation %f ) ) o
4- (1, 3- di metPRERGGd §pdy yacym Andiths wesidye wastrigrpted with dishlopemetbeng| est er .
OT | 4. ON HThe tombiined stids) wiBels tbhtaidel Miné stastiny 2natkiGhiHobre cofBRlll a1l H27N306

Mol . .1 417.46 C16H .19 . W..: 3.84 4 June 2004 WO 01742225
pCT/ BV 11é§§9®edmmethan|§ﬁ%%e m'va?or portion o rie 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



36 A solution of

N-[ (1, 1- di et hyl et hoxy) car bonyl ] - 4- (1, 3-di et hyl - 2, 4- di oxo- 5t J@Er3084di nyl )
- L- phenyl Jret hyl ester (1.94 mmol, 0.811 g) in dioxane (5 rnL) was
treated %{'ﬁggr}gzﬁ\l (5 nL, 20 mol) hydrochtoric acid in diBSEERI041884 00m 5
tenperature and the solution was stirred for 0.5 h. By this time, a light"
yellow precipitate slowy fornmed. The solids were collected by filtration
and were washed with hexane to afford 432 ny (60%vyield), np 187-193 C.
The not her |iquour was concentrated under vacuum and the residue was
triturated with dichloronethane. The conbined solids, which contained sone
starting rmt@pmdh), Theathyl asstete laver wasashedisursessivelyt with warthi@no?Q mIhe naj or

ti fot £ h added to .
Porm a preci T s TAin R ENAAR A28 i, Sl TR BIBPA08 miari™850 oy
(48% of 4-( 1e§iﬂﬁﬁﬂhﬁ§ﬂw2mgd¢m56fq§yrﬁlmﬂom9fghemgwajwhnl ne net hyl

ter hyd | f or. C16H19N304
coter DYarochhgkposal el hieBd e Rl VR SuSRl e ] Uicha

( 2- chl ®r o- 6-colty nen;qzmélm@ affoid 154.5(rhg 8729 yueldjy)lfN2[(4-chloro~6-

di oxo- 5-pyri n er ] . W:
353. 84 cozHﬂH}%%Mﬂ)"BEKB%h%% ‘1_'[‘5“ ﬁh%z%‘(’ff%gts %&Yﬁﬁ‘%‘eﬁﬁf‘%ﬁ%@m
C24H24Cl N3Osnetly jestensgs:a wﬂa& solid:20p 165-45% t&ﬂfHRMS m/e caled for CoHoNz05Cl

4- (1, 3-di net rimdinyl)-L-phenyl al anine nethyl ester

hydr ochl ori cﬁ&%@?ﬁ%?% % go 78%684180 g), 2-chloro-6-nethyl benzoic acid (0.55
mml, 0.084 g) and HBTU (0.6 mml, 0.227 g) in DMV (4 nL) was added

10 f) Preparation of N-[(2-chloro-6-methylphenyl)carbonyl] -4-(1,3-dimethyl-2,4-
dioxo-5-pyrimidinyl)-L-phenylalanine

|
O O~ N
T T
s s
O 0]
NaOH, EtOH
HN" "COoMe  49°c,23n HIV" “COH
oo L
o " cl
eoie e Wi: 45550
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 dissolve 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-



di i sopropyl ethylamne (3.0 mmol, 0.52 nlL) at roomtenperature. After | mn,
everything went into solution and the yell ow dear sol ution whdurg2¢G4ed 15 h
at room 25 tenperature. By this tine, it turned to a brown sol ution was

di 1 ut ed WOPIERRS| acetate 4 June 2004 WO 01142225 PCTI EP®OTHFSgA1887 (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 magnesium sulfate. Filtration of the
drying agent and concentration of the solvent gave the crude product which
was purified hy silica gel 5 colum chromatography to afford 151.5 ng (72%
yi el d) of Nojetiyiphenyhearbonyllet-1(1,8 dimathy)-2 - diory45} pyrimidinyl)-L-phenylalanine

-4-(1, 3-di ; =10 SRy g -] - l.any | ester as
2 to sol Lo etk ARl B HRS s IR SR AR ()

470. 1483, fHRP24.M0und436.1325.1) Preparation of

N-[ ( 2- chl or o- 6- net hyl phenyl ) car bonyl ] -4- (1, 3-di net hyl - 2, 4-

. di oxo0-5-pyrimdinyl)-L-phenyl al ani ne C24H24Cl N305C28H22CI N305 Mol . W:

469. 92\bt . ﬂ&ﬂsﬁm 90 To a suspension

of N-[ (2-chl 506 lephepylrcashonyl ] =-4-( 1..3- di net -2,4 15

di oxo- 5- pyrl?)gﬁp?i‘?ﬁﬁ%?{-(%ﬁenyl%@%ﬁ%@x}%éﬁmgfﬁ]%{% “mmol, 131 ng) in
et hanol  ( 4mathpxyeskylxydeperdyliradhonyl]-D-phesdalanine hydr oxi de (3 nl) at room

t enper at ur e. Tlhe m xture was heated t-o 40-45 C and the resulting clear
solution wag sty rred for 2- 3 h. The ethanol was renoved under reduced
pressure and ue was diluted wth water (20 nL) and NaCH (3 m,
LON) to diss odium salt. The aqueous 20 solution was washed with
ether (50 nmiL) tio rg e any neutral inpurities. The aqueous |ayer was
acidified with©.0 and the product was extracted into ethyl acetate-
(2 x 50 m.). The conbi ngd organi c extracts were washed with brine solution
.and were dried over HiyhyumHs magnesi um sul fate. Filtration of the drying

agent and cdRo atikgn. of the filtrate afforded 107 ng (85% of
N-[(2-chloro-6 4 J 2804 WD 01/ 42225 PCT/ EPOQ 11884

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



38 '

met hyl phenyl ) car bonyl ] - 4- (1, 3- dlnethyl 2) 4- di oxo- 5- pyzi m di iy¥yna 2¢Hdenyl ai a
nine as a white solid: np 234-236 C. El-HRMS nie cal cd for
Cz3H22N303tAPMIAHS 456. 1326, found 456.1326. 5 Exanpl e 3. PCEHERMOAIsdn of 4-
(1, 3-di net hyl - 2, 4- di oxo- 5- pyr|n1d|nyl) }-N [ [ 1-(2-
nethoxyethyl)cyclopentyIJcarbonyI] L-phenylalanine I OyN N, C24H31N306
Mol . W& 457.52 .10 39

4- (1, 3-di et 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-
pyri m di nyl)}-L4iphenyl al ani ne nethyl ester and

1- ( 2- met hox - ?P cycl opentane carboxylic acid (see WO 9910312) using the
general procedur e descrlbed in exanple 2. EI-HRMS mle calcd for
C24H31N305 ( " 458.72292, found 458.2279. 15 Exanple 4. Preparation of

N-[ ( 2- br ono- 6- enyl ) car bonyl | -4-(1, 3-di net hyl - 2, 4- di oxo-
5-pyrimdinyl)-L-phenyl § ani ne 4 June 2004 WO 01/ 42225 PCT/ EP00111884 39 Br
C223~H22Br N3G6  Mp? V%N' 4 N [ (2-brono-6-nethyl phenyl)carbonyl ]
-4-(1,3 - dinethyl 2 di 0X6-5-pyri mdi nyl)- L-phenyl al ani ne was prepared
from4-(1, 3-d net di oxo-5-pyrirnidinyl)]-L-

Br

H,,BriN;0
M 50034

N-[(2-bromo-6-methylphenyl)carbonyl]-4-(1,3-dimethyl-2,4-dioxo- 5—pynm1dmy1)-
L-phenylalanine was prepared from 4-(1,3-dimethyl-2,4-dioxo-5-pyrimidinyl)]-L-
phenylalanine and 2-bromo-6-methylbenzoic acid using the general procedures

5 described in example 2. EI-HRMS m/e caled for CpsH2,N30sBr (M+H) 500.0822,
found 500.0825.

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

MeO.

Br

HoyoBrN3Og
N e o)

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.




phenyl al ani ne and 2- br onp- 6- et hyl benzoi ¢ acid using the general procedures
5 described in exanple 2. ElI-HRMS me calcd for C23H22hBCBBP4€mmﬂéBO4

500. 0822, __ found 500. 0825. Exanple 5. Preparation of N [

(2- br ono- WAy phenyl ) carbonyl ] -4- [ 1,3 -di met hyl - 2, PCTRPO/11884 .
di oxo-5-pyrimdinyl] -L-phenylalanine i Br C Hz2BrN3G6 M W.: 516.34 N |
(2- br ono- 5- et hoxyphenyl ) carbonyl] -4- [ 1, 3-dinethyl-2, 4-di oxo- 5-

pyri m di nyl]-L-phenyl al ani ne was preparéd from 4-[ 1, 3-di met 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 C23HUN3OG6Br (M+H) 516. 0770, found 516.0780. 4 June 2004 WO 01/42225 40

PCT/ EPOQ 1188;. a : - di A L,bonRyl

T (L 5. b 1 or e 0l icerdpbin Rl O 00 Bk i DA 5

Pr epar at i onPyimBlinydib-phegylalaninenet hyl uracil K2C08, Mel, DMF, r.t., 76 h 0
NO X I C5H51N202 C7HOI N202 Mol. W.: 252.01 Mol. W.: 280.06 A mxture
of 5-iodo-6-nethyl uracil (22.18 mmol, 5.58 g) and powdered potassium

car boBat e (®0 Prepsiraticy of$-igfoi 13, OMimethgBumatil . ) was stirred for 24 hat room
tenperature and_t hen nethyl iodide (90.6 nmmol, 3.33 nL) was added. The

reaction 10 Rl X&Hr e~ was LT nog h 76 atlro m t enperat ure and
was poured |§‘§‘§J ce)r (?l(tggbﬁ'ﬁﬂegmgtﬁ 1-?é@%5&r(iq;8nt) The | ayers were
' N~
1

separated an 9ueous
CsHJIN,0, CH,IN,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



| ayer was extracted with ethyl acetate (2 x 100 nL). The conbi ned extracts
were washed with brine solution (150 nL) and dried over anh¥ydusii04
magnesiumsul fate. Filtration of the drying agent and concentration of the
sol vent gVRY¥%BHe solid which 15 was- crystallized from ROTAERIOLES er

(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 ntl..),
water (30 nmL), hexanes (30 nmiL) and driedlunder high vacuumto obtain 5.8 ¢
(93% yield) of 5-iodo-1,3,6-trirethyl uracil as a white solid: np 155-157
C EBEl- HRM5 me calcd for CHI1IN202 (M) 279.9709, found 279.9709. 20 b)

Pr epar ati on of I
N-[ (1, 1-di met hyl et hoxy) carbonyl ]-4-(1, 3,6-trimetyl n2, 4
5-pyri mdinyl)-L-phenyl al ani ne nethyl ester 4 Junel 2044 WO 01/ 42225
O7HSI N202 Mol . W : 280.06 Owve PCT/ EP00/ 11884 HN..-Ng GnH29N306 Mol .
W 431.48 Qp aqsuspehszr@dus#, DAMAC7ORESt (800
(26.0 m.) was , 2-  d2 bird{dba)h Biel) 53. 2 mol , ¥J 3t room

t enper at ur e. 'Lth perisTon Was heated To~60-65 C with a_hdat _gne until
evol ution of &thylent gas ceds observed). 5 The susppn¥fbn Was cooled to
roomtenperature, trinethylchi gi | ane (26.6 nmol . —nLeb Was added and
the m xture wegHMN,Opred for 15 wFh A suspension of 5-iodo-

1,3, 6-trixnétohwt:as@od | (266 mml , X4. yg) in DVA (ZQEH;@IOQ@S warmed to
obtain a clear solution and 1E l 1 n one port'M)(g ﬁ%_h ggeaction

- mixture. After addition, the Nydpewas heated to /0 C' Trie i nternal
tenperature of the reaction m xture 10 rose to 80-85 C due to the

exot her mi ¢ Teactspensiod bEzih€asst (80D inst, 5209 Wi BHE(P&0 nMt) was added 1,2-
dibromoethane (53.2 mmol, 4.58 mL) at room temperature. This suspension was

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-




70 C for 3-4 h at which time TLC of an aliquot which had-been quenched wth
sat urat ed ammoni um chl ori de indicated the absence of startirglur@2id0al . The
reaction mxture was diluted with THE (140 . M.), was cooled to room

t enper at uPe® YU he excess zinc dust was all owed to sett|RCHERRO/188Y h 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 net hyl et hoxyRcar bonyl ] - 4-i odo- L- phenyl al ani ne
nmet hyl ester (186 mml, 75.56 g) in THE (280 nL) at room tenperature and
the light yellow m xture was stirred for 48 h at 50-55 C. The reaction

m xt ur e ‘was (bbbitruhethyl-8.4ediono-Grpytrizoid2tyl)abaphenylabanine ondthiy eswet agdnon and was
extracted with thgl acecéﬁz %Iﬁ 750 meca. The  conbi ned extracts were
washed wi t HEBPTAREUS Bh{E - £l HRVLS mali galed fos ochisNs@n ) 4852050mtpvedi um

sul fate. Fiy3rzmsgon of the drying agent and concentrati on gave the crude
product which was purified by silica gel colum chromatography using a
Biotage (75n) columm to obtain 57.88 g (72% yi el d) of

N[ (151-di ngt Préidtivniofaariosdimethyit? 41di - idirthfFy - infd(dba) 2,
P(tol)3 4 e 004 V\Q&ioi%éz, sthyld o dioxd B pyighi phidfylalénin€
(1,3,6-trinme y1 ostar pdsqehlen tmi di nyl ) - L- phenyl al ani ne nethyl ester as
an anor phous white solid. ElI-HRVS W cal cd for C H29N306 (M) 431. 2056,
found 431.2054. 5 c) Preparation of

4-(1,3,6-trinmetthyl -2, 4-di oxo-5-pyri m di nyl)-L-phenyljal anine methyl ester

hydr ochl ori@er%‘ Pi o01--"N,,, 001 N -~O 4N Q(%L Qji oxane C, H 306
Mol . W.: 4314 'y
4N HCl in dioxane
OMe e
| SJUA rt,1h HCLE,N- N OMe
o—~0 © o)

CHoN;04 ' 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



Ow :go .T,., - .Y-,K.Ov r.t.,1 h 0 C17H22C1IN304 Mol. W.: 367.87 A
portion of the solid 4 June 2004
N-[(1, 1-diyggt thox)r)carbonyl]-4-(1,3,6-trinethyl -2, 4-dioxo- 10
5-pyrim di@lol)i%%ﬁf)henyl al ani ne nethyl ester (17-15 nmmol, 7PETHPOEHEE ned .
above was treated with 4N hydrochloric acid in dioxane (68 mml, 17 nL) at
roomtenperature and the solution was stirred for | h as a white
precipitate formed. The mixture was dil4ted 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-trinmethyl -2, 4-di oxo-5-pyri mdinyl)-L-phenyl al ani ne nethyl ester
hydr ochl ori O as an anor phous yel |l ow solid. FAB- HRl\/Bom e calcd for
C17H21N304 (I 1610, found 332.1617. d) Prepa ﬁ-rrf of
N-[ (2, 6-di chl orjoph ) carbonyl Jm4-4 1, 3, 6-triunet hyl '

5-pyrimdinyl)-L-ph al ani ne t iyl esbmEAdCHIOLE 2008 W L |/ 42225 43 H CE
H2N O C17H22CI N3O4 Me 3 7 Moy G gl C7TH3 Mol . W.:
Ci

209. 46 PCT/ EPOH-€h88% Cil Ove rt,20h OMe
' C;sH,,CIN,O CH,CL,0 0
Mol Wi 36787 Mol Wt:209.46 c10
. CoeHyCLN, O

Mol. Wi.: 504.36
To  suspension of 4-(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine
methyl ester hydrochloride salt (3.12 mmuol, 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



C24H23C12N3G5 Mol . W.: 504.36 To a suspension

of 4- (1, 3,6-trirnethyl -2, 4-di oxo-5-pyrimdinyl)-L-phenyl al ani4héuneniCdy |

ester hydrochloride salt (3.12 mmol, 1.15 g) and 2, 6-di chl orobenzoyl

chlori de WO8Y42R%|, 0.735 g) in dichloronethane (40 ni) vRCI/ERMSESSS

du' sopropyl ethylamne (9.36 mol, 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. To&e resulting brown sol ution was

diluted with dichloronethane (50 nlL). The dichl oronet hane | ayer was washed

successively with 1IN hydrochloric- acid (2 x 50 nmL), saturated sodi um

bi car bonat e soluqﬂgn (50 nm.), and brine solution 10 0 nL) and was dried

over anhydroug. magneei um sul fate. Filtration of the ying agent and

e solvent gave the crude pro *@h was purified by
Ry using a Biotage (40m cqgju tg afford 1.46 ¢

6- di chl or ophenyl ) car bohiyC]

#Zhhoxo_ 5-pyrimdinyl)-L- ph I [ne nmethyl ester

GA HRVS rile calcd for 15 C24HP3C12N305 (MrH)

Pregar at-on—0f—m N OH

ébbnyl] -4-(1,3,6-trinmethyl -2, -gIOX

silica gel
(93% yi el d) ®of
-4-(1,3,6-trinet ;
as an anor phous white solj
504. 1093, found 504. G0&®

‘ 3C12N30C6
Mt. W.: 504.36 O di C23H21 C 2N305 Mol. W.: 49 OH To a

suspensi on of cNy &2 - di chl or ophenyl ) carbonyl ] Cl
-4- (1, 3, 6- t r ipfBe gty Bogadt- di oxo- 5-pyrini di nyl) - L- pheyHgcanime methyl ester
(12 mmol, 1.11 g) in ethanol (12 nL) was added aquédaust.:¥90.3N sodi um

hydr oxi de ('%b g sun} ens?ign ro?ﬁrjf(ﬁ,%ﬁgnrlg}o% gﬁyl)-rcgrei)onyl]-4—(1,3,6-uimethyl-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



5 mxture was heated to 45-50 C and the resulting dear solution was stirred
for approximately 2 h. The ethanol was renoved under reducedJynme2id e and
the resid s diluted with water (50 nL) and NaCH (5 mL, 1.ON) to
di ssol ve t Qoi)%&%m salt. The aqueous sol ution was washed®GIEPPOJARhy |
ether (‘50 nlL) to renobve any neutral inpurities. The aqueous | ayer was
acidified wwth 1.0 N HCl and the product was 10 extracted into ethyl
acetate (2 x 75 nL). The conbi ned organi d5extracts 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 my (90% irglda of |
N[(Z,G-dich?%fo enyl ) carbonyl]-4-(1,3,6-trinethyl-2 0% 0- 5-
pyrim dinyl)- al anine as a whiogg solid: np 225-®2ZL.C ~FAB-HRVE nle
calcd 15 for C2BH2 N305 (W%S?,}éﬁy% £90. 0940. nple 7.
Preparation of N-[[1-(2] met hoxyet hyPXcye| opent yI nyl]-4>¢178, 6-
trimethyl -2, 4- di excorde Py PMPdi nyl Y2 L/ phenybgkaniag PCT/ EPOO
Preparation of 0 o MeO o
N-[[1-(2-net hox;c&p%d,ﬁ cl opemoycﬁi‘éa}zmnyl ]-4-(1,3,6-tri @0
2, 4- di ox0- 5- pyri mﬁ% L- phenyl al ani ne net hyl ester 4 Jun 004 WO
01/ 42225 PCT/ EPO0/ 11884 45 NCO 0.,-N, ~O0 C/H G NA4 Ng%%z@ﬁ_l"ﬂe?ﬂ. 87 Owve +
O Ml. t?d2,22 Ove C7 SN 06 Mt" t: 85 .57 To a suspenstdnurié>-7
4- (1, 3, 6- t r i 4pe Fypension ofddit &.Gtrimethyd-grdioyo- b-pyriemiding) drphenylalanine
methyl ester hydrochloride salt (0.4 mmol, 173 mg), HBTU (0.5 mmol, 189 mg) and
1-(2-methoxyethyl)cyclopentane carboxylic acid (0.5 mmol, 86 mg) in DMF (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 lajrer 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
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



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 muot Jusc2Gd) in
DMF (2 nL) 5 was added diisopropylethylamne (1.2 nmmol, 0.29 nL) at room

t enper at UM@ OLMRR2Sr 5 nin, everything went into sol uti on &QI/EHe/1t8sear

yel l ow solution was stirred for 24 h at roomtenperature. The resulting
dar k-brown solution was diluted with ethyl acetate (30 nlL). The et hyl
acetate | ayer was washed successively wi4h IN hydrochloric acid (2 x 30
m.), saturated sodi um bi carbonate solution (30 nmL), and 10 brine sol ution
(30 mL) and was dried over anhydrous magnesium sulfate. Filtration of the
dryi ng agent and(fd:@ncentrati on of the solvent gagg,the crude product which
was purified oy sili@a gel colum chromat ogrgphynusidng a Bi ot age (40m)
colum to afford I39 ng (72% yi el d) of

N[ [ 1- (2- mepheoxweA cl opentyl] car bonyl ), 4N
trimethyl-2, 2-di dxo-f rimdinyl)-L-phenyl@™ani he
amor phous 15 whi t 7O FAB- HRVB mf e cal cd f orCldeomasiNe06 (M+H) 486. 2604,
found 486.2602. b) Prepalat| f

N-[[I-(2-met hoxyet hyl ) B c|¢9gjt¢§’(f3]carbony|T-4-(1,3, 6- tunfeendl-

2, 4- di oxo- 5- pyr i-Paj e Q.- phenyl al ani ne 4 Juye_20Q4 YO @l/ 42225 46

PCTI EPOO/ 118%4 C26 OF° CO5HVNBOS Mol . W . : ~485. bl® W .: 471.55 To a
suspension of N[[ 1 - met hoxyet hyl ) cycl opent yl ] caronpyl |

-4- (1, 3,6-trinet ey 4- di ox0-5-pyrimdinyl)-L- peeltheg ani ne net hyl ester

2sN2Og

(0.273 mmol., 13%ciMy).: 488.57et hanol (3 nl) was addgg H@le%i%ss 1. 0 N sodium
hydroxide (1.5 nlL) at room5 tenperature. The m xture was heated to 40-45 C

and the reslo ¢ puspensiarnef Nd[1+(3-orethayethsheyclopentyticarbbnil] -41(163, e thinkalyl-Was
removed undgj_ u . Sa\k e the resihdue iluted with water (25
nm.) and Nag% 35&%%%@5‘3%% :i‘s%%ﬂglgiapﬁée %8%‘%% 2&?79 mﬂ‘ﬂé’ JBELE sol ution
was washed efhanel (B wilhyks aldedrqi&hsiil N sbdivnehpirexideyl.6 enll)akoohMpuri ti es.
The agueou idifi W 1 N, HC1. and the pr.oduci was 10
ext ract ed ﬁﬁ%?%thﬁ vyl Bceta gk‘%ghiatg‘gton{(%b ﬁ@%%q’gﬁng?lﬁa&ﬁﬁm@?ﬂﬁéct s
wer e washedtirred 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

ester as an

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 CpsHasN3Og (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



with brine solution (50 nL) and were dried over anhydrous magnesi um
sulfate. Filtration of the drying agent and concentration ofJunee2G0di trate
af forded 121 94% yield) of N-[[1-(2-nethoxyethyl)cycl opentyl]carbonyl )
-4-(1, 3, 6XQPY -2, 4- di oxo-5-pyrimdinyl)-L-phenyl al HGTEPOSA184H

anor phous white sol [ d FAB-HRMS 15 nmf e calcd for C25H33N30G6 ( MtH)

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

N-[ (2- br ono- 6- et hyl phenyl ) car bonyl ] - 4- (4%, 3, 6-

trimethyl -2, 4-di oxo-5-pyrimdinyl)-L- phenyl al anine 4 June 2004 WD 01/42225
47 OH C24H24Br N3C6 PCT/ EPOO/ 11854 Mol . Wt _:514.37 N |

(2- br ono- 6- et hyICﬁﬂaenyI ) carbonyl]-4-(1,3, 6-trimethyl -2, 4- di oxo- 5-

pyrim dinyl) -0z wbal ani ne was prepared from

4-(1,3,6-trimet yI 2, 4-di oxo-5- pyrimdinyl)-L-phenyl al ani ne net hyl ester
and 2- bronD1$ By zoi ¢ acid using 5 the general procedures described
in exanple 7 and ained as a white solid: np 240-242C. FAB-HRMS nn/e
calcd for C24H24 ‘ '

trinmethyl -2, 4-di oxo-p- pyri nfi di nyl ) - L- phenyl al ani ne CH3 O;/Nyo H3C OH
C24H24CI N305 Mol . My P92 N-[(2-chl oro-6-net hyl phenyl ) car bonyl ]

-4-(1, 3,6-trimethy! I 0X0-5- pyrimdinyl)-L-phenyl al ani ne was prepared
from4-(1,3,6-tri Mty gR, 4-di 0xo-5- pyrim dinyl)-L-phenylal ani ne methyl -
ester and 2-chl or@;l_ggmg@yl benzoic acid using

Mol. Wi: 514.37
N-[(2-bromo-6-methylphenyl)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-bromo-6-methylbenzoic acid using
5 the general procedures described in example 7 and was obtained as a white solid: mp
240-242°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
CH

i 32

Oy N0
Y
Nz

H,C

CH,

HN OH

00

Cl
C2H,,CINSO;
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



15 the general procedures described in exanple 7 and was obtained as a
Wwhite solid: np 4 June 2004 WO 01/42225 PCT/ EPOQ 11884 48 2B&ure4iig4
FAB-HRMS rile calcd for C24H24CIN3Cb (M+H) 470. 1483, found 470.1489.
Exanpl e 18Y0PHEE2Y ati on of N-[(2-ethyl - 6- et hyl phenyl ) car Becw/ERooa1gsh, 3, 6-. 5
trinethyl -2, 4-di oxo-5-pyri Fni di nyl)-L-phenyl al ani ne CH3 OH C26H29N305 Mbl'.
W.: 463.53 N [(2-ethyl-6-nethyl phenyl)carbonyl ]
-4-(1,3,6-trinmethyl -2, 4-di oxo-5-pyriraidigyl)- L-phenyl al ani ne was prepared
from4-(1,3,6-trinethyl-2,4-di oxo-5-pyrimdinyl)-L- phenyl al ani ne net hyl
ester and 2-et hyl -6-nmet hyl benzoi c acid using the general 10 procedures
descri bed i r238x407C.eFABHRMSas/xaladi foed, 25,GINVDL (M-+8D) 4761148350 kad- 133C.
ES- HRVB ”1e‘§@|ﬁ for C26H29N3C6 (M+rNa) 494.1498, found 494.1501. Example .
11. Preparat ﬁ "N [[2-(2-nmet hyl et hyl)-6-net hyl phenyl ] car bonyl ] - 4-
(1,3,6-trimethyl-2,4-di oxo-5-pyrimidinyl)-L-phenylalanine CH3 H OH 15
C27H31 N305 | . 0. P 477.55 4ﬁix e1%%04 Q1742225 PCT/ EPO0Q/ 11884 49 N [
[2- (2-met hy‘%'v"g{“ﬁ%ﬁvf - PreRatatiRn gy {h’f Le-mibyiphenyl)carbonylj-4-(1,3,6-
(1,3, 65t ri matimethy?-24-dioxscs-pyrigidihyl)-4l phen)alenpleeny| al ani ne was prepar ed
from4-(1,3,6-trinethyl-2,4-di oxo-5--".pyrimdinyl)-L-phenyl al ani ne net hyl
ester and 2-(2-né§ | et hyl ) - 6- met hyl benzoi c

HCT

CH,

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

CH,
OYN (@)
HSC’N =
CH,
HN OH

CarHzN30;
15 Mol. Wt.: 477.55




acid using the general procedures described in exanple 7 and was obt ai ned
as an 5 anorphous white solid. ES-HRVS m e calcd for CH31N3GGJY

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

N[ (2, 6- dVYQ 8E#8henyl ) car bonyl | -4- (1, 3, 6-tri met hyl - PCT/EP00/11884 .
2, 4-di ox0-5--pyrimdinyl)-L-phenylal anine CH3 OH F C23Hz1F2N3Gs 10 Mol .
W.: 457.43 N |

(2, 6-di fluorophenyl)carbonyl }-4-(1, 3, 6-t4% net hyl - 2, 4- di oxo-5-pyri rni di nyl)
-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- di f INdiZbzmrethdethyl)-¢-wsthplpheing]caboeyii4- (156 edmetyl-2 dediexdsed in

exanple 7 a - bt Al as..: rph whj lid, - r:nle:
caicd for CHTBRRAEL -PEE%EM%H?%???%ag@-&%@?%w@%%#ﬁ?@%
Pr epar at i on RytinNdjnyD-E-phemydel§aife miethyl estaymat By(2)pbrhpletHyt)as-Bostlyiberfroic

1,3,6-tri - - di -5 I mydi nyly)-L-phe aiani ne 4 June 2004 WO
(()1/ 42225 Pg?%@%%g gﬁ'?%% P&% G%méi%g,@%gpﬂﬁbﬁn_d Wi Obtagnid apany [
( 2-f | uoro- GquTPhdJmhmoﬁ#-l B&aw l)nf,acallndrfyf %H31N305 (M+Na) 500.2156,
-4-(1,3,6-trg &gbﬂ é?ﬁJdioxo-S- pyri m di nyl)-L-phenyl al ani ne was prepared
from4-(1, 3,ﬂé‘§$r| mé% yl -2, 4-di oxo-5- pyrimdinyl)-L-phenyl al ani ne net hyl
ester and 2-fluoro-6-(trifluoromethyl)benzoic 5 acid using the general

rocedur es i in_exa 7..and.was pbt ai ned ite olid: np
D18. 220C. E@Mﬁ%ﬁ?ﬁ%ﬁdﬁ%ﬁé&gﬁ%ﬁ@ Yﬁwﬁaﬁﬁéﬁ;%ﬁ,ﬂmﬁ%nd
530.1317. Exafiozo-B4pyrinidiel Bl iphenylélanine ‘
N[[2,6-di-(2- meté]_yl et hyl ) phenyl ] carbonyl]-4-(1, 3, 6-

]

Of N0
Y

Hsc'N Z

. 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



10 trinmethyl -2, 4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne CH3 OH CCH35N3Cb

Mol . W.: 505.61 N 4 June 2004
[ 2, 6-di - (2-nethyl ethyl)phenyl]carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyri m di nWO 0¥428¥feny| al ani ne was prepared from PCT/EP00/11884

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

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

of N-[ (2-chl oro- 6-@{3hyl phenyl ) carbonyl]-4-(1,3,6- 5

trinmethyl -2, 4odi ax0-8- pyri m di nyl)-L-phenyl al ani ne a) Preparation

of N- (2- chl or o- Jor obenzyl i di ne) butyl am ne (Ro 50-5007/000, 30935-229)
Cl G 1H13C R , 213.68 10 To a suspension of

2-chl oro-6-fl% ehyde (416 mol, 66 g) in heptanes (200 nlL) was
armol , 45.5 nl) at ‘roomtenperature. After

solution was stirred £ 3ffh at roomtenperature, was transferred into a
separatory funnel, was ~asbed with brine solution (200 nL) and was dried
over anhydrous magij um 15 sulfate. Filtration of the drying agent and

concentration gave lbow 0i | which was purified by distillation under

hi gh vacuum (bp 96-%?%4 5 mMmmHg) to obtain 86.31 g (97%yield)
of N- (2-chl oro- 6-f FdAe e(?ﬁzyl i dine)butyl amne as an yellow oil. ElI- HRMS
me calcd for C1YPhWEINEMWr) 213.0720, found 213.0714. 20 b) Preparation

of 2-chl or op6f(etflyoréerEafiesdidehyl)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



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

N- ( 2- chl or o- 6- $uor ar obenzyl i di ne) butyl amine (15 mmol, 3.21 4yunen200HE ( 20
n.) was added drogvvi se a solution of eth)], nagnesi um brom de (30 nmol, 30
m, 1M i P8 maintaining the tenperature at 5-15C. Af PEFEBRIB%0Nn: t he
4 June 2004 WD 01142225 PCT/EPOQ/ 11884 52 reaction m xture 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 8topw se while maintaining 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 dil ut ed #wmerphans white saidaEy- S exe calod fod CasHBNeDH+Naxs3L 8102 X 50
m.). The com{?gggo_%ﬁacts were washed with brine solution (100 nL) and
dried over anhydrous magnesium sulfate. Filtration of the drying agent and
concentration gave 2.27 g (90%yield) of 2-chloro-6-ethyl benzal dehyde as

an yel | ow oi 5 : 1140 k 167. 0264 und 167. 0263.
10 ¢) Prepar%’ﬁ A ioig.%ﬁﬁﬁﬁoﬁi@@?&%{ﬂl@@@%&% 3“&{335’136-@,;’ Hocl 02 Mol .
W.: 184. 62 tmethyl@etrdicxodeprimidinyd)bphesyldanint

2- chl or 0- 6- ehhyl henza [ . D I 227 i n_acetonitrile (25 nl)
was added aeés)o?gﬁ% on %%%%ﬁ% aéﬁ%éégc%g?ol}jﬁ %8%&@%@%“634 mmol , 0.465 g)
in water (7.@Raf0)5008/000y#33592Hydr ogen peroxide (1.8 m, 30%. Then, a
solution of sodiumchlorite (23.7 mmol, 2.15 g) in water (20 nlL) was added

dropwise at 0 C while nmaintaining the tenperature below 3C. After addition,
the vyellow susp ' stirred for 15 h at 0OC to roomtenperature. At

this time TL& F

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




~analysis of the mxture indicated the absence of starting material. Then, a
solution of 20 sodiumbisulfite (20.5 nrnol, 2.8 g) in vvater4€11f(932ﬁ_0)4 was
added dro%vvm se at 0 C until the yellow col or di sappeared (KI-paper
positive) WEBHIZYy is essential to control the exotherni PGHERODIIAE Aft er
1 h, the solvent was renoved under vacuum The neutral inpurities were
extract ed with diethyl ether (200 nmL). Then, the basic aqueous sol ution
was neutralized with 10% HC1L 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. EI-HRVE e
cal cd for GeHIGLORIX{uvk Wad AlbvaAdd wa&muaao@&ld)ﬁ%m&dluxnshzﬂ%, W91/ 42225

53 PCTI EPOO o h I b I

e (1 3, 6o R PO O Bt Hctin ates (STl Raradt Sebmecnli | oot ot

’P]IC—E%1 (E) 3N6 -malﬁtaﬁhlﬁ?g-lﬂxh e@?ﬁpﬁﬁﬁ:é\lg%w Mmﬂiﬁce ba‘tﬁZe&ﬁ) T.th@rﬁﬁﬁﬁi'ﬂieoﬂ I

o tri i 0X0 ri i ne. 5_net

ester hydroc Ofl&é‘s ed ngnﬁ'r"rBF Tg‘%“%%t&r eﬁ&g @eﬁg‘fyand

3 chl of o- 6I Mdsylﬂb&dmhm{ag%(ds (oBL Y ari@Tettrat@d wrﬂi eth{f d@éﬁte((a xréie)mmﬁq‘gfa?cei red5

||so ro room enper at ur e.
pevgyytcﬁfn%’ @eeﬁﬁ ﬁ(th’tvﬁreégﬁsnﬁ?‘#m@iﬁ‘ﬂef‘h@ g@\/@@l‘ﬂ’ﬁ on was

t d for abhydroat magmesiuni Biltthgon JHthe AB64Y ddeRBartiPddachiei ti

\?va!srglﬁ ut ggl ){E&; grr?a cﬁe&ig grﬁﬁ?:ne?l © ge etgh i acec{ﬁatb% Ianzg?{réj/valson

washed succggg ﬁ ’&i@ﬁ “BERY dehy EESWY@GWrﬁ_ %‘E%Mga%/éd sodi um

bi car bonatecggaggrlcgﬁg@%p M‘*? aﬁt'%e 4 H“?a 1§9b%§ on (30 nlL) and was dried

over anhydrous magnesi um su ration of the drying agent and
conceMration of the solvent gave the crude product which was purified by

i|7|5| ca (gg!ycy:ﬂ:éﬁ;gaﬁgggfﬁamgf@g%ﬂgéﬁ&cg ﬁi otage (40m colum to afford

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.



15 yield) of ‘

N-[ (2- chl or o- 6- et hyl phenyl ) car bonyl ]-4-(1, 3, 6-tri net hyl - 2, 4-Hiunec204
pyrim din Ié- L- phenyl al ani ne nethyl ester as an anorphous white solid.

ES- HRVB ?(W U2y for C26H28CI N30$ (M+Na) 520.1611, foundPGUEPOPHISS: ¢)
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 C25H2GCI N3C6 Mol . W.: 488.94 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 mdi nyl)-L-phenyl al ani ne nmethyl ester (0.33 nenol, 164 ng) in
et hanol (2 dLPrepamtiodéi-H3ieblore-ttethylbhandlicarbionyld o, 3)6-téithethytR4- at r oom
tenmperature. 5;The 41 a6 stinrned for h.,at roomtenperature. The

et hanol was re%%gﬁﬁl%fé%%g&%gaﬁ%}?%@gﬂl?eé%éﬁﬁe’i he residue was dil uted

w th water (30 rrﬂ‘é)‘s. The aqueous solution was washed with diethyl ether
(30 m.). to remueNape neutral inpurities. The aqueous |ayer was acidified
with 1.0 N HO and {t he product was extracted into ethyl acetate (2 x 35
m.). The corqtpion'é @R C extracts were washed with brine 10 solution (50
n) and were dried, oV nhydr ous magnesium sulfate. Filtration of the

d-aHyr bonyl | :
i oOfo-5-pyrimdinyl)-L- phenylalanine as a white
We calcd for Cz5H26C N3G6 ( M+Na) 506. 1459,

of N-[(2- chl oro-6-ethyl
-4-(1,3,6-trinethyl -9 4
solid: np 187-190C. A=
found 506. 1455. 15 pl e 16. Preparation
of N[ (2-chl or o- 6- progyshenyl ) car bonyl ]-4-(1, 3, 6-
trinmethyl -2, 4-di oxo-5-pyri mdin)l)-L-phenylal anine a. Preparation of
2- chl or o- 6- pr opyl Benzgh\?oaci d. CO2H 20

26" ‘28 35

Mol. Wht.: 497.98

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 CygHsCIN3Os (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



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 hdhep?@dy|
nagne3|un1bron1de usi ng the general procedure described in exanple 15. 5
b. Prepar 3@ 8H422 PCT/EP00/11884

of N-[ (2- chl or 0- 6- pr opyl phenyl ) carbonyl ]-4-(1, 3,6-trirnethyl -2, 4-

di oxo-5-pyri m di nyl)-L-phenyl al anine CH3 OH C26H2BCI N3BC6 Mol . W.: 497.97
N-. [ (2-chloro-6-propyl phenyl)carbonyl] 544-(1, 3,6-trinethyl -2, 4- di oxo- 5-
pyrirnidinyI)-L-phenyIaIanine was prepared from

4-(1,3,6-trirnethyl -2, 4-di oxo-5- 10 pyrirnidinyl)-L-phenylal ani ne nmethyl
ester and 2- chloﬂm+6 propylben20|c acid using the general procedures
described in @ .rul—.15 and was obtained as a white solid: np 225-227C.
ES-HRMS ml e caljcd for C26HnCI N3G6 (M+Na) 520.1611, found 520.1615. 15
Exampl e 17. ﬁ z %, 0f N-[ [ 2-chl or 0- 6- (2- net hyl et hyl ) phenyl ] car bonyl ] - 4-
(1,3,6-trinmet ylcﬁg4 X0-5-pyri mdinyl)-L-phenylaianine a. Preparation
of 2-chl oro-6-(2- Nyl ) benzoic acid. CO2H CI Mol ecul ar Wi ght =155. 56
Mol ecul ar Fornmula = C7THACL02 44 June 2004 WO 01/42225 PCT/ EPOO/ 11884 56

¢

2-chl or o- 6- ( 2- met hyl ) Bgnzoic acid was prepared from 2-fl uoro- 6-
chl or obenzi | i di ne) 8i(me and i sopropyl nmagnesi um brom de using the
gener al
C,sH,.CIN,O,
Mol. Wt.: 483.94

To a suspension of N-[(2-chloro-6-ethylphenyl)carbonyl]-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 b at room temperature. 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




procedure described in exanple 15. b. Preparation of

N-[[ 2-chl or 0- 6- ( 2- met hyl et hyl ) phenyl ] car bonyl ] --4-( I, 3, 6- 5 June2004
trinmethyl -2, 4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne CH3 H3 C26H28CI N3C5
Mot . W .: WOPIERZEH N [[ 2- chl or 0- 6- ( 2- et hyl et hyl ) pheny| | PCI/EP00/11884 .
carbonyl]-4-(1, 3,6-t dnethyl -2, 4-di oxo-5- pyrimdinyl)-L-phenylal ani ne was
prepared from4-(1, 3,6-trinmethyl-2,4-di oxo-5- pyrimdinyl)-L-phenyl al ani ne
met hyl ester and 2-chl oro-6-(2-net hyl et hyss) benzoi ¢ 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- 163-FhicEsdnpropylbenzolé dcid was prepared from 2-fluoro-6-chlorobenzilidine)-

2, 6-di chl or | 1.-4- (.1, 3-di ethyl.- 6z net hyl -2, 4-di oxo- _15 .
z(s- pyri ni di nyﬁﬁﬁ%ée%ﬁ gll%%ll ’]r‘n‘%*‘g‘“a“%l 3%‘8&%‘@?%%‘?5%8811%31 procedure described in
5-i odo- 1, 3- deXemipl¢ 15-net hyl uracil ONy 4 Oy N O CH3 CSHSIN202 Mot. W.:
252.01 r T CH3 COH13I N2O2 Mbt. W.: 308.12 4 June 2004 WO 01/42225

PCT/ EPOO/ 11884 57 To a suspension of 5-iodo-6-nethyl uracil (20.97 mol,
5.45 gp and bommom@dﬂmma&-bmm;&eﬁﬁmdml],4-@1,2,3-@%&9,,1@42 (188

m.) was added |- iodid 3.,88 r;r]ml, 6.7 nl.). The reaction m xture was
stirred for 15 &)zét5 Pgrélf’?fﬁnylsi' henylalanirie

CH,

i 3

O N0
Y
Ho NN

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



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

sol uti on M@BYH23S and were dried over anhydrous magnesi urRGIEROQ(18884
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%yvyield) of 5-iodo-1, 3-36 et hyl -6-nethyl 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

l(;l— [ (1, é di n@t—dﬂduettlh()%medanléthylyjlehzdic é&d&mdbﬁdpbﬁéﬁﬁﬁ;mtﬁwﬁoég ﬁ-/ CC]—I731N202
|oxo pyri n ani,ne net ester

w. P 5o b e384 apTeps) neshsaiie Geomds singg the sangpalag o a
suspen5| on @&oczdmdﬂ:s&ibed&ﬁeﬁn@ﬂeﬂs 96 g) in THE (3 nL) was added 1, 2-

di br onoet hape ture. suspensi on was
heated to 6 E%p fngo?ﬁfg ﬁgépﬂéﬁﬁ'@ﬁfﬁ%@%ﬁmﬁi&@oéf SAZJnéﬁgas ceased.
The suspensiimathyhg,4edioteb-pydimidiat) e pheiyhtdtige tri methyl chlorosilane (1.5
mmol, 0.19 20 nL s added and the mxture was stirred for 15 mn. A
suspensi on of 5- nodo 1,3- diethyl-6-nethyl uracil (11 mmol, 3.39 g) in DVA
(6 nm.) was waf Oobtain a clear solution and was added in one portion
to the reactio ture. After addition, the mxture was heated to 70 C
The i nt er naH;€e of the reaction mxture

C,sHosCINGO,
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 0

HN\I,II > NWZl
CH, r CH,

CeHeINLO, CoHyaiN,0,

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




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

mai nt ai ned at 4 June 2004 WD 01/42225 PCT/ EP00/ 11884 58 70 4J4rer2008 h at
which tinme_the TLC anal ysis of an aliquot of the reaction m xture, which
was quencEQO¥#325 sat ur at ed ammoni um chl ori de sol ution, i NBCHEPMIISHe
absence of starting material. The reaction mxture was diluted with THE (6
mL) and the reaction mxture was cooled to roomtenperature. The excess
zinc dust was 5 allowed to settle. The s&t ution contai ning the above
prepared zinc conpound (11 nmol) was added to a solution of Pd(dba)2 (0.14
nmrol, 80 ng), trif nyl phosphine (TFP) (0.52 mml, 134 ng) and

N-[ (1, 1- di nmefda/suspénsion)of aribdondhinethyl melcil Lzo;:ﬂTenyioé,ISaam fendgidderedst er (9

mlt ur g- \?gsq:) ﬁfﬁuﬁ Fr eg’ ?1(-)(35061 Pgﬁbggﬂgﬁf@ﬁ%ﬁgﬁﬂ gﬁg@ %F‘}E]tlé&l | it

pour ed i nt o (8. S&Mcﬂlﬁeﬂnﬁrﬁfﬂiﬁmxnﬁﬂmmmiemhmre@fbr(ﬂs(lfhﬂi‘bt)mand was
extracted w.th_et et at e The | ned wer e
washed wit ht PPé s% U W@%%g"ﬁya%?ﬁg}% aﬁ?fﬁtf %giﬁr%ﬁem um
sul fat®. Fi ldyestwaresepbratdueardrtise aguengsehiyerard e&&ﬁaedilivﬁt&tddgfll ac@ﬁt‘@zk'ﬂ@o crude

duct whi f | h 15
Bl ot age col T TaoRyRYRtS et ess B0 i brind sefiism Glog g gt were 1 "9 2
Ty | ol e T o1 e eyl ek and Dk e
cal cg fo)r/ éﬁ%@ﬁg&g ﬁ/ﬁl@i&igg& %@ﬁ‘ (ﬁﬂ’d‘a 352‘5@6‘5‘:&9@‘%&1@% gk i on of
st of hyar oghl ot de Sl okt O EYOF mogbwdi'ml’bd“ TN AT T
es
ol ut 1On of RFet 2 § HF etrmiltie Selig PR RO - M LRNR B Aeadoret byl - 2.4

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

OYN o)
N, _~
L
'CH,
CyH,4IN,0,
Mol. Wt.: 308.12 O—-CH CaaHzsN3Og
ﬂ\ H/IL 3 Mol. Wt.: 459.54
0o ©

15
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,
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



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 mL) was added 4N hydrochloric acid in di oxarkeJyz®RMdol, 5

mL) at rogm4 June 2004 WO 01/42225 PCTI EPOO/ 11884 59 tenperature and the

solution WE@WHI23 ed-for .1 h. The solution was concent r at BET/EPM/118%s

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 dp§of

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

] ?|(-|25N3cfl)4 (M edpr BBBiaW'Bﬁhb ti‘meluﬂﬂ H@anth@dﬁ of ﬁﬂ i'ﬂﬂilﬁﬂ of %Ieir%ti@ﬁ mixture,

N[(2,6-dic r en a -4-(1, 3-diet -.§- net -2,.4- ‘

0 oxo. 5- pyr i AR Aot S BRLHDR St nienyie: elfogds eluedn ipdicistdhes 10 nol

W .: 532. 42 dbserme sfistprtinginmatendd]. The reaction mixture was diluted with THF (6 mL) and

4- (1, 3-diethyl-6-netyl.-2. 4-di oxp-5-pyrimdinyl)-|- phenyl al ani ne net hyl

ester hydrocr:%f?f)erafz%oenéwe(vffs‘fgo ?Pg%n? er%WEC‘%PSgW%g%Eﬁ%oyI

chl oriBle (0.#éwndrd settle. 175 g) in dichl oronethane (2 nmL) was added

di i sopropyl eg;hyl am ne (3.03 ,..0.53 .at roomtenperature. After 5

mn, 15 eve?lilkleyf’ﬁaoﬁéﬂ{’taﬂlﬁ%%:bﬂﬁ B‘?‘?P%f% &OREPRD &II‘BW wastadded toas

stirred for alldtioatof Pd(dia) (@rdanaiol) 80 mgleififpHospiide PTERYT0 SO ithb0 fsas

diluted with &,:“([‘:’Hll\?‘rl{ﬁh tha%ﬁ 1 s9325 n% Te di_.chl oy onet hane | ayer was washed

successi vel Y& n@d’r‘ﬁ igthoxy)catbogyll-4-ipdod - phenylalaping metkiyl estea(Qm

bi car bonat e mmbl)Bi661g) (X PHFI(S mIrd réirh MenSehthré MY the Aighielloixias wds | ed

over ﬁhydmﬁg ﬁfﬁg&gﬁsu%zﬁl%aig. Filtration of the drying 20 agent and

concehtrat i SHS Prent “gaderanionmygrresrapoaredpfansaisteduri fi ed by

silica gel clhmemtaghivride sohitid (2001 288 wadB&acked witlethfl RELRTE x9540 9

(99% yi el d) f,gﬁl-% . ) ) ) )

(2, 6 di chl oPEONTRY foEbins AFacsaere washedaviflybuins sobitiop (150 mldjepd drisd

pyri m di nyl Jovérsahpdisus high&uietifstt. Flita6n 86t AR hLARP S %H&Eué&ﬁéigd

ES-HRMS nie calcd for ?&HZLCBI\BO%I\QF@E)_ 554,1221° found 554, 1229. 4

June 2004 &avethecrude product which was purified by silica gel column chromatography

15 using a Biotage column (40m) to obtain 1.78 g (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 calcd for
C24H33N305 (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



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

(2, 6-di chl orophenyl ) carbonyl] -4-(1,3-diethyl -6-nethyl -2, 4- 4June 2004
clioxo-5-pyrimdinyl)-L-phenylal anine OH CI C25H25C6N3C6 Mdt. W.: 518. 39
5 To a susWeA¥H#R50f N [ (2, 6-di chl orophenyl ) car bonyl ] PCI/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 nl) was added aqueous 1.0 N sodium
hydroxide (1.5 mL) at roomtenperature. BBe 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 m.) and tea@er{t@rend theddfudion Wisssioteddot hh. Hedolutioaatds cdh@naatedaud

| uti L4 R di I h tral
pur 1 e, fREEEL sh Gy LR, coRETa e il i SR oSt Y e r oduct
vvats ext ract ezhd thtmeséchiehgalrs] daie_ébafaeo(alzy &aﬂ&ambg)a.ndi?@ mnd mhf%@g?flgam% \(3 o
extracts wer el ut,i . dr,]
anhydr ous naagfﬁo\é@i%%gs@?%ﬂfgqj ‘gﬁ'g%ﬂe@wff&&%@%’? Cﬁ%ﬂ'ﬁ@’ﬂi‘&%ﬁ‘m’ﬁﬂd
C(Z)n(éeg_ﬁr ﬁf i ophenflalanéne méthylaser hf&mtldeﬂdé%ﬁt 439n 8 h/c?lglgéjgldaﬂ;-HRMSS mie i

, 6-di chlorg I -4 - - - 6- -2, 4-di oxo-5-pyrimdin
§/I ) - L-phenyﬁagﬁﬁ:fﬁﬂﬁ‘gig&gﬂ)(wﬁa%gai-jﬁn??’b‘}gs%gilggéEé- HRVS rol e cal (F:)é for
C25H25C12N305 ( M+Na) 541.3921, found 541.3925. 20 Exanple 19. Preparation

fN-[ (2-chl »0- et hyl I bonyl 1-4- (.1, 3:.di et hyJ, -

6. meE é\yl E:2, &4 ?’6??%‘?%{%%? Fﬁ%t ﬁ@@"?{ﬁf’ﬁlﬁ%‘%ﬁ&bﬁ%r%ﬁ%ﬁqﬂﬂé&mﬁ%ﬂ’%f
N- [ (2- chl or o- 6 divbHspptieidihyl pbrphenylhbnire (etByl@stet hy! - 6- met hyl -

2, 4- di oxo-5-pyri m di nyl)-L-phenyl al ani ne nethyl ester 4 June 2004 WO
01/ 42225 PCTI EP§O/ 11884 61 C27H30CI N3Ch

o

YNO

cl

c261»127(}2"\‘?3()5
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.



Moll. W.: 512.00 To a suspensi on of

"~ 4-(1, 3-di et hyl - 6-net hyl - 2, 4-di oxo-5-pyri m di nyl)-L- phenyl al hdinee2G6t hyl
ester hydrochloride salt (0.758 nmol, 300 ng), HBTU (0.84 5 nmol, 318 np)
and 2- chl 8Y@9842%%t hyl benzoic acid (0.84 mmol, 142 ng) in DNEVERO/1088% 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. Tgge 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 anhydro magnesi u fat FilJ]tration of the drying agent and
concentr at i st%rﬁgg’af‘ﬂ’éc’gfr‘]mﬁ%'%&? b errbap 14l disthybg-methyl-2.4- gel

chr omat ogr aphydiusé-Sepy@inBiRypdephdffladisd Um to afford 380 ng (98% yield)
of N-[(2-chl oro-6-nethyl phenyl ?car bonyl]-4-(1, 3-diethyl- 6-nethyl-2,4 15

di oxo- 5-pyri m\d~|l nyl ) - L- phenyl al ani ne nmet hyl “ester as an anor phous white
solid. ES- KRMnM @ cal cd for C27H30CLN305 (M+Na) 535.1026, found 535.1024.
b) Preparati oy off

(2-chl oro- 6- -
2, 4- di oxo- 5-|pyrI m
C26H28C1N3 Nttt

| ) carbonyl ]-4-(1, 3-di et hyl - 6- net hyl -
) - L- phenyl al ani ne 20 4 June 2004 WD 01/42225 62 OH
We7~497. 97 PCT/ EPOQ 11884 To a suspensi on of
N-[ (2-chl or o- 6- net hyl ph nylaﬁar bonyl ] -4-(1, 3-di et hyl - 6- et hyl -
2, 4-di oxo-5-pyri m @i ") -y-phenyl al ani ne net hyl ester (0.82 mol, 420 ny)
in ethanol (2 nlL) lpassadded aqueous 1.0 N sodi um hydroxide (1.6 nL) at
roomb5 terrperatur he®n xture was heated to 50 C and the resul ting dear
sol ution was stinre éﬁor 2 h. The ethanol was renoved under reduced
pressure and th; ri_ﬁzd e was diluted with water (25 niL) and NaCOH (3 ni,
LAN) to dissol vezt Wi um salt. The
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 with 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-dichlorophenyl)carbonyl}-4-( 1,3-diethyl-6-methyl-2,4-dioxo-5-pyrimidinyl)-
L-phenylalanine as an amorphous white solid. ES-HRMS m/e calcd for
CastsClNOs (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



aqueous sol ution was washed with diethyl ether (30 nL) to renove any
neutral inmpurities. The aqueous |ayer was acidified with 1.048uneG008nd t he
product was 10 extracted into ethyl acetate (2 x 25 nL). The conbi ned
organi c eXtQ4¥#282%ere washed with brine solution (50 nml) REHERSHessdri ed .
over anhydrous magnesium sulfate. Filtration of the drying agent and '
concentration of the filtrate afforded 277 ng (68% vyield) of N |

(2-chl or o- 6- net hyl phenyl) carb onyl] -4-¢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 of 4-(1,3-diethyl-6-nethyl-2,4-dioxo-5-pyrimdinyl)-N [ [

1- (2- nmet hoxyet hyl ) cycl opentyl] carbonyl]-L-phenyl al anine 4 June 2004 WO
01142225 63 OH™RCT/ EP(c) O 11884 C27H37N30C6 Mol . W.: 499.60 4-

(1, 3-di et hylp6-met lyyl - 2, 4-di oxo-5-pyrfmdinyl)-N- [ [ 1- (2-nethoxyethyl) -
cyclopentyl] darb - L- phenyl al ani ne was prepared from

. 4-(1,3-dieth N | - 2, 4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne net hyl
ester and 1-[2-net hpxyethyl) 5 cycl opentane carboxylic acid using the
general procedu Bs 0 i bed in exanple 19 and was obtained as an

anor phous white solid. HRVE nn/e calcd for C27H37N306 (MrNa) 522. 2575,
found 522.2581. ExayrpHi TN ,

1- (2, 6-di chl or opheryl Jear bonyl ] - 4- (1, 3-di net hyl - 2, 4- di oxo-6- 10
(trifluoronethyl) "'dinyI)-L-phenyIaIanine a) Preparation of
3-nethyl-6-(trifl
C6H$F3N202

CorHggCIN,O,
Mol. Wt.: 512,00

To a suspension of 4-(1,3-diethyl-6-methyl-2,4-dioxo-5-pyrimidinyl)-L-
phenylalanine methyl ester hydrochloride 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



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-anmino- 4,4,4-trifluorocrotonate (55 nundlJune®004g) in
DMSO (19 ni, dried over nolecular sieves) was added nethyl isocyanate (55
mol , 3. 2W§ 04322550 (2.5 nlL) over 15 nmin at 20 C. The sECQWERIN1183$
stirred for 15 mn and then another portion of sodium nethoxide (27.5
nmmol, 1.34 g) was added. After stirring for 15 mn at 20 C, nethyl 4 June
2004 WO 01/ 42225 PCT/ EPO0O/ 11884 64 isocyznate (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 suspension was poured into water (50 nL) to obtain a light yellow
solution. The neutral inpurities were extracted into diethyl ether (3 x 5
50 nl). The©, e | ayer was acidified with concentrated hydrochloric acid
to afford a e solid. The solids were collected by filtration and were
washed with : ter air drying, 6.79 g (63%yield) of

3- et hyl - 6- tridl.lau thyl)uracil was obtained as a white solid: nip
235-237 C. El-HRVB al cd for C6HS5F3N202 (M+) 194. 0303, found 194. 0303.
10 b) Preparation gf i@et hyl -6- (trifluoromethyl)uracil | OyNyO "IN, r
CF3 C, H7/F3N202 Molr. .:1208. 14 To a suspensi on of

3-met hyl -6- (trif |0 9 9I Juracil (20.6 mmol, 4.0,g) and powdered

pot asstum car bon 41.2 ni.nol, 5.7 g) in DVE (30 nL) was added 15 net hyl
iodide (82.4 mol ,~™5.13 nL). Then, the reaction m xture was refluxed for. 4
h at which ti mE€gHheCINIOL anal ysis of the reaction mxture indicated the
absence of st aMdliwy:-49a2ri al. The reaction m xture was cooled to room

tenmperat urepan gus\f)\@r?sion 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

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



diluted with water (50 nmL). Then, the DVE was renoved under reduced
pressure to afford a white suspension. The solids were col |4&dired2(id
filtration and washed with 20 water. After air drying, 3.55 g (83%yield)
of 1, 3-di MRMAZE (trifluoronethyl)uracil was obtai ned aPCI/ERIMESSSOl 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 met hyl -5-iodo-6-(trifluoromethyl)uéiacil NS, CF3CO2H, (CF3CO) 20
reflux, 15 h CF3 C7H7F3N202 Mol. W.: 208.14 PCT/ EP0OO/ 11884 C. 7H6F31 N2C2
Mol. W.: 334.03 A mxture of 1,3-dinmethyl-6-(trifluoronethyl)uracil (16.91
mml , 3.52 g),ntrifl uoroacetic acid (20 nmL.) and trifluoroacetic anhydride
(5 nm) was refluxed for 55 mn. Then, NIS (16.91 muvl, 3.8 g) was added
and the res i xture was stirred for 15 h at which time the TLC

anal ysis of the Leactjon mxture indicated the presence of sone starting
material - Anpthé&r p on of NIS (8.45 mmol, 1.9 g) was added and refl ux
was continued fGQH,a r 5 h. The reaction m xture was cooled to room
tenperature and was pourpd slowy into a saturated potassium carbonate 10
sol ution (100 znL). Thgr g8 um thiosulfite sol ution was added to renove
the excess iodnne col gr. AThe resulting solids were collected by filtration
and washed wi th P Q\iter air drying, 3.73 g (66%yield) of

1, 3-di met hyl - 5-i odo trifluoronethyl)uracil was obtained as a white
solid np 149-151 C -HRMS rn/e calcd for C7H6P3I N202 (M+) 333. 9426,
found 333.9436. 1&HYNLeparati on of

N-[ (1, 1-di met hyMet Maxyyenr bonyl ] - 4- (1, 3-di net hyl - 2, 4- di oxo- 6-

4-(1,3-diethyl-6-methyl-2,4-dioxo-5-pyrimidinyl)-N -[[1-(2-methoxyethyl)-
cyclopentyl]carbonyl}-L-phenylalanine was i)repared 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.

T

_ 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



(trifluoromethyl)-5-pyrimdinyl)-L-phenylal ani ne nethyl ester CF3
C7TH6F31N202 Mol . W.: 334.03 O CH3 C22H26F3N30C6 Mbl. W.: 48%unts20b4june
2004 WO 01142225 PCTI EPOO 11884 66 To a suspension of zinc dust (33 mol,
1.96 g) i VOME22 1) was added 1, 2- di bronpet hane (3 mmpIPCTEPR@/118%4) 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
tenmperature, trimethylrhlorosilane (1.564n0l, 0.19 5 m.) was added and the
m xture was stirred for 15 mn. A suspension of 1, 3-

di met hyl - 5-i odo-6-(trifluoromethyl)uradl (10 nmmol, 3.34 g) in DVA (8 nl)
was war med isooyanbtes(il4 mand) @8 g) wad added at thivtemperateidetiiira faRRePOY QN to the
reaction myture.. After addity the m xture was heated to 70 C. The

Af on
i nternal temperatire re pazallowed 1o warmto room temperatige and vasgtisreds ¢ he
exot her mi ¢ peanightThe Fesnltingyeliow suspnsitrcial outedings watee (50MLY & ShthBy

approxi mat el y. h,,at i.ch .tine C of .an aliquot, _which had been gquenched
Wllo!tO h saturaf Zlﬁgtgﬁﬂﬂﬁi.s%hf%l%ﬁinag? 'WHF%‘HEW%E“%%&EW%@S? t3 %g

mat er 5al . Th@midAThd alﬁheﬂi:lsﬂiytd'g wavasdifled ﬁtﬁdoﬁ@eh&ai@ﬂ%ylﬁﬁcﬂl&m_rh‘ aaba%ed tlo room
t enper at ure_and excess,.zi.jc t was to.sett]e. e above sol ution

of m;i nc con%%?fﬁ& "(lfge ﬁ’?\lféﬂ;i"e\ﬁﬁ@ m&&oﬁ eg\i\’g’gihﬁﬁwquweébﬁﬁ (1.0

mol , 520 nyhter.tAfidraindrph@ S g @3 % HTRA) 4FB-thetiyls. (tRASF ofed3Mkr A1 was 1

- di met hyl et hoxy) car bonyl ] -4-iodo-L-phenyl al ani ne nethyl ester (7 .mol,
2.84 g) i nobtemed apa white salid; mpA36 3P A€ EILHBMSmh/ ¢ ¢abed fog BEHFNLOW(MIFYt ur e
was sti rredlgﬁ_o,gg,’li%uﬁ 3bg ¢fp3C- The reaction mxture was poured into a
saturated amoni um c ?OI’I e solution (100 nm.) and was extracted with ethyl

acetdPe (3 x 75 nmL). The conbined 20 extracts were washed with brine

sol ution ( gﬁ}lm@dﬂw @Cﬁ%u&%ﬁ?@?ﬂgﬁﬁ%&ﬂmgneg um sul fate.

. . ar. 3= -6=
Filtration of the dryl ng agent ‘and conce n~gave the crude

I
OYN 0]
)4

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.




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 hoxy) car bonyl ] - 4- (1, 3-

di met hyl - QUQ%M;; 6- (trifluoronethyl)-5-pyrinidinyl)-L- phBAER04A$%4e

met hyl 25 ester as an anorphous white solid- ES-HRMS mle calcd for
C22H26NF3N306 (MtNa) 508. 1666, found 508. 1670. e) Preparation of

4- (1, 3-di met hyl - 2, 4- di oxo-6- (tri $uoronmet®yl )-5-pyrimdinyl)-L-

phenyl al ani ne net hyl ester hydrochloride salt 4 June 2004 WO 01/ 42225
PCT/ EPOQ 11884_67 0 H-CI Cl7H19C1F3N304 Mol. W.: 421.80 The solid N

[ (1, 1- di met Ky Bieneweiipr af béripmpethyl- éﬂgd@ﬁs(uhﬁ}uoremeﬂmmaadx 0-
(trifluoronmethyl);5-pyrimdinyl)-L-phenylalanine nethyl ester (2.92 nmol,
1.42 g) was Ueq&edowith AN hydrochloric acid in_di an&n(28 mol , 7 m)
at room 5 tenpéyatyfe and NIACESIQH. 6GFyRQ),0t i rreﬁ) The reaction

m xture was dil W ) concentrated under
reduced pressure n a rotoary wflapotshor. The res’d vveis diluted with
diethyl ether toGBrma light brown solid. The solid:?were col | ected by

filtration an hed with diethyl ether. After 1219(91%
yield) of 4 évﬁgFﬁhyl 2, 4- di oxo0- 6- (trlflu E§
pyri m di nyI) eny Iani ne rret hyl ester hydro r vvas obt ai ned

as a ight Abno¥es orfmelTD R (V607 Blrte) §9£ gf; 1 THIBF3NS04

(MrH)  386. 1322, found 386 319
of N-[ (2, 6- diafucseesshensid (Hambband qnﬂMIO('c!Lacelthydh;le (Pml) diapxadiuged 55

<_ t r_u f Iyg&ogﬁr&mﬂ;{gﬁéﬁ%g@%ﬁ& b:als) RS AN A AE BRI m&RLE Walse D] O~

for 15 h at which time the TLC analysis of the reaction mixture indicated the
presence of some starting material. Another portion of NIS (8.45 mmol, 1.9 g) was
added and reflux was continued for another 5 h. The reaction mixture was cooled to
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

GH,
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
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Mol . W: 421.81 Ove + C1 0 C1 C7/H3C130 Mol. W: 209A6 DI PEA, CH2C12 r.t.,

72 h C1 C24H2CC12F3N3C6 Mol . W: 558.33 Ove To a suspensi ot June 2004

of 4- (1, 3-di met hyl - 2, 4-di oxo-6-(trifluoronethyl)-5-pyrimdinyl)-L-

phenyl al aWM&425hy| ester hydrochloride salt (1.0 mmol, ZCIERGYIERE 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/ EPOO/ 11884 di i sopropyl et hyl am ne
(4.4 mol, 0.622 nL) at roomtenperaturegs After 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 Henesusgénsidn) of ziitadwdi (33 mmalrR 19N & THFEB ndgswnasided; successi vel y

BRI Y C N A
magnesi um sHeitad o 60~65 tCatittnnhat gib endlreyolngion 9eathyRAd g&ReRAITIRL | on of the
sol vent gave_a cr.ude géoqu(% oo i ch as pur i%ﬁ‘ighlby !a lica gel0 , .
chr omat ogr apiPeBEPA 3 86 ffg‘@ SEpPerasantrmesayichlotgstiany @Lmpob §4%, yi el d)
of N-[5- (2, mijivedsladdephediHe)pinnlro wb btirfed(fér 85 Siin A Bbedsfon of 1,3-
2, o0 b gLy bor g vl sy S enen sl T ester
(MtNa) 580. Gfazered td obtath DAECar@6lR%on and was added in one portion to the reaction
mixture. After addition, 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
10 mixture was stirred 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



g) Preparation

of N-[ (2, 6-di chl or ophenyl ) car bonyl ] -4- (1, 3-di znet hyl - 2, 4- di oxbdue 2094

(trifluoroinethyl)-5-pyriznidinyl)-L-phenylalanine CH3 OH d C23H

y$Cl 2F3N3EO ONER25 \W . : 544.31 To a suspension PCT/EP00/11884

of N-[ 1- (2, 6-di chl orophenyl ) car bonyl ] - 4- (1, 3-di net hyl - 2, 4- di oxo-

6-(trifluoromethyl)-5-pyrimdinyl)-L-phenylal anine nethyl ester (0.422

mrol, 0.236 ¢g) in pyridine (15 nL) was é®dded lithiumiodide (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 ori c aci d;)i-agwd extracted with ethyl acetate (2 x 25 nlL). The

conbi ned orgap_.c_pgxtpacts were washed with brine solution (50 nL) and were

dried over anh?\ﬂ'ro S magnesium sul fate. Filtration of the drying agent and

concentrat i gn e _fidtrate afforded 201 ng (87%yield) of N [ 1 4 June

2004 WO 01/ 25 B EPCO/ 11884 (2, 6-di chl orophenyl ) carbonyl ]

-4-(1, 3-di net hyl - §-6-(trifluoronethyl) -5-

pyrimdinyl)-L-phenylal anilne @s a light yellow solid np 125-128 C. ES-HRVB

me calcd for C23HUCIBRENI3D TM+Na) 566. 0469, found 566.0468. 5 Exanple

22. Preparation of N-l (2-chbor o- 6- et hyl phenyl ) carbonyl ]-4-[1, 3-

di et hyl - 2, 4-di oxo6C (trifluoromethyl)-5-pyrimdinyl] -L-phenylal anine CH3

O N-O CF3 C MlGduLCF,Ne ght = 523. 89 Mol ecul ar Fornmula = C24H21 CLF3N3(H
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
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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



A solution of 2-chloro-6-nethyl benzoic acid (190 ng, 1.14 mmol) in

di chl oronet hane (7 znL) containing DMF (4 drops) was treat edt Wnen2@fdal yl
chloride 10 (0.42 m., 4.8 mvl) and the m xture was stirred for 2 h. The
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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-phenydgal ani ne net hyl 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
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(trifluoro 9pyri m di nyl ] - L- phenyl al ani ne (205 ng, 81% as a white
solid: nmp 243-247C. ES- HRMS me calcd for C24H21CI F3N305 (MtNa) 546. 1014,

found 546. 1 1%. 10 Exq&‘p -ﬁ@’ Preparatlon of
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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-




I OYN CF 3 CF3 ,N CO2H COCl Nblecular Wei ght = 226.56 Ml ecul ar Fornul a
= C8H3CI F40 F Mol ecul ar Wi ght 559. 44 Mol ecul ar Formul a = €CF2EIANI04 A
solutlon of 2-fluoro-6- trlfluoronethylben20|c acid (125 ng, 0.60 nmol)
(Aldrich WO®3H2235 in dichl oronethane (3 nlL) contai ni ng DVECT/RPelvIgs) was.
treated with 15 oxalyl chloride (0.21 nm., 2.4 mmol) and the m xture was
stirred for 2 h. The m xture was concentrated, azeotroping with toluene to
renmove traces of oxalyl chloride and the&gresidue was used directly in the
next step. A mixture of the above prepared acid chloride,

4- (1, 3-di met hyl - 2, 4- di oxo- 6-
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acetate, washed with 1 N HCl and brine solution and was dried over
magnesi um sul fate. Filtration and evaporation afforded a residue, which

was pgﬁl fi [edEJtzampf%e 23 @mg@du&xFUfM@dﬂaﬂbh&nﬁthyﬂ;gleay]M@qg ]-eqhgom (40s) to
give 25 N ro tr uor o en on
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(trifluoromnet hyI) 5- pyri mdinyl)-L-phenyl al ani ne thyl ester as a white
foam (179 ng, 62% . ES-HRMS nie calcd for C25H36 66 (MrNa) 598. 1183,

found 598. 118§, Y
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Molecular Weight = 523.89
Molecular Formula = C24H21CIF3N305

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),



A solution of N[ [2-fluoro-6-(trifluoronethyl)phenyl]
carbonyl]-4-(1,3-dinethy-2,4- 5 4 June 2004

di oxo-6-(trifluoronethyl)-5-pyrimdinyl)-L-phenylal anine nmethyl ester (266
mg, O0.46WEB14222%bt ai ned as in the above experinent, and »¢r/BEPosmissadi de .
(624 mg, 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 bringgsolution 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-fluoro-6-
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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-



b) Preparation of4-[[(1,1-dinethylethoxy)carbonyl]am noj

- 3- et hyl benzal dehyde BocHN OH C13H19 “03 Ml . W.: 237.29 cHére1Ziqt7Nes
Mol . W.: 235.28 To a solution

of 4-[ (1, 1"89%?%% et hoxy) car bonyl | ani no- 3- net hyl benzyl al REFEP00(128849 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 roomtenflerature 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

chro mat ogr admytlueromgthyl) Bi-pymmidingl Hrpheoplblanine tethjitesienasla 83&9{&7117(%751! el d)
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mn afgthis M:lwa%zmr 2tec? wﬁt‘Nthe mchloromethane trcl) give N-[[2-fluoro-6-

(trifluoromethyl)phenyl] carbonyl}-4-( 1,3-dimethyl-2,4-dioxo-6-(trifluoromethyl)-5-
pyrimidinyl)-L-phenylalanine (167 mg, 64%) 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.



4 June 2004 WD 01/42225 73 5 10 PCT/ EPOQO 1188-t tenperature, the reaction
m xture was allowed to warmto roomtenperature and was sti4{&§ 3094 15 h
Then, the reaction mxture was diluted with diethyl ether (100 ni) and was
washed suWEe®&R228ly with 0.5N hydrochloric acid (2 x 50 nmpPcCr/Embrarsst ed

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, whizgh was purified by silica gel
chromat ography using a Biotage (40m colum to obtain 3.87 g (58% yield)
of N-(benzyl oxycarbonyl)-4-[ [(1, 1-

dirnethyleth aatienyt 4- ',mﬁmgﬁmﬁ%@@m,q gﬂﬁ%;ol ' ester
h DD UHIgl\/gmr ol e calcd for CZ4H2]8N2 y%%@%ﬁ%z%%@?def

as a white solid. El- ound
lgl

440. 1524. d) Prepardgtion of N-(benzyl oxycarbonyl }3 4-
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ani ne net hyl
passed t hrough

a sol ution of N-(benzsts ar bonyl')-4-11(1_1- CHO

di met hyl et hoxy) car bony! ] ani no] - $yit- 8By dr ophenyl al ani ne net hyl est er
(8.08 mmmol, 3.568HN® nethanol (25 nL) in a Parr pxEyNe,vessel

over ni ght . TheMol.tWe: 23729l yst , Mol. Wt.: 235.28

(+)-1, 2-bi s,g( 2S, 59) - 2, 5-di met hyl phosphol ano) benzene( cydooct adi ene) - rhodi um
(1) tri $uor beaseluties af 4-brat-dimetiyletborycsbonyljamirouHeSiAlRy] alcdhol0 ngy) was
dded und f ' ' ' d 20
o Ay BSAERNE AARR A0 O LR By

under a hydrogen pressu F enperature fFor
resul fing €3F mmoh 1hgkandoicmn sievas §6 ghet ropmdempentiuret Thereagtion fi ed by

Jiel o) of NPT et 24 odn b At St BB o2 PaBA0 1 P oim o)
- 3- et hyl - Lceﬁpﬂmﬁmﬁﬁi dichloremigthares Tee filtaatawaaomcpiitatsd whd¢raedwdei d.
-El - HRVB an/ ﬁre&@}ézgﬂ tBE 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 C3H;;NO; (M) 235.1208, found 235.1207.

c) Preparation of N-(benzyloxycarbonyl)-4-{[(1,1-dimethylethoxy)carbonyl]-
amino]-3-methyldehydrophenylalanine methyl ester
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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



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
hydrochl oW@81/42223 H H- Cl N. Ct 9H23CIN2O4 Mot. W.: 378. 85pcr/imoaisse! ution
of N-(benzyl oxycarbonyl)-4-[(1,1-di methyl et hoxy) carbonyl ] 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 di oxane (48 rrm)l 2 nmL) at room
tenperature and the solution was stirred 73 or 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
evapor at or art@mPREHIEIRE TearHom MPERGHWAL BIOWeE & Wanm g oo tengpengtyreand)  of

N- ( benzyl oxyGaiskaR¥d ForirsanTen, %hg?éaeuén i RRR W iR Jﬁﬁafaiemﬂ eth@xs(]tlgﬁ
hydrochl ori de salt_as an_anorphous, yellow solid, FAB m e cal cd for
CL9H22N204  ( Nk} amslwasoashed susgessively with (N I@rorssﬂonrcegér(amsarmﬂdf saturated

N- (benzyl oxyrsaaﬂemuiclrb%na&@eruﬁoﬂmdswﬁy’ome @mhﬁbﬁrambemmesﬂwas b %ver
C19H201N04 . ension_of sulfuric acid (0.3 nL), water
(36 ni)5and mnbmymspmé%ty 4311’33% Abtie.drppp pgent apd eondenlrationgaveret hy |
ester hydroch| whixh m},

o] EPpb11 a4 YR froRBLt which Yl PRed b silleg (1 chibdatARdRIA Y SHibge

.cool ed to -- 14@n) celumsciopbtaingd-84 g@8?%@%@?-(@@%19@’@&%}1)&{[&.1,8- nol , 400

my) in water ﬁefﬂﬂeﬂ@ﬁ)ﬁﬂ%ﬁﬂQJEJQIWYL§-§1ethyl-dehyd:ophenylalanine methyl ester as a
white solid. EI-HRMS m/e calcd for CoaH2sN20s (MT) 440.1527, found 440.1524.

10
d) Preparation of N-(benzyloxycarbonyl)-4-[[(1,1-dimethylethoxy)carbonyl]-
amino]}-3-methyl-L-phenylalanine methyl ester

CH,
BocHN

0O
E{‘j/‘o’k 0°
V 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.



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 ai hJde¢@dn
suspension. After stirring 5 for 30 min, the reaction m xture was al |l owed
to warm t %0 eRenperature and was stirred for | h. TherecwEmenesgti 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
sodium bi sul fite solution (100 nl) and ki ne 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
chromat ography using a Biotage (40nm) colum to afford 0.84 g (64% yield)
of N- (benzyl ox)rcarbonyl)-4-iodo-3-net hyl -L-phenyl al ani ne nethyl ester as
an anor phots Reaparatienof N-(beaeylernvermngl) ek mind-8+mEhgiFD-phhilaleAinkia)

476. 0329, fo Y/ ;1-!%) reparation of

N- (benzyl oxycg{rquo’ﬂye%e?ﬁﬁ??%- I rrsea'thI - 2, 4- di oxo- 5-

pyri m di nyl) - 3- met hyl Gy phenyl al ani ne nethyl ester CH3 Q N. , O CH3 H3C

C25HVN3C6  Moi . NiN._465.50 To a suspension of zinc dust (15 mmol, 0.98 g)
in THE (1.5HMC was ed 1,2 20 di bronoethane (1 nmol, 0.13 nL) at room

tenperature. This sus sion was heated to 60-65 Cwith a heat gun until

evol ution of ethylene gag cepsed. Then, the suspension was cooled to room
tenperature and trine _o‘rosi |l ane (0.5 mmol, 70 ulL) was added and the

m xture was stitged Omn. A suspension of 5-iodo-1,3- dinethyl uracil

(2.5 mol 66 (2 mL) was warnmed to obtain a clear 4 June 2004

WO 01142225 PCHEPOQO 11884 76 solution and was added in one portion to the

reaction mxtureg WiERlpaddition, the ;
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

3

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)




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 hatJ#Ee#0uenched
with saturated anmoni um chloride, indicated the absence of starting

mat eri al . WOSLI2RBxt ure was diluted with THE (2 L), all owedT/Epoozniess 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 mml, 27 ng), trifuryl phogphine (TFP) (0.2 mml, 50 ng) and
N (benzyl oxycar bonyl ) - 4-i odo- 3- net hyl - L- phenyl al ani ne net hyl ester (Q5
mol , 227 10 ng) in THE (2 nL) at roomtenperature and the resulting |ight
yel | ow m Xt Wygs N@ged 6 lobtaies bt sofkioR, ‘Plherd R was cJOIEd tSaf dd: Qe-ﬂhﬁﬁ? Up§,as then

poured into a saturat d  amoni um chf ori de sol ution an S ext racted wth
ethyl acet at ®lenofsg nitriigd 5.8 rpmp), AMmeEXin wetes (Awald wasnadded deppwisdr i ne

sol ution (501‘!%—:)eaétﬂﬂ:xﬂﬂt@@u%@ﬁnec@ﬂ;%@hﬁﬂ%n%%ﬁﬁi%i?b‘dg?ﬁh&m delg 3t 1 on of

the drying agent an oncentration gave the cru uct

purified by EM9ch veaerd falograsgrged ioiobiain 2 Brown gespeqsion)Aftap stisringt o

bt 161
G e 12, A g TG SR AL TR o

an anor phou%‘fwghft”élb heg, ﬂES‘*‘HRNBWQ:HWm& mmmm&m
o4 (1.3 di recede &%@ﬂam%e 3%6;&& ‘ioﬁ%%ng%éﬁ%cfwerﬁeny 4P ne

of4(13d|rrethyl 2, 4-di 0x0Q-5=pyrinil
met hyl est ersatygted epdingn bigyliise nnewb uﬂMOGmIAaHﬂMewe of

N- ( benzyl OX YdridlRfvey Anhiyds dub n%gﬂbéﬁ_fn*}}ﬂ at@ ﬂh‘éhf?{f Bf%wagé& 21 3-

nmet hyl - L- phenyl al ani né net hyl” ester ohexene (1 nl)
and 10 concentration gave a crude product, wh;ch 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
CH, |
H
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



10% pal | adi um on carbon ( 100 nag) in ethanol (3 nmL) was heated to refl ux
for 20 4 June 2004 WO 01/ 42225 PCT/ EPOQ) 11884 77 nmin. Then, 4#unga2D0di|tered
t hr ough afvpad of celite and the pad was washed with ethanol (10 nL). The
conmbi ned MWPO¥E2E was concentrated and the residue was dri RET/ERewdassshi gh -
vacuumto afford 96 ng (85%yield) 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 CL7H21IN30Zs (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-pyri mdinyl)-3-nethyl -L-phenyl al ani ne net hyl
ester CHs ©phuion @hd wasEIddd@h oftz pEXGIChNG e rebtion Mixtired Bt P dlGor] Phd
suspensi on f4- ( -di hyl w@, - di 0x0-5-pyrim di nyl ) - 3-net byl - L-
phenyl al ani ne n'e%ﬁ%ﬂéeag%et?)%oal%‘ﬁﬁ%ﬁn ‘Yasﬁﬂé’ﬁl):leb.qgf%ml , 47.5 nm)
and  2- chl orpp®ximeathlyl3tis arwhich deied (@ oflavaligiot, widéh HiH béel JalicHed wil) Was
added dii S?ﬂpﬁé’% et hyl am n@ ég 31% r_'ngl, 44 uL) _.at room tenperature. After
5 min, everytHing wenE YR FEouds imaried e absrnca ofstatping matessh The on was
stirréd for migtuke wbs difutebwith TEFRI@IAL), ERowakN® doBF o RenshadtlirddrRlie SO! Ut i on
was dil ut edej\égésh.et% acagt?atg éﬂ%g mL). The ethyl acetate |ayer was washed
successi vel Yt I NhYar bOREBF ¥ Wi d (2 x 30 nL), saturated sodi um
bi car bonat e Thohhviegmepad@ sohition ofBihclRbinpous@l(25inemol)3ss 281dd B kadr | ed
over anhydrg humsul fate, FEiltration of the drying agent and
concentrati 8?%@%223251% tgﬁgkwjﬁﬂéYlEﬁWg“}ﬁq&&@-mféﬂ» MRmgdard N-ed by
?17 i) | ca 2Pd)g&e@ﬁma?&ﬂ%dusmeth@bﬁlﬂkﬂﬁﬁlaﬁﬂ%ﬁeﬁ?ﬂ 4t80 (8.9 n3hb0hs7 42 Y
o) € of . - o i

(2- ch]l)bor o- GW%%WH% Hﬂ?li))aﬁé‘?%mﬁe!meﬁ“ﬁ@F H@P}'nglg,hh}’dimvﬁuwvasr ni di nyl
) - 3- net hyl stirrqafeny$ hlatds 1@ THe tdavtioe Bligiréadtheh %M&%&L@smﬁ%ﬂ% m e
calcd for C25H26CIN3Ch. gMENa 506. 1454, fqund 506. 1459.
_ ammonium chioride solutidn 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




(2-chl or o- 6- net hyl phenyl ) car bonyl ] - 4- (1, 3-di net hyl - 2, 4- dt $306-2808yri m
i di nyl)-3-methyl-L-phenylalanine CH3 O N -O CH3 OH Cl1 C24H24C1N305 Mol .
W.: 469. %0 02325 uspensi on of PCT/EP00/11384
'N-[(2-chl oro-6-net 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 aqueous7%.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 | uted wi t hnitaT8En,(Ewad fltered{hRoRgh lEPABofR@lititand VB WRSIRHe M4 di et hy!
ether (20 nm.), to bm ny l[‘1_}l%utr 10 inpurities.” The aqueous [|ayer was
aci dified wi 1 - hig cpmbped Hlisats wyas wamcentrated and dhe residye wasgiiedacet at e

(2 x 25 rnL)undEnRighaahiuig t MFGATmEITNAGER) WBLE ] WadihRehyl-Yid fops-sne
solution (50 ni). aglr:‘: r%ygri ed oyer _anh‘il;1 rgus ﬁagnesi ur’% sul f_gte.
Filtration (Wnp%q\ é’%ﬂyﬁ@f nphenylplaninemithylesterss a stickyaelow solig ES-af f or ded
34 ngy % 87% HR®ISH/eQhlcd for C)7H, N>O, (M+Na) 354.1424, found 354.1424.

N-[ (2-chl or o- 6- et hyl phenyl ) car bonyl ] - 4-(1, 3-di net hyl -2, 4-di oxo-5 15

pyri m di nyl)-3-nethyl - L-phenyl al ani ne as an anorphous white sqlid. ES-HRM
me calcd fprpiepdHede bRROR2(MNS)s-ARhylday) ELUOM1E221 330 henfianD! e 25.
Preparation of I\ﬁ( 2, 6-di _chﬁor ophenyl) car bongll).] -4-( 1],4%-%&%net eﬁ@%

di oxo- 5- pyr i mi SeKYIPy PN 3 methEdy Pherifaiaring methyl mtepar ati on of N |
(2, 6-di chl orophe 3)(:ar bonyl] -4- (1, 3-dinethyl-2,4-di oxo-5-
pyrirnidinyl)o3-ngthyl - L- phenyl al ani ne nethyl ester 4 June 2004

Y OF cH,
N

o N~

4 June 2004 WD 01/42225. PCT/ EPOO/ 11884 78 j) Preparation of
[
[

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.



WD 01/ 42225 PCTI EPOO/ 11884 79 CI C24H23Cl 2N305 Mdl. W.: 5D4.36 To a
suspensi on of 4-(1,3-dimethyl -2, 4-di oxo-5-pyrimn di nyl) - 3- metthyyng 2004
phenyl al ani ne net hyl ester (0.128 rnnol, 47 ng) and 2, 6-di chl or obenzoyl

chl ori de WQOYBR5rnol, 32 ng) in dichloronethane (1 rnlL) ReIsERMIAEss4

di i sopropyl ethylamne 5 (0.45 mmol, 77 uL) at roomtenperature. After 5
mn, everything went into solution and the clear yellow sol ution was
stirred for 15 h at roomtenperature. Thg resulting 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 js obrdparaiiod SON ' 3’1’)?::!}:% ! B as,dried over
10 anhydr oué)S _girjlesi um suf[%%?gﬁpﬁlﬁ%#gﬁpgﬁl of t Egﬁi%{%%dggéehﬁﬁ%d
concent r at i on §a¥es>-ByREnidinylie3-prethitkdt-phanylatenines purified by silica ge
chromat ography ugiHig a Biotage (40m colum to afford 52 ng (81%yield) of

N-[ (2, 6-dichl 9%9@“‘3“&5' ) car bonyl ) - 4-
(1, 3-di net hyl - X 4-¢

0X@H.5- pyri m di nyl ) - 3- met hyl - L- phenyl al ani ne net hyl
ester as an, amphqQusiwhite solid. ES-HRVS nfe calcd for C H sC12N3C6
(MrNa) 15 556%0907, d 526.0912. b) Preparation
of N-[ (2, 6-di chl or opherytygar bonyl ] -4- (1, 3-di net hyl -2, 4- di oxo- 5-
pyri m di nyl)-3-rnet hhyl - | al ani ne 4 June 2004 WD 01/42225 s0 OH
C23H21CI N30o5 MoL . 4" PCTI EP00111884 To a suspensi on
of N-[ (2, 6-dichl orop L. cay bonyl ] -4-(1, 3-di net hyl -2, 4- di oxo- 5-
pynm di nyl)-3-nmeth “phenyl al ani ne nmethyl ester (0.1 mml, 59 rug) in
et hanol (1 :

C24Hp,CIN;O;
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 (5 mL).

_ 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



rnL) was added aqueous 1.0 N sodium hydroxide (0.2 nmL) at roomte erature
The 5 mixture was stirred for 2 h at roomtenperature. The et #wo?00da

renoved under reduced pressure and the residue was diluted with vvater (10
m.). The aW@M{#3225sol ution was washed with diethyl ether (POT/EPO)1188t r enove
any neutral inpurities. The aqueous |layer was acidified wwth 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 % solution (50 nmL) and were dried
over anhydrous magnesium sul fate. Filtration of the drying agent and
concentration of the filtrate afforded 20 ng (41%yvyield) of N [ (2, 6-

di chl or ophenyl )carcb{gnyl ] -4-(1, 3-di net hyl - 2, 4-di oxo-5-pyri m di nyl)-3-net hyl -
L- phenyl al anige as a® anorphous white solid. ES-HRVS rule calcd for
CH21C2N3C6  (M+ $12.G@4%52, found 512.0754. 15 Exanpl e 26.

N-[(2,6-dich e rbonyl]-4-(1,3,6-trinethyl -2, 4-di oxo- 5-

pyri m di nyl) - 3-net hyI henyl al ani ne a) Preparation of

N- ( benzyl oxycar bonyl ) - ¥ 3, 6-trinethyl -2, 4-di oxo-5- 20
pyriniidinyl)-3-nethyl-L-pheny al ani ne nethyl ester 4 June 2004 WO 01/42225 .
PCT/ El ' O0/ 11884 81 CAH bt. W.: 280.06 OCH3 Y Y CH3 f ONOHICN
C26H29N3 06 0

Cl
C24HBC |2N305
Mol. Wt.: 504.36

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



Mal . W.: 479.53 To a suspension of zinc dust (15 mmol, 0.98 g) in THE (1.5
m.) was added 1, 2- di bronpethane (1 mmol, 0.13 nL) at room t‘biﬂfé’r re.

Thi s suspension was heated to 60-65 Cwith a heat gun until evol ution of
et hyl ene W4x0K¥E&Wed- Then, the 5 suspensi on was cool ed t o RGTERCDAISSEr at ur e
and trimethylchlorosilane (0.5 nmmol, 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
mol, 700 nmg) in DVA (2 nL) was warned tgp obtain 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 wi thcsgturated ammoni um chloride, indicated the absence of _
starting matg idj. ghen, the reaction mxture was diluted with THE (3 nlL) .
and the excess @it was allowed to settle. The above prepared

sol ution cor#{:gb zinc conmpound (2.5 mml) was added to a solution
of Pd(dba)2 .05 27 mg), trifuryl phosphine (TFP) (0.2 nmol, 50 15
ng) and N-(benzyl oxy yi ) - 4-iodo- 3- net hyl - L- phenyl al ani ne et hyl ester
(0.5 nmol, 227 nmg) in THEA(24y) at roomtenperature and the |ight yellow
mxture was stirredifBN 157h at 45 C. Then, the reaction mxture was
poured into a saturated groni um chl ori de solution and was extracted with
et hyl acetate (3 xm_). The conbined extracts were washed with brine
solution (50 L) andAwege dried over 20 anhydrous magnesium sul fate.
Filtration of th g‘% J q?agent and concentration gave the crude product
whi ch was purifi &8 %i’ 5 ca gel chromatography using a Biotage (40nm)
col umm to obt ai MMWif9P3hos, yi el d) of N--(benzyl oxycarbonyl)-4-(1, 3, 6-

tri.nmethyl -'204sﬁié[p@méo@omf[tZIB@M&rbpﬁe%%h@h%@@%hﬁ@l%g%& ester

as an yellow.ojl. - H W cal ¢d . for C26H, f ound
502. 2174. @ﬂb‘ﬂ@”ﬁ%i‘ 1 Bbenyiplaning metiyl estgd. lapmel, SPimg)dn sthaoal @f

4- (1, 3, 6- t rinpwwayidddd 4qaldos 005N il hydi-8Rid (632 HRRY BY ook teRl}RM i ne
met hyl esterb%IB ON,, Crp o ( Do A Tf
- ixture was stirredfor 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



H3C'N. C18H23N3O4 O Mol. W _: 345.40 5 A mi xture of o

N- (benzyl oxycarbonyl)-4-(1, 3, 6-trimethyl -2, 4-di oxo-5-pyri m d* Jund 3003-

nmet hyl - L- phenyl al ani ne net hyl ester (0-145 mol, 70 ng), cycl ohexene (i L)
and 10% pWPi63d223m on carbon (100 ng) in ethanol (2 nl) wapcheErberisso reux
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 drigd under high vacuumto afford 36
ng (72%yield) of 4-(1,3,6-trinmethyl-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-HRMS nle calcd for CL8H23N3O4 (@;gﬁsNa) 368. 1327, found

368.1321. c) Preparation of 0. N _

N-[ (2, 6-di chl or ophényl ) carbonyl]-4-(1,3,6-tri mﬁrﬁ , @Hdi oxo- 15
5-pyrimdinyl)- - L- phenylalanlne met hyl . ‘ 3 ONOyy G' HS
H3C'N Cl C H25Ci — 4 Ju 204 |/ 42225

PCT/ EPOQ 11884 & suspensi@i of
4(136tr|rrethyleg4d|ox rimdinyl)-3-nethyl - nybalanlne
met hyl ester (0.089 mml 34 and 2, 6-di chl or obenzoynNTF

CH,IN,O,

Mol. Wt.: 280.08

| PO
| O—CH, ©/\0 o
O
O/&O CagHagN;Og
Mol. Wt.: 479.53

To a suspension of zinc dust (15 mmol, 0.98 g) in THF (1.5 m1.) was added 1,2-
dibromoethane (1 mmol, 0.13 mL) ét room temperature. This suspension was heated
to 60-65 °C with a heat gun until evolution of ethylene gas ceased. Then, the
5 suspension was cooled to room temperature and trimethylchlorosilane (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 (3 x 30 mL). 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.



(0.1 mol, 21 ng) in dichloronethane (2 nL) was added diisopropyl et hyl am ne
(0.4 mmol, 70 uL) at roomtenperature. After 5 min, everyth #gekid i nto
solution and 5 the clear yellow solution was stirred for 15 h at room
t enper at uMO O232F esul ting brown sol ution was dil uted w tHCTEmbji085aet 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 gzied over anhydrous nagnesi um
sulfate. Filtration of the drying agent and concentration of the 10
sol vennt gave the crude product which was purified by silica gel
chromat ography using a Biotage (40nm) colum to afford 22 ng (48% yi el d) of
N[ (2, 6- . i . " .
di chl or ophe )1 SeeRAHsEIP of 41316 Fimsethyh-hidinxo-D prrinidingl) 3-mytiykLdi ny! ) - 3- et h
yl -L- phenyl al gt ARhOWe as a viscous oil. ESSHRMS rile calcd for
C25H25C12N305  (MtNa) 541. 1065, found 541.1063. 15 d) Preparation of
N[ (2, 6-dichl oroﬁﬂ@nyl )carbonyl ]-4-(1, 3,6-trinethyl -2, 4-di oxo-
5- pyri m di nyl § 2 ﬁ’ybHL- phenyl al anine CH3 OH Cl1 C24Ha., C12N3Cc Mot. W:
504.36 To a suspendi on of
N-[ (2, 6-di c,07 Op rbonyl ]-4-(1,3,6-trinethyl-2,4-di oxo- 20

L)

5-pyri m di nyl) - 3¢giet - phenyl al ani ne nethyl ester (0.04 nmol, 22 ngy) in
ethanol (2 mL) was *add€d jqueous 1.0 -N sodi um hydroxide (0.5 mL) at room
tenperature. The m xture Aas ®tirred for 2 h at roomtenperature. The

et hanol was renoved un rg¢duced pressure and the residue was diluted with
water (10 mL). The aqueousPsol ution was washed with diethyl ether (20 nlL)
to remove any neut®atsM:Qune 2004 WO 01142225 PCT/ EPOQ' 11884 84 inpurities.
The aqueous | ayeMohd¥ét:3¢p4Pfied with 1.0 N HCOl and the product was

5\2? ;av(\?t/agﬂeldﬁmg ¥'»lfN'%&?e&:%gxfcgrb)én%l?-‘i%b;G-%t}get%?rﬂzﬁp gxo%%%%‘nﬁdi%)&)-rﬁm S

methyl-L-phenylalanine 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



with brine solution (50 nL) and were dried over anhydrous magnesi um
sulfate. Filtration of the drying agent and concentration ofJudee2G04 trate
afforded 20 ng (93%5 yield) of N [ (2,6-dichlorophenyl)carbonyl ]

-4-(1, 3, 6-WOIOMAI2RY| - 2, 4-d. i ox0-5- pyrimdinyl)-3-nethyl - L-ptwesdoaissai ne as
an anorphous white solid. ES-HRMS nlfe calcd for C23H21C12N3C5 [ (M H) +2Na]
548. 0725, found 548.0733. Exanple 27. _

N-[ (2, 6-di chl orophenyl ) carbonyl]-4-(1, 3, §-tri nmethyl -2, 4-di oxo-5- 10

pyri m di nyl)-L-phenyl al anine ethyl ester CH3 ON_.OH3C,NO"' Cl

C ,H2, C12N3Cs Mof. W.: 518.39 To a suspension of N-[

(2, 6-di chl or Tphewspensian BORY1 B 64rinletidd-O;4 &il Brindid bl £ L-

5- pyrim di nylﬂ@%fgj)henyl ?Flh gi neﬁé 0- g&l Ié,hb%%g gﬁ’ﬁs%?%hr%lé car bonat e
(3.6 mriolP e %Mﬁ“( -%%mﬂnggf%@&)@n dichlgrebenao chlopide 0. 29
rnL) at r oom{(lEmbaN I m Qi miEthdn j .

terri:)erat urefn Then ugthe g}rﬁelacﬁ[%ﬁ m Xt Egﬁnﬁﬂm;?aﬁ%%cgéggﬁf%p&%%a%%wn{; and
was extract e’amwiﬂﬁ ) A TooR tmpegatues Afteripmin, gveryting wemtiinocobitionands wer e
vashedswi th de e bR 4ls HiokehRf! 15 HE fool Idkitheritife FAOYLpYS magnesi um

sulfate. Filtration of the_drying agent and concéntration o g filtrate
gave the pru@@%ﬁ%@’&%%ﬁ@ﬂtﬁa&g%&d .?ﬁowﬂl?}’le&ﬁmé&'@nldiéﬂomemhamography
using a Bi otiage wadQalhed@hetamiively ikl A BydrdenBlc 8876 ¥hs ki), Shudfed

(2, 6-di chl or opheny] )%ar bony] ]. . )

-4-(1,3,6-t r%°ﬁ%'Phg!°€I oRatg ﬁ%‘)@gog%wmaad hying solutiein €33yhb) 20w was driddydverst er
as a crystaligy ' Salrh G - - far
C25H255C 2N3 ?%-l?/lﬁl\lg{ 2ag. 18%5#@ £ gﬁg&g%%gg&é Efggtu%de‘;é’é’%%t%°ﬁl°/fﬁlfzz5
PCT/ EF90/ 11 8Wrentggvethepude pradugtmwhich wasipwwified bisilica gel chromatography using

(2, 6-di cbl oroBbaBY tosdr Bamh ks ; 7 4 [(2.6-
2, 4- di ox0- 5-pyri i gi n){lé)a- L- p%}%énh:clﬁéﬁgr?%e f’W{I?MI&I[(Zé? hyl ) am no] et hyl
)carbonyl]-4~(1,3,6-trimethyl-2,4-dioxo-5-pyrimidinyl)-3-methyl-L-

ester oropheny’
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

Cl
CaqHsCLNSO;
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



Oer N'~", Cf CgHCENACG Mot. W.: 589.51 A mxture of N-Lg

(2, 6-di cbl orophenyl ) carbonyl] -4-(1,3,6-trinethyl -2, 4- di oxo-5Jue 2004

pyri m di nyl)-L-phenyl al anine (320 ng, 0.65 mml), 2-f (NN-diethyl)am no)
et hyl  chive@iotfé22Rydr ochl ori de (579 ng, 3-26 mmol ) and pot apeiEpdE@sdonat e
(451 mg, 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 cgpbined extracts were washed with
brine, dried over magnesium sul fate and concentrated to afford

N-[ (2, 6-di chl orophenyl ) carbonyl) -4-(1,3,6-trinethyl-2,4-

di 5- i ' |) at t
(10 g, " aoip it The IS FepPed Ridind Wieh 1Y Sl ap e ARlTYps '
CHMC12MAChG  ( foftsdpted g, emgcetat@mdmaﬂo TB8Comkdnel drigemitievtnaas wedeavaahedeous
o bonyl ] -4 Fin SABEXILESh Gl e o OO S o P iR S ne (167
ng). Exanpl thatloprcé' d;vlmgngent and concentration of the filtrate afforded 20 mg (93%
f N hi adn B
(r)| rre£ é\él : %%lfig?(fgﬁ M&%ﬁ%ﬁ%ﬁhﬁﬂﬁ#@ﬁiﬁn ne et?yl fﬁq{P’W ai et hyl ) am no]
ethyl est erP)ﬁlIUldnEV 23)@2&\;)@3 LoghietgRPmig6s GhanbrpliiiisvilitelsdBd. ESSBRNT &/ 05
Mof. W: 569 -
(1. 3, 6- 1 1 nephy bC LRI AA TR <Br 072, KRG b .
2-[ (N, N-di ethyl)am nol et hyl ester was prepared from N
(2-chloro-6- EEEHHAW%X@& ﬁfcgp gp}lenyﬁca(r%bnyl]% ('i 3rgem:t\;ethy 24%18}?095-5
10 pyrimidinyl)-L-phenylalanine ethyl ester
G
OYN (o)
HCT
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.



5 pyrimdinyl)-L-phenyl al anine and 2-[{N, N-di et hyl )am noet hyl chl ori de
hydr ochl ori de using the general procedure described in exanpt &ne2MHd was
obtained as an anorphous white solid. ES-HRMS rile calcd for C33H37ClI N40O5
(MrH) 569WE&IF22250und 569. 2530. 10 Exanpl e 30. Prepar at i oRCTEP00/11884

N-[ (2-chl or o- 6- et 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 C26H28CIN305 Mol. W.: 497.97 N Bs

- (2-chl or o- 6- net hyl phenyl ) carbonyl] -4-(1, 3,6-trinethyl-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 p_hewﬂazamiwa}aﬁbddf,m{@;6~aicm%&$pﬂenf1aéazﬁéxﬂg]o4.%1,@)gtm%h yl)-L
phenylalanlnf Sﬁd | diﬁﬁﬁﬁgﬁ i;lng Eg;?%§£§i€ rocedur € described in
exanpl e 27 455 W)-4oBheBy Nagethyaminedetilestept ai ned as
an anor phous whiteHsolid. ES-HRME rile calcd for C26H2aCl N3CG5 (M+Na)

520. 1610, foungl 5¢0. }p91. Exanple 31. :

N—[(2,6-dich|of36he yl)carbonyl]-4(1, 3,6-trinethyl-2,4-di oxo-5- 5
pyri m di nyl) - L.pheay ni ne 2-(4-norpholino) ethyl ester a) Preparation of
N—[(l,l-dine? rbonyl]-4-(1,3,6-trinethyl -2, 4-di oxo-
5-pyrinidiny|)-LJBﬁen Ehgni ne CH3 O NCO H3C N OH C21 H277N30C6 Moi. W.:
417. 46

i
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



10 To a suspensi on of

N-[ (1, 1- di met hyl et hoxy) car bonyl ] - 4- (1, 3, 6-tri met hyl - 2, 4- di oxbJune 2004
5-pyrirnidinyl)-L-phenyl al ani ne nethyl ester (8.8 mml, 3.79 g) in ethanol
(20 nL) WRMHEAFI aqueous 1.0 N sodi um hydroxi de (17.57 mBOT/E#00/ALS3M
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 sgg uti on was washed w th di et hyl
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 ). The: onbi ned organic extracts were washed with brine
solution (200gaL ang were dried over anhydrous nagnesi um sul f at e-
Filtration of rying agent and concentration of the filtrate afforded
3-44 ¢ (94% f 20

(1, 1-di. ethox rbonyl | -4-(1, 3,6-trimethyl-2,4-di oxo-5-pyrimdinyl)
-L- phenyl aI ani n€tas ~ght brown foamsolid. ES-HRMS nle cal cd for
C21H27N306 (M+Na) 440.1792, c;ound 440.1792. b) Preparation of N [ (1,

| - di met hyl ethox)r) ceir byNy 4TINS 6-trinethyl - 2, 4- di oxo-5- 25
pyrimdinyl)-L-phen | e 2- (4-hQrphoI i no) ethyl- ester 4 June 2004 WO
01/ 42225 88 CH3 P ﬁn @1884 HN(O"~N~ Cz7H38NAO7 Mbl. W .: 530.61 To a
solution of N-[ (1, 1-diAsfnyl et hoxy) car bonyl ]-4-(1, 3,6-trinethyl -2, 4-di oxo-5-
pyri m di nyl)-L-phenyl al antne (1.21 nmol, 505 ng) and

2- (4- nor phol i no) et harfaHsQ18,42 nmol, 318 ng) in THE (8 xnL) was added

di -i so- propyl car bodi Melo¥t(59eQp 5 (1.82 mmol, 0.287 nL) and

4-di met hyl agg. i.di n ' o t. 10 ure. The
resul ting SH W%&%@ﬁe&%g@eﬁﬁ?@}b%ﬁ ﬂil’%’ tnn? lrié‘g‘gF ﬁst m xture was
pour ed int 0Pmmnﬂﬁr@--ph_e)lﬂahmnwa%-[@%N—d:c&qﬂammdn]eﬁiyhgdteramtpﬁlﬁre(da‘mm50 m) .
The conbin &%t 2 d brine
sol ution (1 n%m\ﬁ\é\é&lﬁfgphgﬁﬁgg&o\ﬁ - %mli;’/’g %%2 tﬁ’ﬂ}%?ﬁﬂm sul f at e.
Filtr&ion anyl)+yiphyngglenineand 2-[(N,N-diethyl)aminoethyl chloride
: hyd:ochlonde 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 concentration of the filtrate gave the crude product which was%d)urified
by silica gel chromatography using a Biotage (40n) col urm tdJ@st 2104 428 ny
(67%vyield) of N~ [ (1,1-dinethylethoxy)carbonylj

-4-(1, 3, 6-WOIMEIRY| - 2, 4- di oxo- 5-pyri m di nyl)-L- phenyl al anPOEEPS0/11884 :
2- (4- nor phol i no) et hyl ester as an anorphous white solid. ES-HRMS nle calcd
for C27H38N407 (MtNa) 553.2633, found 553.2636 15 c) Preparation of
4-(1,3,6-trinethyl -2, 4-di oxo-5-pyri xni di gyl ) - L- phenyl al ani ne 2-
(4-norpholino)ethyl ester hydrochloride salt 7H3 ON-,,-Oy H3C. N O-\N~ 0
LI-10 C22H31CI NdOs Mol . W.: 466.96 4 June 2004 WO 01142225 PCTI EPOQO' 11884

89 5 10 The & w4 obtained as an amorphous white solid. ES-

N-[(1, 1-di neéajhél et ho y@&ar onyl -4-(ffltg,sgl-l%r‘?fsngﬁﬁ@fﬁa}%ﬁgio- 5-

pyri m di nyl) 28&1‘5?@1 hﬂ?srﬁééééhoarfﬁ%%m}%}et hyl ester (1.6 mmmol, 0.85 g)
was treated with 4N hydrochloric acid in dioxane (16.02 nmmol, 4 nL) at
room tenperature and_the solution was stirred for 3 h as a white

pr eci pi t at e PIFRER! Phd (2.6dichlpsoplengl) earbondli4 (i 3i6-tiimethyl-2.6tdiexa-5¢ he not her
| i quor swas AIHEA]ANGhERBidfsd slue. | lfSt on the rotary
evapor at or gﬁg tﬁgﬁ)ungerﬁiﬁailgh vaguﬁnm goﬁdf)gggj%%S g (99%vyield) of
4-(1, 3,6-trinmethyl -2, 4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne 2-(4-

1y el ) 9L Py YR ac!
5-pyrimidinyl)-L-phenylalanine
o,
OYN 0O
HC TN
CH,
HN OoH
>Lo’ko °
G, Hz NSO,
Mol, Wt.: 417.48
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



d) Preparation of

N-[(2, 6- dlcblorophenyl)carbonyl] 4-(1,3,6-trimethyl -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 2NAW0 o225 W : 603. 49 To a suspension 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 nmol, 0.288 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 for 4ﬂ4h at roomtenperature. The resulting |ight brown

sol uti on was ? I edOW|th 20 di chl oronmet hane (50 nli). The di chl or onet hane

| ayer was was sn cessively with 1IN hydrochloric acid (2 x 50 nli),

sat ur at ed sggb b nate solution (50 nL), and brine solution (50 n)

and was dri 0 rous magnesiumsulfate. Filtration of the drying
p~yave the crude product which was purified by

silica gel chromatographyjusing a Biotage (40n) colum to afford 0.427 4

‘Epe’\r @q4 g (75% yi el d) of

N-[ (2, 6-dichl orophe I.dgr-@nyl] 4L‘f 6-trinmethyl -2, 4-di oxo- 5-

pyrim di nyl) - L- pheryl #anPne 2- (4-nD phollno) ethyl ester as a white solid:

mp 90-94 C. ES-HRVS myHNz@l cd for C29H32C12N406 (M+H) 603. 1772, found

603. 1782. 5 Exanpl e KA. wE’rmfmation of

L1 ot byl - 2 18 30 BRSR B i b B bt (. S2rimethh Bsliondoet hy!
ester  YH3 piyGmidihg)-M4fkenyltininett.21 B3], 9(75 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
T
OYN o
e NN
CH,

0\/\
H~cl HN N
N

C2pH3,CINO;
Mol. Wt.: 466.96




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- nor phol i no) et hyl ester was? #eEpdi04d from
4- 10 (1, 3,6-trimethyl-2,4-di oxo-5-pyrimdinyl)-L-phenyl al ani ne

2- (4- nmor pAD PHERRE hyl ester and 2-cbl oro- 6- et hyl benzoyl @TEPA1888i 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. Preparatigan 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)

Prepar at i on T solid N-{{ l,l-dimethylethoxx)_car:ﬁ)onyl i4{H’?’gibﬁﬁe-‘h}’l'}fé‘afi%%Sisé-

N-[ (1, 1-di net hyl et hoxy) carhonyl]-4-(1, 376
pyri mi di nyl )PYE%‘E‘@%I‘ ?&ﬁmﬂémﬁa@emembo@pngﬁth)és&tm(mmmw-m 01/ 42225
PCTI EPOO/ 118@4te8 WifdHN H:88Mric acid i AitkdReQ1668 HRANB RV rodl: 503.% To a

. 2 .
if[s ?i nil 3|n ng%‘ﬂmfé‘ﬂ-‘w thg selation yagstitnedfon3 hiap a mhite precipitateifosmed. The

B v e di \ . : bonat
(5. 03 ol ?gdiﬁzdf%&ﬁ%%*@?‘sﬁ‘#ﬂ%ﬂ%?‘%%‘ﬁa@%{%%%%?%“y‘?‘? DRSSO ©
mol, 5 616“??@)1“¥ emnihedriser eveppratorpind themnundes highi vetwnre toafost0.75£d f or

48 h. Then, (adoy, 4 > ;B 'g}’g':jﬂﬂglw‘ S ed, W th ethyl
acetate (3 &9950/0%%)? p?ﬁg’ggtcg{r}rﬁb%e ‘ggltoécggjt wer e sﬁ%}gﬁﬂaﬁ&ﬁ%g (2 x 50
m) and bri AORRUROISHYIestsohydrychlonide salt eeaniainetphwie yellowhsalidoBS-HRIBesi um

sul fate. Fi H/é@gédggaﬁl%hm(%r(mm)Qﬁg@?ggggg}dgﬁlwt ration of the filtrate

gave the crude pr | Ch 'was puri I'ca gel .10 chromatography
usi ngt%a Bi otage (40s) colum to obtain 390 ng (77%yield) of N |

(1, 1-dinmeth apyd i ) s N .

241(1, 3, 6- d ?eftg% ?ﬁoip ﬁﬁgic@%@&?? henycarbonyl]-4-(L.2 & trimethyl-2.4-dioxo-

.1- (acet oxy) et Hypyrasidinylab-phendateniph dt(4-ménphelisojethyl esk$- HRVS me cal cd for
C25H33N30g ( MrNaypy526. 2160, found 526.2143 15 b) Preparation of
4-(1,3,6-tri Bt h%l 2 % 4- di oxo-5-pyrirnidinyl)-L-phenyl al ani ne 1-

Y

N
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



(acettoxy)ethyl ester hydrochloride salt TH3 ON, O H3C.NY HCI H2N O O
C2DH26CI N306 Mol . W : 439.90 4 June 2004 WO 01/ 42225 PCT/ EPCE/U®sgiP492 The
solid N-[(I, 1-di rrethyl et hoxy) carbonyl]-4-(1, 3, 6-trimethyl -2, 4-di oxo- 5-
pyri m di nWQ 014223shenyl al ani ne 1-(acetoxy)ethyl ester (1.4 mpgoﬁggQS g) -
was treated with 4N hydrochloric acid in dioxane (20 mol, 5 nlL) at room
tenperature and the solution was stirred for 2 h as a white precipitate
was formed. The mixture was 5 diluted w gy diethyl ether and dish

i oronmet 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 b L35 H; }Eﬁﬁ ester
hydrochl>/or| (ﬁlafés)ﬁgd?gfbrqe[ as %&)a?ﬁ%e%OUS #’gm tlle?& gﬁﬁéﬁs P{esl-cal cd
for C211H2enaosdinybrh-phenylalenipe 21(4umarpbolin ﬂwl ester as aﬁlﬁ@t@)ohdzrrapaoﬁ on of

f (2,6-di
gl: pygi r ui d: ‘r:ﬁa-T' @%ﬁgﬂg#y%giﬂgﬁ?‘%éé Hﬁg§4%iw)wh%z%??%%% N~ O

5 Example 32. Preparation of N-{(2-chloro-6-methylphenyl)carbonyl]-4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 2-(4-morpholino)ethyl ester
G,
OYN
He
CH,

(0]

3

CoHasCIN,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 C3H3sCIN4Os (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



C27H27C6N307 Moi _ W : 576.42 To a suspension of

4-(1,3,6-trinethyl--2,4-di oxo-5-pyrim di nyl)-L-phenyl al ani ne* June;2p04

(acet oxy)ethyl ester hydrochloride salt (0.723 mmol, 399 ng) and 2,6

di chl or ob&8¥@éy¥222%| ori de (0.8 mmol, 0.17 g) in dichloronetm@nnmmﬂ1ﬁu) was
added diisopropylethylamne (3.2 mol, 0.45 nL) at roomtenperature. After
5 mn, everything went into solution and the dear yell ow sol uti on was
stirred for 48 h at roomtenperature. ©je resulting light brown solution
was diluted with 20 dichl oronet hane (50 mi). The dichl oronet hane | ayer was
washed successively with [IN hydrochloric acid (2 x 50 nlL), saturated
sodlun1b|carbona solution (50 m.), and brine solution (50 nL) and was
dried over us omagnesium sul fate. Filtration of the drying agent and
concentratlon %r't : solvent gave the crude product, which was purified by
silica gel 32@"L"‘ Ry using a Biotage (40s) 4 June 2004 WO 01/ 42225
PCT/ EPOO/ 11 93 co to afford 0.312 ¢ (67@6y|eld) of

N-[ (2, 6-di chl or offfn

bonyl]-4-(1,3, 6-
trimethyl -2, 4-di oxo- 5- pyr nyk) - L- phenyl al ani ne 1-(acetoxy)ethyl ester
as a white solid: E;’ RMS rul e calcd for C27H27C12N307 ( M+Na)
598. 1118, found 5 a e 34. Preparation of

N-[ (2-chl or o- 6- et Ayl &en@l)carbonyl] 4-(1,3,6- trinmethyl-2,4-di oxo-5-pyri

ni di nyl) - L- phenyl a¢.gnine,1- (acetoxy)ethyl ester CH3 ON,,.,_ OO0 H3CN
C28HQCI N3O7 Mol . MAL wt.: 1 N [ (2 -chloro-6-nethyl phenyl) carbonyl] -4-
(1,3,6-trinethyl -2, 4-di oxo-5

To a’suspension of N- [(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-dioxo-5~pyrimidjnyi);L—phenylalanine 1-
(acetoxy)ethyl ester hydrochloride salt
s
OYN O
s
CH

Q. .0
— N
Hc.mong/

Mol. Wi.: 433.90



10 pyrimdinyl)-L- phenyl al ani ne 1-(acetoxy)ethyl ester was prepared from
4-(1,3,6- trimethyl-2,4-di oxo-5-pyrinidinyl)-L-phenyl al ani netJune 2004
1- (acet oxy) et hyl ester and 2- chl oro- 6-net hyl benzoyl chloride using the

general pwixedess described in exanple 33 and was obt ai net@moa1sshpi 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.nethyl-2,4-di oxo-5pyrimdinyl)-L- phenylal anine a)
Preparation of

L-[ (1, 1-di met hyl et hoxy) car bonyl ] -prolyl-4-(1,3,6-trinmethyl-2,4- 20

0505 DY Ak kARSI AR E8KSKicp 400 310 N
Ove O Ove Puimidnyls-L-phenylalartine Mactetow)ml@ter (1. Oxrishd), mms@ wasﬁfemem C NO

;ug/ggns?gz %?th%w(li}%ﬁ%lﬂongﬁdﬁ5 oﬁm%n(gl 0X0- 5° B&Saﬁo yﬁﬂpefatﬁﬁear@ltgfzam ne

met hyl est esolayjefr wehstisrédder 2hias a Whiterpoécipidtswagformef3 THe pSxiie wanl , 3. 32 g)
and Ls diluted with diethyl ether and dichloromethane and the solids were collected by

filtration washing with diethyl ether. After air drying, 0.63 g (99% vield) of 4-(1,3,6-
trimethyl-2,4-dioxo-5-pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester
hydrochloride was obtained as an amorphous gray solid. ES-HRMS m/e calcd for
C20H2sN306 (M+H) 404.1816, 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)




[ (1, 1-di et hyl et hoxy) carbonyl ] -proline (8.75 mmol, 1.88 g) in DVF (28 nl)
was 5 added d i sopropyl et hyiamine (21 mmol, 3.65 ni) at roorfl ‘#ﬂ?p%(&) ure.
After 2 min, everything went into solution and the yellow dear sol ution
was stirredofamM22l8 h at roomtenperature. The resulting dackebirirgss -
solution was diluted with ethyl acetate (100 nL). The ethyl acetate |ayer
was washed successively with IN hydrochloric acid (2 x 50 nlL), saturated
sodi um bi carbonate solution (100 nmL), andgbrine solution 10 (100 m.) and
was dried over anhydrous magnesium sul fate. Filtration of the drying agent
and concentration of the solvent gave the crude product which was purified
Y S1sa, et IR ADOTRE Q67BN SN fof- B Rb A el ARl SE91 T, 58. 21 0T
L-[ (1, 1-di ne%lrﬁvﬂbflh%ﬂcw@@r%@mdlpvmlyphenﬂabme& (acetor)kthlyl Gtet-as ia ovhite -

pyrim di nyl ) sdtigp bﬁ'?@ﬂt% & h?ﬁ lid.
ES-HRVB 15 me c'zl!icéd for 46’5 %@%@1’@3‘?@9 %2&'?.1%76. b)
Preparation

L-[(1, §-di rrethyl ethoxy)carbonyl] prolyl-4-(1,3,6-trimethyl-2,4-

di oxo-5-pyrim di n%/jde - phenyl al ani ne O11~11 N-,,- 0 ON,.,,-O 10HN O- O
N = O NaCH, Eramwpleis Prgparation of N-[(3-chisres00@thydplenyicapaamy sA03,62 HHANAO7
g/gl ToV\é' ;ugg‘g‘n“@&hs. O;E]YDM -dio6ls-pyrhtting) -4 HeAfaRRE 1ML Q4] ahgreskecT/ EPO0/ 11884
L-[ (1, 1-di net hyl e?'fbxy)carbonyll-prolyl 4-(1,3,6-trinmethyl-2,4-

di oxo- 5-pyrim OL- phenyl al ani ne nethyl ester (1.51 mml, 800 ng) in
et hanol

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



(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 bf¥s2Qi4s
stirred for 3 5 h. The ethanol was renoved under reduced pressure and the
resi due W@ @ 2aSed with water (25 nlL). The aqueous sol utkcTERsasss@ashed -
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 organigg 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 ny (83% yigld) of L-[(1,1-dinethylethoxy)carbonyll -prlol yl-4-(1, 3, 6-
trimethyl - Ndjz8x0- 5- pyri mi di nyl ) - L- phenyl al ani ne a m.gior phous white
sol i d. ES- 5 g excal cd for C26H34NACY (MtNa) 537.2320), foupd 537.2321.
15 c) Preparatifon L-prol yl - 4 103, 6- txu@ﬂ;éﬁz 4- di OX0- rim'di nyl)-L
phenyl al ani ne N OOHQ dgxane O—|rt ¥ 6H N O

Mol . W. 514.57 M0 fr .. 45 6 The soll OMe

L-[ (1, 1- di net hy|§'%zI xy)arbony‘b%]lx yl - ? G&tq‘r. JLz ﬁ”di Bxo0- 5-
pyrirnidi nyI) le, bal ani ne mmol , 462 ng) was treatft"wicch 4N 20
hydr ochl ori c aMbIdWE1360§ DX ane Nadi! ‘s 4 nL) at room tenpersture and the
solution was stirred for 3 h. Then, the solvent was renoy, 8&; vacuum
and the residue was dri ed under hi gh vacuumto afford aMdl 513 i due
whi ch was ttur i h onltrile
to obtain 3%"!5) 2 &%3%5 b yi e d‘? (f’? Go&ﬂﬂahﬂaf&dl& ép%m]ém% afinine

meth ester hydrochlonde salt (7 mimol, 2.57 g}, HBTU (8.75 mmol, 3 32 cr) 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

AN N~

j\ o . OMe NaOH, EtOH . >L ° . ok
o—”\N 0 45-50°C, 3 h oJ_(N .




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 sal 1 e

anor phous |ight yellow solid. ES-HRMS nfe cal cd for C21H26NACE ( M+H)

415.1976, WO#M22235. 1976. Exanple 36. N[ (2, 6-difluor ophergt/Epawigsry| ] -

-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, 856-trinethyl -2, 4-di oxo- 5-

pyrim di nyl)-L-phenyl al anine (0.743 mml, 340 ng) and sodi um bi carbonat e

(5.94 10 nmmol, 499 ng) in DVF (3.8 nL) was added i odoet hane (5.94 nmol,

0. 475 nL) atTo ra%@péneimedfdt-mg—dﬁk@hﬂ%t&hk&‘)@a:ﬁ@ﬁylﬁbé&lfrleeg(f,?,%itﬁﬁe?i)g%,&oom
e nt o wat er

t enper at ur e. I Xt ure was pour m.) and
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filtrate gavendRETRIEHRS hsrls Andthe yesnliing elsansphafian was gieted for 3

chr omebogr ayThe ¥HaRB] RasHeiodePul 40 3410l Prtdsit- 2P iR 5330w b 2304k 8! d)

of NN[(2,6- difluyoro henﬁl)carbonyl)_ . )

-4-(1, 3, 6-- t‘f’?tﬁrekjirﬁ/m%-z)-, Ahepaucons spltion; Wiasnyrshed -wigh disth| eshérnS0etmiy Itoest er
ol ! AFORO i : _ -

SsrosroNace T mw%“@ horRnurh, el e MRS i N apd, |

Cof N[ (2, 6- dbf PEeHuSS s yrradied dnfpl sthyl-acetats 62 kr3Onmildy The cambined organic

di 0x0- 5- Py ieFdi Vel whsRRM BHAPIARGER (50 bty Nt 0L Bh e st er
4 June. 2004 WO 01] 426225 57 . sORitiéh (gO (nl;i)'\hrfh %lt}yéﬁm%r a.n?xy ous
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 CpsH3N,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




Ca2H34F2N40s Mol . W: 556.61 PCT/EPOO 11884 A mixture of N

[ (2, 6-di | uor ophenyl ) carbonyl ]-4- (1,3, 6-trinmethyl - 2, 4- di oxo-%June 2004

pyrim dinyl)-L-phenylalanine (1.0 mml, 460 ng), 2- [(NN-diethyl)am noj

et hyl 5 cW@##@8shydrochl oride (8.05 mmol, 1.43 g) and potPCS¥ERMMMILIRY bonate
(8.05 mol ,1.11 g) in ethyl acetate (5 nL) and water (5 nL) was stirred at
roomternperature overnight. The | ayers were separated and the agueous

| ayer was extracted with ethyl acetate éf 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

the crude p | i £6: 0¥%e S 0 ing a
Bi ot age. (405 SararpaotEhe oy Riha K RS G alel B TR OP (M 5

di f | uor opheAV3- 14 fowngi4l54976., 3, 6- tri net hyl - 2, 4- di oxo- 5- pyri ni di nyl ) - L-
phenyl al ani ne 2-[ (N, N-di ethyl) am no] ethyl ester as an anorphous white
solid. ES- HRVM5 nfe cal cd for C29H34F2NACH (M+H) 557. 2570, found 557.2575.
15 Exanpl e Bgample 36. N-{(2,6-difluorophenyl)carbonyl}-4-(1,3,6-trimethyl-2,4-dioxo-5-
N-[(2,66-dif pcﬁgﬁ L ] (edtes3, 6-trimet hyl -2, 4- di oxo- 5-

pyri m'sgi nyl %yﬁ&p e 3%&‘%%?\‘ ne _e(e;.%iét oxy)ethyl ester 4 June 2004 WO 01/ 42225
98 F C27H27F2N3O¥H;Mbf . W .: 543.53 PCT/ EPOQ' 11884 To a suspension of N

[ (2, 6-di fluorogbbnyldcarbonyl]-4-(1,3,6-trimethyl-2,4-di oxo-5-

pyrim di nyl)-L-ibhemnyl al anine (0.743 mml, 340 ng) and sodi um bi carbonat e
(5.94 mol y 499AGNA Ry DVF (3-0 nlL) was added 1-chioroethyl acetate (5.94
mml, 0.73 gf 5 @& tenperature. The m xture was stirred for 48 h at
room t enper at ure. pN" reaction m xture was poured into water (50 nL)
and was extracted with ethyl Gicet ate (3 x 25 nL). The conbined extracts
were washed with brifietbol Ugfi o (80 nL) and were

O

F
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



dried over anhydrous sodiumsulfate. Filtration of the drying agent .and

concentration of the filtrate gave the crude product which i ed by
silica gel chromatography 10 using a Biotage (40n) columm to obtain 265 ny
(66% yi el yO81/4323F (2, 6 di f | uor ophenyl ) car bonyl ] PCT/EP00/11884

-4-(1,3,6-trimethyl -2, 4-di oxo- 5-pyrimdinyl)-L-" phenyl al ani ne

1- (acet oxy)ethyl ester as an anorphous white solid. ES-HRVS nle calcd for
C27H27F2N307 (M+-Na) 566. 1709, found 566. 4710. 15 Bi oassay Exanpl es Exanpl e
A. VLA-4 | VCAM1 Screening Assay VLA-4 antagonist activity, defined as
ability to conpete for binding to imobilized VCAM 1, was quantitated
using a solid-ph 2 dual antibody ELISA. VLA-4 ((X451 20 integrin) bound
to VCAM | vvasc?jet ct@,d by a conplex of anti-integrin O 1 antibody:

HRP- conj ugat e nt| “nouse 1 gG chronogeni c substrate (K-Blue). Initially,

this entai Iﬁ%{lﬂ

human VCAM 1'% 0.4 pg

96 wel | plates (Nunc Maxisorp) wth reconbi nant

100 pd PBS), sealing each plate and then allow ng
the plates to st il a for "18 hr. The VCAM coated plates were
subsequent |y bl ocked wit h J25Q4 pl of 1%4 June 2004 WO 01/ 42225

PCT/ EPOQ/ 11884 99 BSK (4 J»r  Meduce non- specific binding. On the day
of assay, all plates Q/ashed ltqvl ce with VCAM Assay Buffer (200 VI/well
of 50 nM Tris-HC, @ m\/l NaCl, 1 mM MCl2,.0.05% Tween 20; pH 7.4). Test
conpounds were di SSOFVET i n 100% DMVSO and then diluted 1:20 in VCAM Assay

Buf fer suppl enented wst !1N5b ng/ mL BSA (i.e., final DVSO = 5% . A series of
1:4 dilutions were pg r@&o achi eve a concentration range of 0.005 nM
- 1.563 pMfor each test corrpound 100 | per well of each dilution was

added to the VCAM coated plates, followed by 10 pl of Ranbs cell-derived

T neubat SR LRofeile SRRt O- RT3 SR B B0 S5 00 1o
pl / wel | VCAI‘EWB‘Q‘}‘YBC#‘IP@FHMWQ(M myealsE0amg)i 2hL(DEN- dl&thﬂ@mmo]ﬂhﬂntl body

was aglded [l and
al | oned totﬂ\fﬁggyﬁdﬁ@eq&ggﬁq}t M@%c u5| on o‘f %%m A’qsﬁl)atl on

period, all S)ia¢tByl acetate (5mL) 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)carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-5-
pyrimidinyl)-L-phenylalanine 1-(acetoxy)ethyl ester



were washed four tines with VCAM Assay Buffer (200 pl/well). A
correspondi ng second anti body, HRP-conjugated goat anti-rrméé“r?eg@%oo pl
per well @1:800 15 dilution in VCAM Assay Buffer + 1 ng/nL BSA), was then
added to ®&epi42e23, followed by a 1 hr incubation at roomd@erseaasyr 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
i ncubation, roomtenp) and term nated byg addition of 100 pl Red Stop
Buffer per well. Al plates were then read in a UVVis 20 spectrophot oneter
at 650 nM Results were calculated as % inhibition of total binding (i.e.,
VLA-4 + VCAM 1 iQHt he absence of test conpound). The results are provided
in the follo 'ngN'I"'é?e Il (A=1C0 <1 nM B=1C50 <10 nM: Table I
Conpound of H’ﬁp FACtivity in VCAM VLA-4 ELI SA Assay 2A 3B 4A 5A 25 4 June
2004 WO 01/422% P00/ 11884 100 Exanple B. Ranos (VLA-4) | VCAM 1
bay Protocol Materials: 5 Soluble reconmbinant hunman
el 7-1g domain) was purified fromCHO cell culture
medi a by i munoaffinity c rogat raphy and maintained in a solution

I

containing 0.1 M Trirs-ighyC .5), 0.1 MNaCl, 5 nM EDTA, 1 mm PNSF,
0.02% 0. 02% NaN3 and. 1 / upgptin. Cal cein-AM was purchased from

Mol ecul ar Probes | 10 thods: VLA-4 (04131 integrin) antagoni st
activity, defined ‘i:Iityto conpete with cell -

CopH5F,NS0,
Mol. Wt.: 543.53

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
mmol, 499 mg) in DMF (3.0 mL) was added 1-chloroethyl acetate (5.94 mmol, 0.73 g)
5 at room temperature. The mixture was stirred for 48 h at room temperature. Then, the

reaction mixture 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%



surface VLA-4 for binding to i mobilized VCAM 1, was quantitated using a
Ranps 15 VCAM 1 cel | adhesion assay. Ranos cells bearing cel4J4@a4iéde VLA
4, were |abeled wth a fluorescent dye (Cal cein-AM and allowed to bind
VCAM 1 i nWaé1rg2sence or absence of test conmpounds. A r epltHyEPON1853
fluorescence intensity associated with adherent cells (% inhibition)

refl ected conpetitive inhibition of VLA-4 nediated cell adhesion by the
test conpound. 20 Initially, this entailgd 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 B3lazd. 686 NAINS 13 YRRRE WBALspyciNasiRas: tUnCtﬁe dy\%& /? e@g%@féo In
PBS, and then bl ocked for 1hr (roomtenpera ure) wt 00'25 Bl ocki ng
Buf fer (1% B&ﬁh&d t@B%WlﬂlW@Ab‘éé@anffcrdG%dlwd}BﬁﬁﬁenMTns-HGlmmgnM Fol | owi ng

o ni ng born BuLHHRRE (UbePY k] o0 BHELER S ErRES Blte disBiyhdin S '

i nverted aude%rmwsemﬂrthagdﬂﬂ&ins@hfﬁcamA Befiér sup ﬁuﬁdﬁw&&w di ssol ved

in 10Q% DVBO an 2 VCAM AdheS| on sa Buffer (4
o Cact o, T PSS it LGS Oic S06hios Seci o T lufions werepesoratd by
series of eagﬁ&vehe@ndedmbﬁm&zwe opsmrnssbmrfme@@h tést dorp o&Qﬂ‘lI(MD

12, 500 vy LBS TR %ﬁ%ﬁ%%ﬁf@%ﬁ%—%@%@cﬁ%ﬁ%ﬁw a0

pl ates, fol bﬁﬁmﬂoboeul:ﬂ)éhvadm RaTinse plates Werdsagﬁhlgﬁﬁ@y ﬁﬁkéd’idd/‘@iﬂhtfbﬂn 1%
a

BSAI PBS) tes ntai ni d ceI | s e allowed to
i ncubat e foF fﬁrﬂ o %ﬁ%@iﬁ’ﬁ@&‘éggg%& B‘St‘@ef)m P? PBS was
adde Pl at EAM ent drag@and 300
pl /wceillol PBSﬁggggd Pl ﬁ!%f; 1210% ﬁ%ﬁ%r@eg& D ott and ttﬁ)to femal ni ng

buf f er gent kfdekipieactt well (Oiyee/pd. m?’ﬁi’d\&mafyeliuf(eﬁ+ﬂ%1ﬂbﬁ- BAAbandlloWRES- HCL,
pH 8.5) wag, ﬂﬁ%’ﬂ% R 1893GH s 'AtQHQ %&%Mkﬁb%&ﬁ éﬁ%ﬁ{e\é shaki ng

platform The es were the rea | uorescence |

Cyt of | uor Zthd fqyeitiges mvmmﬁmémm &ycs’mspc(ndmg tation =
485 nm em ggi,QQ antﬂ?gé}, ﬁR@)-con};.rgﬁted 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,
followed by a 1 hr incubation at room temperature and concluded by three washes
(200p)/well) with VCAM Assay Buffer. Color development was initiated by addition
of 100 pl 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



results are shown in the following Table I, where (A=1C 100;§bM B =

| C50 <10000 nM: Table 11 Conpound of ExanpleActivity in le\fwr\ﬂ_ # Ranos
Cel |l Assay 2A 3A 4A 5B 6A 7A 8A 9A 10A 11A 12A 13A 14B 15A 16A 17A 18A 19A
4 June 200 \@20%5 42225 102 PCT/ EPOQ 11884 20A 21A 22A 23ACHEP00/11884

100

ExampleB.
Ramos (VLA-4) / VCAM-1 Cell-Based Screening Assay Protocol
Materials:

5 Soluble recombinant human VCAM-1 (mixture of 5- and 7-Ig domain) was purified
from CHO cell culture media by immunoaffinity chromatography and maintained in
a solution containing 0.1 M Tris-glycine (pH 7.5), 0.1 M NaCl, 5 mM EDTA, 1 mM
PMSF, 0.02% 0.02% NaN3 and 10 pg/mlL leupeptin. Calcein-AM was purchased
from Molecular Probes Inc.
10
Methods:

VLA-4 (041 integrin) antagonist activity, defined as ability to compete with cell-
surface VLA-4 for binding to immobilized 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 pi 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



25A 26B 27B 28A 29A 30B 31B 32B 33B 34B 35A Table Il 4 June %g X@/\o
01/ 42225 PCT/ EPOQ 11884 103 Exanpl e C Al pha4-Beta? Assay Pro weeks
to one day prior to the assay, Nunc hi gh-binding F96 Maxi sorp i nmuno

pl at es, #MOAHV42235 #439454, were coated with 25ng/ wel | (0. e&pgredfissddCAM
in a5 volunme of 100plIwell. The plates were covered with seal er and
wrapped in saran wap followed by incubation in the refrigerator for at

| east 24 hours. The coating buffer enplgyed was: 10nmM

car bonat e/ bi car bonate buffer nmade up from 0.8 .g/L sodium carbonate and
1.55 g/L sodium bi carbonate adjusted to pH 9.6 with | N HCl. Assay buffers

consi sted of¢ lﬁfo&rm(lg%rﬂg:on%t%g%gﬂl -;cofinl\@ S)? g&fg%l'(”e % | oc:;:DnMg

Buffer: 1% Nonfat Dry MIls in
1640 nedi um @hﬁloadfmstaddeéso thBNr%Mq@ﬁfp@ﬁa&ﬂ:ﬂbwhﬂ@adﬂ@;ﬂ]ﬁMMClZ 50V

TRIS-HCL;  adgoblabbcdisRRYia Q94 BsRPBS). SPlates 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
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pl ates were
t enperature
1501 PBS/ wel

seal ed and incubated in the dark for 45 mnutes at room

15 Fol | owi ng i ncubation, unbound cells were renbd&¥® #P4addi ng
| . The plates were inverted, blotted onto paper towels and

washed by W§@m®iMI22addi ng 2001 PBS to wells and bl ot_ti Nng agpCIVEP§EIIBENI Ng -
buffer was carefully aspirated fromthe wells. A final 100l PBS was added

to each well.
Cyt of l uor 2300 (M I 1lipore) 20 fluorecen

485 nm em ssion = 530 nm. |C50s of egﬁ)ﬁ conmpound were determ ned by

linear regression analysis. The results are shown in the follow ng table
%%&ﬁgle\@ 01142225 105 PCT/ EPO0/ 11884 Conpound of Activity in
say Exam} G&A = 1C50 < 100 nM B = |1C59 <10000 nM C =

ill: 4 June
VadCAM RPM
| C50 <5, 000

10

15

20

25

30

MW%B@WAAM Broto
"Two weeks to one day prior to the assay, Nunc high-binding F96 Maxisorp immuno

plates, #442404 or #439454, were coated with 25ng/well (0.25ug/ml) MadCAM in a

volume of 100l/well. The plates were covered with sealer and wrapped in saran wrap
followed by incubation in the refrigerator for at least 24 hours, The coating buffer
employed was: 10mM carbonate/bicarbonate buffer made up from: 0.8 g/L sodium
carbonate and 1.55 g/L sodium bicarbonate adjusted to pH 9.6 with 1 N HCI.
Assay buffers consisted of the following:

Wash Buffer: 0.05% Tween 20 in PBS

Blocking Buffer: 1% Nonfat Dry Milk in PBS

Labeling Buffer: PBS

Cell Buffer: RPMI 1640 medium {no additives)

Binding Buffer: 1.5mM CaCl,

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
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
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

PBS was poured off and the cells resuspended in cell buffer at a concentration of 2 x 10°
cells/mL for plating in the assay.

The plates were then read for fluorescence intensity on a
measur enent system (excitation

11C 12A 13B 14C 15B 16B 17B 18A 19B 20B



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 <dungR

wherein R is a group of the formula Y-1 Rae PCT/EP00O/ 11884 Y-1 10
wher ei n RA2OaNd22B23 are i ndependently hydrogen, |ower al kypcTiepswiised Koxy;
cycl oal kyl, aryl, arylalkyl, nitro, cyano, |ower alkylthio, |ower _
al kyl'sul finyl, lower alkyl sulfonyl, I|ower alkanoyl, halogen, or
perfluorol ower alkyl and at |east one qgf,,R22 and R23 is other than
hydrogen; and R24 is hydrogen, |ower al'kyl, |ower alkoxy, aryl, nitro,
cyano, |ower alkyl sulfonyl, or halogen; or 15 Rl is a group of the formula

Y-2, which igoa dohMfonoSt 18k éo:gsgb G202 HEE QRLAIPELGed in 100% DMSO were

prepared. First dilutions for the standa.rd, as well as test compounds, were 1:25 into

straight Binding Buffer, while the remaining serial dilutions were into Dilution Buffer

(Binding Buffer/4% DMSO). Stock concentrations and dilutions of compounds for
5 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

10 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.

15 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)

20 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:



ring bonded via a carbon atomto the am de carbonyl wherein said ring
contains one, two or three heteroatons selected fromthe grdﬁﬂp%%%gwsting
of N, O and S and one or two atons of said ring are independently

substi t ut 8400142335 | ower al kyl, cydoal kyl, hal ogen, cyano, BE¥EPo0Qissd| 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 nenbered ring of the fogggia: 4 June 2004 WD 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, hydroxy, |ower al koxy, |ower

al koxycarb QWe kKang lower _alkylthio . |ower alkyl sulfonyl,

| ower al ky mPDPnsllof @éﬁﬁMFMadWRBMIMﬁS,SaY nitro, or R26 is algroup
of fornul aj EXERPIR2O 1A =eliGao R200 i, W\Fdf@sneﬂOMOanﬁeﬂ%b KGI000 BRY) i $
hydr ogen, 6mer aIkyI Alomer alkoxycarbonyl | ower al kanoyl, aroyl
perfl uoro wetr—atd t\au\ Fam 7o, ;
al kyl am nogar bonyl , an&Tanlnocarbonyl or R28 and R29, taken together with
the attacheg8@l nitrogent# om forma 4, 5 or 6-nenbered saturated
het er ocycl g++rg—opHraratty—ecentanring—onre—addi-tional—heteroatom-s$el ect ed
fromO, S,|land N R40, fE Qis -(CH)f 0-, -(CH2)f S-, -(CH2)fN(R27) 1,
-(CH2)f-, RO is H, IOWEr al kyl', aryl, Tower alkandyl, aroyl or T ower
al koxycar bpayH—R40—3 'nmeL—aLkyL__aLyLT_¢4wmm_aLkanQ¥LT_aLo¥L_Jr | ower
alkoxycarb3h§l 20 the 5%rbon atons in the ring are unsubstituted or
substi t ut efdipy Tower amgyl or hal ogen, e Is an tnteger fromo to 4] and f
is an inteber—fromQ_ta

13 B

14 C

15 B

16 B

17 B

18 A

19 B

20 B

21 B

22 B

23 B

24 B

25 B

26 B

27 B

Table II1



25 R2 is hydrogen, |lower alkyl, substituted |ower alkyl, aryigl K or
Lr"'ﬁy %yl or

aryl; R3 is hydrogen, |ower alkyl, substituted |ower alkyl,

aryl; R4 is hydrogen, hal ogen, |ower alkyl, substituted |ower alkyl, or
aryl; R5WQO0H4232ogen, |ower al kyl, chloro, or |ower al koxpCT/BBooimsss

hydr ogen, |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 agroup of formula P-3: --(CH2)h H -4(€H2)9 14, R34 P-3 PCT/ EPOO/ 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 0 to 2; the sumof h and- irﬁ 1 to 3;0or or R6 is a group of
formula P-4: R32 -(CH2)n H{CH2}g N P erein R32, g, and h are as
previously defined; Qis 0, S, -(CH2)j-, or a

1. A compound of the formula I:

o s
Y O gs
R 3,N =
R4
HN” ~CO,R,
5 Ry O
wherein R; is a group of the formula Y-1
Ra2
i N
P
Ré R
Y-1
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:



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 fad@R 2404 | y
acceptabl e salts. A conpound of claim1l wherein Rz is hydrogen, |ower

al kyl , sub¥Oi0i2228 | ower al kyl, arylalkyl, or aryl; R3 is hguEpeenssd oner-
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 | r alkyl, or aryl; R3 is hydrogen,
| ower. al kyl, substituted |lower alkyl, or aryl; and R4 hydrogen, hal ogen,.

| ower al kyl, substituted |ower alkyl, or aryl. A conpound according to any
one of claims 1-3, vhsgein 4 June 2004 WO 01142225 PCT/ EPO0/ 11884 109 R2 is
hydr ogen, |ower al ky], substituted |ower alkyl or aryl; R3 is hydrogen, _
| ower al kyl, subsEut‘ed | ower al kyl, or aryl; and R4 is hydrogen, |ower
al kyl, perfluoro kewer allcyl, or aryl. 5 5. A conpound of any one of
clainms 1-4, wherein R4 is hydrogen, |lower alkyl, or perfluoro |ower alkyl.
6. A conpound of ¥ady one of clains 1-4, wherein R is a group of the

and Rod s 10 hydiisanas MavEEneR B RRRd o fhottpe Bifngedbuel uner e - R
Is a group of th - | ReRA2H 3. are .independently
hydr ogen or hal ogﬂeﬂﬁgﬂgﬁlmgp%g Ovlil\gér 26§ﬁkoggé’%’§mi}f%%§i¥ﬂ&na?’ any one
of clasns 1-4, whpami, hyRoxy,dowerglionp, 16#er Aksrytabing, lowet ARak Sy, Aower

menbered ring of a}kr}ﬁhfocz 'icgr#éraajkyﬁ?u?fo%l, lower alkyl sulfinyl, perfluoro lower alkanoyl,
nitro, or Ry is 2 group of formula -NRgR29, 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,




20 Y-3 wherein R25 is a group of fornula R26' (CH2)e , wherein R26_is | ower
al koxy, 25 Qis -(CH) f-, e is an integer from0 to 4, and %% 2494 nt eger
fromO to 3. 9. A conmpound of any one of clains 1-4 of the forrmula I: 4

June 2004wWWDodpbzs2225 PCT/ EPOQ) 11881 110 0, -N- -,-0 R4 Herrhdaiiest 6 .
RI AO wherein R is as defined in claiml;, R2is lower alkyl; 5 R3 is |ower

al kyl ;. R4 is hydrogen, perfluoro |Iower alkyl, or lower alkyl; R5 s
hydrogen or lower alkyl; and R6 is hydrqggn, | ower al kyl, | ower
al kyl car bonyl oxy lower alkyl, or R6 is 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 claim9 wherein R is a group of the fornmula Y-1 22 LA-O R24

Y-1 15 wherein R22 and R23 are independently perfluoro | ower alkyl, |ower

al kyl, or hal ogenRsBrdgrétitof ferhyldrregen.

2 Raa
~«{CH)—C—(CH2)~N”
FH g N\F134

pP-3

wherein Ry; is hydrogen or lower alkyl; R is hydrogen, lower alkyl, aryl;
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
|

—(CH2A—C—(CHz)g— '
g _p

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




11. A compound of claim 10 wherein R2 and R3 are |lower alkyl; R4 is
hydrogen or |ower alkyl, and R5 and R6 are hydrogen. a 20 ‘ﬁ ”W%Qﬂf‘pound
of claim 1l which is selected fromN [ (2,6-dichlorophenyl)carbonyl] -4-
(1, 3, 6-treolyk222;s 4- di oxo- 5- pyrimdinyl)-L-phenyl al ani ne¢ctApeimigss2004 VWO
01/ 42225 PCT/ EPOQO 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)carbonyl] 4- (1,1696 trimethyl -2, 4-di oxo- 5-

pyri m di nyl)-L-phenyl al ani ne; 5

N-[ (2-ethyl -6- rrethyl phenyl ) car bonyl | - 4- (1 3, 6- trlrrethyl 2, 4- di oxo- 5-

pyrimdi nyl gL eln?io%i-ﬁlﬁ?vl *}kbj{‘m% thyl)-6- et hyl phenyl ]

carbonyl] -4- 1 di nyl ) - L- phenyl al ani ne;

N- [ (2, 6-diBsl p&ﬁ@nl,ﬂl“)er lbmbyﬂxt}xteddow(:namgl,eenarykm hyl - 2, 4- - di oxo-5- 10
pyri m di nyl AR r4i $uor omet hyI ) phenyl ]

car bonyl ] - 4)5‘&5%8% i ipﬁgkﬂﬁlig%}?&@%‘l%}o%ﬁ%y 1°di nyl ) - L- phenyl al ani ne;

N[ [2,6-di-(2-nethylethyl)phenyl]carbonyl]

N (2 2h or G b 2?#‘1’%%"2*’#913? J%%%f?ﬁ%k?'f%’% oy OB ol g o

pyri m di nyl jperflt alkgihi ne:

(2-chl oro- 6- propylphenyl)carbonyl) 4 (1, 3,6-trinmethyl -2, 4-di oxo- 5-

pyri m di nyl)-L-phenyl al anine; N [ [2-chloro-6-(2-nethylethyl)phenyl]

car bonyl ] - 46 1, 3 Ascampavaidiof knpore of2(aims bydp wherria Rpisdigoytyp of thpliermydlal ani ne;

N-[[(2, G-l o oL apheny)) earRArVk folheng | SI UG Pl A Zidies) 870 &

pyri m dinyl)-
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 R33 are mdep'endently hydrogen or halogen; and Rp4 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:



N [ (2-chloro-6-nethyl phenyl)carbonyl] -4-(1, 3-diethyl - he}/\%ﬁ- - di 0x0-
5-pyri mdinyl)-L-phenyl al ani ne. 25 13. A conpound of cl al m 1 QP
selected from N[

(2- chl or oWw® wa2225l phenyl ) car bonyl ] - 4- (1, 3-di net hyl - 2, 4- di oCOF/EP00/11884

pyri m di nyl)-L-phenyl al ani ne; N [(2-bronop-6-nethyl phenyl)carbonyl |

-4- (1, 3-di net hyl -2, 4-di oxo-5- 30 pyrimdi nyl ) - L- phenyl al ani ne; or N

[ (2- br ono- 5- et hoxyphenyl ) car bonyl] 4- % 3-di et hyl - 2, 4- di oxo- 5-
pyrimidinyl] -L-phenylalanine. 4 June 338400 011 4s008’ PCT! EhOO 11884 112
14. A corrpound of claim 10 wherein R2 and R3 are lower alkyl; R4 is

hydr ogen or \@.Er al kyl, R5 is hydrogen, and R6 is hydrogen, |ower

al kyl car bonyboxx{l | over  al kyl, lower alkyl, or Rais a group of formula
P-3: -(CH2)h % B R34 H 9 N, R34 5 P-3 wherein R32 is hydr ogen or
lower al kyl ;. E3As _bydrogen, |ower alkyl, aryl; R34 is hydrogen or |ower
al kyl; h is7an iint ef fromO to 2; gis an_integer from O to 2; the sum
of h and gis 1R% 32 O R6 is a group of formula P-4: R32 - (CH2)h H
(CHa) Cp V~ P-4 15 wher ei R32, g, and h are as previously defined; Qis O,
S, -(CH2)j-, or a grotpi“ofcaJse formula N-R35; wherein R35 is hydrogen. 15.
A conpound of cl ai mnl erein R6 is lower alkyl. 20 16. A conpound of
claim15 which is R~ O

wherein R, is as defined in claim 1;
R; is lower alkyl;
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 [ (2,6-dichlorophenyl)carbonyl] -4-(1,3,6-trinethyl-2,4-dj ‘(j)xo S-

pyrim di nyl)-L-phenyl al ani ne ethyl ester; N |

(2-chl or o- 6- - et hyl phenyl ) carbonyl]-4-(1, 3, 6-tritnethyl
pyri m di nyWwoor4agnyl al ani ne ethyl ester; or a 25 N [ (
carbonyl] -4-(1,3,6-trinethyl-2,4-dioxo-5- pyrimdinyl)-

une 2004

-2, 4-di oxo- 5-

2, pediepboragsphenyl )
L- phenyl al ani ne

ethyl ester. 17. A conpound of claim 14 wherein R6 is |ower
al kyl car bonyl oxy | ower al kyl 4 June ZOOAiéY\O 01/ 42225 PCT/ EP00111884 113 1$%.

Acorrpound of claim17 which is N [ (2,
(1,3,6-trinethyl-2,4-di oxo-5- pyrimdinyl)-L-phenylal ani
et hyl ester;

di chl orophenyl ) car bonyl ] -4-

ne 1- (acetoxy)

N-[ (2-chl oro-6- neth(%-bﬁo%l?/‘l%lggth&?n eﬂl)%r??yy %(% sq%eﬁﬂzzqidl&xgxo 55

pyri m di nyl pytimpdia +IaPh¢HYhéanln<,acet oxy)ethyl ester; or

o e T DA Ay

claim 14 whe ilsphenyldaminwf the fornul a P-3 wherei

n R32 is 10

T RS At S SR i oo

-4-(1, 3, 6-t pyrimidin YZ«- Wemi®e; pyrim dinyl)-L-phenyl al

ani ne 2-

(22 Ghi o or 62 et A P%éﬂlf%ﬁﬁéj-ﬁs%b%n@hmoﬁg (136 rietyh 2

pyrimi di nyl mpfhe et hyl’) ani no] et hyl

i ot p R ecthed B P koA

conpoithd of PEltlmldm]I Lnpleengylataniée; i s a group of the fornul

ester; or N

. 0XO0= 5

i ®ster. 20 21. A
a P-4 wherein R32

(2, 6.di chl of ophasl 3 LaMBRSRafoctiay o nREFROAL c s Rt " 1

pyri m di nyl fioxoghpywinidiayl)-heplEngldlanorephol i no) et hyl ester;

or

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

pyrimidinyl}-L-phenylalanine;

JA-dioxo-5-

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-chloro-6-nethyl phenyl) carb onyl ] -4- (1,3,6-tri

met hyl - 2, 4- di oxo-5- pyriini di nyl)-L-phenyl al ani ne 2- (4- mor pHb{# 3% hy |
ester. 23. A conmpound of claim 10 wherein R2 and R3 are lower alkyl; R4 is
perfl uor oW@oes4222530 al kyl, and RS and R6 are hydrogen. 24.pdy/gRpippqsgad 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-di net hyl - 2, 4- di oxo- 6-
(trifluoronmethyl) -5-pyrimdinyl )-L-phep# al ani ne; N

[ (2-chl or o- 6- net hyl phenyl ) cartonyl | -4-[ "I, 3-di net hyl - 2, 4- di oxo- 6-
(trilluoromethyl)-5-pyrimdinyl]-L-phenylalanine; or 5 N

[
2-fl -614tkl | . | 1, - 4- - i hy- 2, 4-
Eji oxoijgr (()t r} |‘ESé%%ﬁ%@%%*ﬁ%ﬁ#@%ﬁ@ﬁ%ﬁ%ﬂﬁe"sE%' B OR conpound
of cl ai m 10lowi¢erlkylnRRE hydwgRS aad Rsliokelrogankiptwer Bltylcarbbyglopgiiver Byl s | over
| kyl , d | X 1d of claim25 which i
L e B A BB L 2 T

pyri m di nyl) - 3- et hyl -gaephenyl ani ne;

N-[(2,6-dichloro L cqépzqu f1*24-(1, 3-di net hyl - 2, 4-di oxo-5- 15

pyrim di nyl)-3-net hyl - H- phen%/?@dsgni ne; or N [ (2,6-dichlorophenyl)
carbopyl] -4-(1,3,6-trinethyl-2,4-di oxo-5-

pyrinrdinyl)-3- ‘t3hyl - L- phenyl al ani ne. 27. A conpound of claim9 wherein Ri
is a group of formula Y-3 which is a 3-7 20 nenbered ring of the formula:
R25 Q 25 Y-3 wherein RR5 is a group of fornula R2(CHthe , wherein R26 is

| over wherein Rs; is hydrogen or lower atkyl; Rs3 is hydrogen, lower alkyl, aryl;

Rs4 is hydrogen or lower alkyl; h is an integer from 0 to 2; g is an integer from
0to 2;thesumofhandgis1to 3501
10

Rs is a 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.




ai koxy, Qis -(CH2) f, eis an integer fromO to 4, and f is an integer
from0 to 3. 28. A conpound of claim 27 wherein R2 and R3 t &nedfi® al kyl
R4 is hydrogen or |ower alkyl; and RS and R6 are hydrogen. 30 29. A
conpound &¥0Oei/4d205 28 which is 4 June 2004 WD 01/ 42225 PCT/ ¥ bobh88sd 115 -
4- (1, 3-dimethyl -2, 4-di oxo-5-pyrimdinyl)] -N [ [ 1-(2- met hoxyet hyl ) -

cycl opentyl] car bonyl ] -L-phenyl al ani ne; N

[ 1- (2- met hoxyet hyl ) cycl opent yl ] car bonyl ]1134 (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-

et hoxyet hyI CcyC ar L- phenyl al ani ne. 30. A conpound of
claim?9 vvherél %‘%Jh&\éécgreq?m%h’ﬁl kyl; and R4 is hydrogen, and R5 and
R6 are hydrogen. M—Q(Zaa-d:c&lurophmvl)da:bbn)d]-ai(mﬁ@umiahﬁLm%ﬂoss.a group of the
formula Y-1. 32..A und.of. ¢ in R 1s a group of the
fornula Y-I M‘éf“é?‘ﬁ“’ﬁ%gg g? C%} %ﬁ&%‘ﬁl y lower al kyl or hal ogen;
aﬂd ]I324 iIS hydrogHF[(Z-tﬁlowﬁ-xﬂemgrpﬂm%lgﬂltafﬁon?lﬂeﬂ-mﬁé-mml ﬂﬁ:ﬂ.g 4Rlioks-52 ﬁr?)up of
t he mul a an endent|ly hydrogen or hal ogen;
and 4 is ngnmrlg\%%'g@hm?fﬁa b%ﬁ )%6‘?3’? P 30 wherein Rl is a five or
si x menbered bet éi-({)@f&)d}ftmomph%ﬁyll)ctaﬂgodyﬂnﬂ-em,mtﬁn&tE}aJMm@b@n to the anm de
carbonyl wherein ?ﬁ(h onta s one. Q}%\D or three heteroatons sel ected
from the gréup midin P"Efg’ %ﬁ?ﬁ’x@ e%fe or two atoms of said ring
are independently substltuted by | ower al kyl, cycloalkyl hal ogen, cyano,
perfl uoroal kyl , or_ar as @e of sa subst i tyuted at.o

adj acent toii%"hlécegm%ﬁdé’?gﬁ%gﬁa’zlﬂ t‘ﬁégﬁﬂﬁ o%fdth%ﬁssw%l"] 2’3" léorrpound
of cl ¥ m 30 hyfrexgen;R*Rind R* arglowepalieft; 1 Brigahdyg ¥-03.

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




| 36. A conpound of claim35 wherein Rl is a group of forrrullg Y- 3, wherein
R25 is a group of formula 9%-(CHthe , wherein R26 is | over AM¥¥00 s
-(CH2) f-, eis an 30 integer fromO to 4, and f is an integer fromO to
3. 37. A wompwezs of fornula 4 June 2004 WO 01142225 PCT/¥Bbdot128% 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 nedi canent 39. A pham eutical conposition conprising a
conmpound according to any one of clai -36 or a pharmaceutically
acceptabl e salt thereof, and a pharmaceutically 10 acceptable carrier. 40.

A conpound accor gf. 3 one of, clai 17 for i.n the treatnent of
di sease states n&jrg—tdég ‘@@ﬂ?ﬁ%’gﬁ‘?"ﬁ?ﬁ “ﬁ'kﬁ%ﬁﬂ“ﬂ%ﬁaﬁ?&%’%&

VLA- 4- expr etiflugpromethyd5-pyajmédiay])-§.-phenplalaninegat ment  of rheunat oi d

3L The use of = NG SonsPHPRY R U e e 2T
phar maceut i ¢uifluprommethel)+Sapyrémidinl]-Lipheagblaninesort he preparation of a

medi c nt for t at nept di seas state [ d,.b he .bi ndi ng of
VoA Bor VLa-a vl ARG ek i Ppne B BoRR et B imletRE 4T oat mon
of rheunat oidibxar6-ferifinbsomethiyl)i5epyimidirgyl ok iphenylalahiagimat ory bowel di sease
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 @5. A-c3fapound af Adinp Mo whaeitRT anl RAarahwapaibl; R* Bdlydrddesy®at, and a

compat i bl e pfiar TRePULE gal IS LLe"
10
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




into a gal eni cal

adm nistration form4 June 2004 WD 01142225 PCT/ EOP 11884

117 43. The use of a conpound according to any one of clai me? 44 T0r a
pharma- ceutically acceptable salt thereof, in the preparation of a

medi canentwoOor/42228 treatnment of rheumatoid arthritis, nul pCpiEeogaksr osi s,

i nfl anmat ory bowel disease and asthma 5 44. The invention substantially as
her ei nbef ore descri bed, especially with reference to the new conpounds,

i nt ermedi ates, pharmaceutical conpositi ops and uses thereof. 10

10

15

20

25

30

4-(1,3-dimethy}-2,4-dioxo-5-pyrimidinyl)}-N-[ [ 1-(2-methoxyethyl)-
cyclopentyl]carbonyl]-L-phenylalanine;

N-{[1-(2-methoxyethyl)cyclopentyl]carbonyl]-4-(1,3,6-trimethyl-2,4-dioxo-
5-pyrimidinyl)-L-phenylalanine; or '

4-(1,3-diethyl-6-methyl-2,4-dioxo-5-pyrimidinyl)-N-[{1-(2-

. methoxyethyl)cyclopentyl]carbonyl}-L-phenylalanine.

30. A compound of claim 9 wherein R, and R; are lower alkyl; and Ry is

- hydrogen, and Rs and R, are hydrogen.

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.

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
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.
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 Rog—(CHa) e~ » Wherein R2g is lower alkoxy, Q is -(CH2)f-, eisan

integer from 0 to 4, and fis an integer from 0 to 3.

37. A compound of formula
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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 2 pharmaceutically
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,
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,

especially in the treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel .

disease and asthma.

42. A process for the preparation of a pharmaéeuﬁml composition which process

comprises bringing a compound according to any one of claims 1-36, or a

. pharmaceutically acceptable salt thereof, and a compatible pharmaceutical carrier

into a galenical administration form.
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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



