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N- ALKANOYLPHENYh@¥1ANI NE DERI VATI VES Vascul ar cell adhesi on nmbC®ERP&05135
(VCAM1), a menber of the immunogl obulin (1g) supergene famly, is
expressed on activated, but .not resting, endothelium The integrin
VLA-4(a4dbl), which is expressed on many 10 cell types including
circul ating | ynphocytes, eosinophils, basophils, and nonocytes, but not
neutrophils, is the principal receptor for VCAM 1. Anti bodies to VCAM 1 or
VLA-,4 can bI ock the adhesi on of these nononucl ear Ieumr‘r“as-
mel gnoma cells, to activated endotheliumin vitro. Antjibqdies to either
pro;ei n have been effective at inhibiting | eukocyte 1 (ﬂ Al Renfacaind
nifi

preventing tissue damage in several animal nodels of i

Antl-VLA-4 nonocl onal anti bodi es have been shown to bl '

envgratlon in adjuvant-induced arthritis, prevent eosinophil accunmulation

and bronchoconstriction in nodels of asthna and reduce paralysis and

i ghi bit monocyte and | ynphocyte infiltration in experinmental autoimmune 20

ehcephalltls (EAE). Anti-VCAM 1 nonocl onal anti bodi es have been shown to

Wrolong the survival tinme of cardiac allografts. Recent studies have

denmonstrated that anti - VLA- AN -yASANCHT. RHENVEI LAWMENE | PERIUATIUESbetes in

pon obese di abetic mce, and—srgmficantty attenuateTftammation in the

jcotton-top tamarin nodel of colitis. 25 Thus, conpounds whi ch inhibit
the interaction between a4-containing integrins and VCAM1 w || be useful

%s therapeutlc agents for the treatnent of chronic inflammtory di seases

;such as RA, frultiple sclerosis (MS), asthns,

[Eper e

Vascular cell adhesion molecule-1 (VCAM-1), 2 member of the
immunoglobulin (Ig) supergene family, is expressed on activated, but not
resting, endothelium. The integrin VLA-4(a4b1), which is expressed on many

10 cell types including circulating lymphocytes, eosinophils, basophils, and
monocytes, but not neutrophils, is the principal receptor for VCAM-1.
Antibodies to VCAM-1 or VLA-4 can block the adhesion of these mononuclear
leukocytes, as well as melanoma cells, to activated endothelium in vitro.
Antibodies to either protein have been effective at inhibiting leukocyte

15 infiltration and preventing tissue damage in several animal models of
inflammation. Anti-VLA-4 monoclonal antibodies have been shown to block T-
cell emigration in adjuvant-induced arthrit{s, prevent eosinophil accumulation
and bronchoconstriction in models of asthma, and reduce paralysis and inhibit
monocyte and lymphocyte infiltration in experimental autoimmune

20 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.

25 Thus, compounds which inhibit the interaction between a4-containing
integrins and VCAM-1 will be useful as therapeutic agents for the treatment
of chronic inflammatory diseases such as RA, multiple sclerosis (MS), asthma,
and inflammatory bowel disease (IBD).
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and inflammtory bowel disease (I1BD). -2- Accordingly, the present
i nvention weledigat 0 new conpounds of the formula: 5 T /ERD8/05135
pharmaceutical |y acceptable salts and esteys thereof wherein X X, Z and Y
are as defined bel ow which inhibit the binding of VCAM1 to VLA- 4, nethods

Such’ mod canent SSaiOY v op SR EATERn RIBREE R AmbImaR LR O ©

i |l nesses, efopemilal |y infl anmmat ory di seases in which such binding 10 acts
to bring on the disease. As used in this specification, the term"| ower

al kyl", alone or in conbination, rreansxa strai ght-chain or branched-chain
al kyl group containing fromone to ¥ arbon atons, such as nethyl, ethyl,
n- propyl, isopropyl, n- butyl, sec. bu i sobutyl, tert.butyl, n- pentyl
n- hexyl and t he Iike. Lower 15 al kyl Ng#Oups may be unsubstitut ed or
substituted by one or nore groups sel ected}independently from cycl oal kyl,
nitro, aryloxy, aryl, hydroxy, hal ogenz—)ld;az,Hl ower al koxy, | ower

al kanoyl , | ower aIkyIthlo | ower al kyl sulfinyl, |ower alkyl sulfonyl, and
substituted am no. Exanples of substituf | ower lal kyl groups include
2- hydr oxyl et hyl , 3-oxobutyl, cyanonethyl, and 2- 20 nitropropyl.

5 and the pharmaceutically acceptable salts and esters thereof wherein X,
X', Z and Y are as defined below which inhibit the binding of VCAM-1 to VLA-
4, methods for preparing such compounds, medicaments, a process for the
production of such medicaments and the use of the new compounds in the
treatment of illnesses, especially inflammatory diseases in which such binding
10 acts to bring on the disease.

As used in this specification, the term “lower alkyl”, alone or in
combination, means a straight-chain or branched-chain alkyl group containing
from one to six carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-
butyl, sec.butyl, isobutyl, tert.butyl, n-pentyl, n-hexyl and the like. Lower

15 alkyl groups may be unsubstituted or substituted by one or more groups
selected independently from cycloalkyl, nitro, aryloxy, aryl, hydroxy, halogen,
cyano, lower alkoxy, lower alkanoyl, lower alkylthio, lower alkyl sulfinyl,
lower alkyl sulfonyl, and substituted amino. Examples of substituted lower
alkyl groups include 2-hydroxylethyl, 3-oxobutyl, cyanomethyl, and 2-

20 mitropropyl.

The term “cycloalkyl” means an unsubstituted or substituted 3- to 7-
membered carbacyclic ring. Substitutents 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,

25 aryl, heteroaryl and substituted amino.

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.



The term "cycl oal kyl" neans an unsubstituted or substituted 3- to 7-
menber ed cardsensiz ¢ ring. Substitutents useful in accordan®ETEPOH03IAR
present invention are hydroxy, hal ogen, cygano, |ower al koxy, |ower

al kanoyl , lower alkyl, aroyl, lower alkylthio, |ower alkyl sulfinyl, |ower

al kyl sul fonyl, "ﬁ%té}w‘lomaﬁk%wd” xﬁesnw%%& 4 é’%@%onﬁbﬁ fHroh over
alkoxy neans, a stral ht - chai ? hed-chai n al’koxy group c ntalnlng a
max{ mum of _ Suvalant ORI A, foreReRp Srett FSAYY! EREARFO OF ApiSgpEoRY | mercapt

i sgpr Opoxy, @rol@lpt,oxy, tert-butoxy and the I|ike. 3- The term "l over

al kylth| o" rreans a |lower al kyl group bonded through a divalent sulfur atom
f0r exarrple nmgrcgpto or a i s nerca oup. The term
Rty bans a nEhG fer BTy mieAtls S mEHt: oGP SO e Ehhucs a5 SheRyl
napht hyl , swhoxchaplsthyd swhidh ismmbsmmtm‘sm swbstituthyd bgmmanbhtmnhl sulbstf titené nt

v hi’éfée”e  BYRRE S RiehlRes SToir Bl JOYEL afkokf yaldl iver Over
al kyl sul fi nyal,ky[l,duwiroakafYMa}kdxy, byplogen, hivweralkylthiio dowomammsubﬁmnow

B 2 B . e s s eopls
fal kyl . Exanploseergilkanyl and dewer abwn (e amecisds broptpém@ dyubistithents
‘i nventi ongar gredipRrby alk¥pl, llﬁzld!{'bxy, and perﬂuoro lower alkyl. 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.

The term “arylalkyl” means a lower alkyl group as hereinbefore defined
15 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.

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

25 The term “lower alkoxycarbonyl” means a lower alkoxy group bonded via

a carbonyl group. Examples of alkoxycarbonyl groups are ethoxycarbonyl and
the like.

The term “lower alkylecarbonyloxy” means lower alkylcarbonyloxy groups
bonded via an oxygen atom, for example an acetoxy group.

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

The term “lower alkylcarbonylamino” means lower alkylcarbonyl groups
bonded via a nitrogen atom, such as acetylamino.



p- met hoxyphenyl, p-chlorophenyl, m hydroxy phenyl, mnethylthiophenyl, 2-
nmet hyl - 5- nW@HBﬁle , 2,6-dichlorophenyl, 1-naphthyl and theknsiBee term
“arylal kyl ™ neans a | ower al kyl group as hereinbefore defined 15 in which
one or nore hydrogen atons is/are replaced by an aryl or heteroaryl group
as herein defineqd. Any gonvgntional aral kyl ,may,be used.in accordance with
this invention, eﬂtf’cé‘é& alf@ﬁg’ﬂ‘e%%aPH’@"rl“?'koé'.b“‘f%élctaJF" ¥ ?%‘?0855( OUReans an
unsubst i t ut dbndedswidatdarbdeyl groupr EGampledef exdylrgramscarecbéretogt cbar omat i ¢
ring or a 9-_or .10- ”ﬁrghff iGyclig 2 het ereocaromatic ring containing 1,
2, 3 or 4 h&?’é%%%’i}%’ \Aﬁggha}:t‘aeaqdhgéep@ﬁ%lently N, S or 0. Exanples of

het ereoaryl rings are pxri di ne, benzi m dazol e, indole, imdazole,

t hi ophene, i soqiftroterme’ anylixy? aheans amdrylhgroupk as hgueinbefare dlefineds winaeh ned
above for_:" , 4 el i h T The
ferm: | oubr 5 HoRdaATia BEYEEh dok) ThETr e P RrALey BEGS B Bhondsy.

carbonyl group. Exanples of al koxycarbonyl %_roup are et hoxycargon | and
the like. The tdmnkhe fxRstaspeqty thaprrient ixen atesitiera eemRpPuRd KERYE oxy
groups bondegyid@a-an oxygen atom for exanple an acetoxy group. 30 The
term "l ower al kanoyl"” neans | ower al kyl groups bonded via a carbonyl group
and enbraces in the sense of the foregoeng definition groups such as
acetyl, propionyl and the like. Thextepm "I ower al kyl carbonyl am no" neans

| ower al kyl carbonyl groups bonded vi a Bitrogen atom such as acetyl am no.

10 wherein:

one of X and X’ is hydrogen, halogen, or lower alkyl, the other is a group of the

formula:
Rys
\\ R4
E/ Z N—(CH2) 4~
R1 6 o) X"6
wherein:

15 R is hydrogen or lower alkyl,

R15 is halogen, nitro, lower alkyl sulfonyl, cyano, lower alkyl, OH, lower

alkoxy, lower alkoxycarbonyl, carboxy, lower alkyl aminosulfonyl,
perfluorolower alkyl, lower alkylthio, hydroxy lower alkyl, alkoxy lower
alkyl, halo lower alkyl, alkylthio lower alkyl, alkylsulfinyl lower alkyl,

20 alkylsufonyl lower alkyl, lower alkylsulfinyl, lower alkanoyl, aroyl, aryloxy
or a group of the formula R17-C=C-,

R16 is hydrogen, halogen, nitro, cyano, lower alkyl, OH, perfluorolower
alkyl, or lower alkylthio,
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4- The term "aroyl" nmeans an nono- or bicyclic aryl or heteroar 8grosp
bonded vi a wooarnbszmnyl group. Exanpl es of aroyl groups are beR& B& 0p13
cyanobenzoyl, 2-naphthyl and the like. The-ferm 'aryl oxy" neans an aryl
group, as her ei nbef ore defined, which is bonded via an oxygen atom The
preferred aryl gy, W Ri@rd npﬁﬁﬁoh)éterbﬂrﬁhsr Idv&e?tam&pmmh idanpilestenited or

I nvention relatesS to a conpound of the fornula: wherein: one of X and X 1is
hydr ogen, hal ogmhstxbutdd)baeﬂfil aapil, ot hetesosrsd, and a group of the fornul a:
wherein: Rerr] is hydrogen or lower alkyl, R err] is hydrogen, hal ogen,
nitro, |ower aI%yAO%yllf.onyl cyano, | ower aI kyl, OH | ower al koxy, |ower

al koxycar bonyl ,” car boxy, |ower al kyl ami nosul fonyl, perfluorol ower alkyl,

i ower al kylthlo hydr oxy kower al kyl al_lé xy .l ower al kyl, halo | ower alkyl,
al kyl t hi o | ovroRg & Xanéi Ss%gquﬁ/‘l’ff} ?(yl al kyl sufonyl | ower al kyl,
lower al kylsulfinyl, |ower alkangyl, aroyl, aryl, aryloxy or a group of the

fornula R17- C=C-, R[ err] is hydr ‘é ral ogen, Fhl tro, cyano, |ower alkyl,
,. aryl oxy, perfl uorol ower N
y y p @ \(CHZ)a'
5 R1s Rao X-7

wherein Het is a 5- or 6-membered heteroaromatic ring containing 1, 2 or 3
heteroatoms selected from N,O, and S;

or

, Het is a 9- or 10-membered bicyclic heteroaromatic ring containing 1, 2, 3
10 or 4 heteroatoms selected from O, S, and N,

a, R1, R15 and R1g are as above, and

R30 is hydrogen or lower alkyl, or is absent;

or one of X and X’ is a group of the formula:

e
Rod Ryg X-10

? 15 wherein:
R18 is lower alkyl, aryl, heteroaryl, arylalkyl, heteroaryl alkyl,

R19 is lower alkyl, which is unsubstituted or substituted by one or more of
halogen, hydroxy, lower alkoxy, aryl, hetereoaryl, alkylthio, or R19 is aryl

or heteroaryl, and

20 R90 is lower alkyl or lower alkanoyl, or

R19 and Rog( taken together are tetramethylene;

and This Sheet Has Been Replaced
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al kyl, or lower alkylthio, R17 is hydrogen, aryl, heteroaryl, or |ower

al kyl whi clygigapisubstituted or substituted by OH aryl, orpdratmsosiyl, and
ais 0or 1, or one of X and X is a group,of the fornula: wherein Het is a
5- or-6-nenbered heteroaromatic ring containing 1, 2 or 3 heteroatons

selected froo.N, O _and. .S ar t is a 9- or 10-nenbered bicyclic
heteroarona'??&s ?‘igﬁ‘au&?ﬁ?@?ﬁ‘?rﬁ%‘%ﬁ 2, 3 or 4 heteroatons selected fromo0, S,

and N, a, [err] are as above, and [er i s hydrogen or |ower alkyl, or is
absent; or one of X and X is a group the formula: wherein: [err] is
hydr ogen, |ower alkyl, aryl, heteroa aryl akl, heteroaryl alkyl, [err]
Is | ower-al kyl, which is unsubstitut r substituted by one or nore of

hal ogen, hydroxy, |ower al koxy, aryIH etRmeoaryl, alkylthio, or [err] is
aryl or heteroaryl, and Rerr] is |ovwer alkyl 1| over ” al kanoyl, or [err]
taken together are tetranethyl ene;

wherein:

R22 and R93 are independently hydrogen, lower alkyl, lower alkoxy, lower

5 alkoxylalkyl, lower alkylamino, aryl, arylalkyl, nitro, cyano, lower alkylthio,
lower alkylsulfinyl, lower alkyl sulfonyl, lower alkanoyl, halogen, or
perfluoroalkyl and at least one of R29 and R23 is other than hydrogen, and

R24 is hydrogen, hydroxy, lower alkyl, lower alkoxy, lower alkylsulfonyl,

amino, aryl, nitro, cyano, halogen, or is a group of the formula:

N
)
_——N Rgs ? ,HZS ? /R
W N
10 Ros O Ras or Ras

b4

wherein R925 is hydrogen, lower alkyl, aryl, aryl lower alkyl, alkoxy lower
alkyl and R2g is hydrogen or lower alkyl, or

R99 and Rg4 taken together are a fused benzene ring; or

Y is a group Y-2

15 which is a five or six membered monocyclic heteroaromatic group containing
1, 2 or 3 heteroatoms selected from N, O, and S, or a 9- or 10-membered
bicyclic heteroaromatic group containing 1, 2, 3 or 4 heteroatoms selected
from O, S, and N, wherein said heteroaromatic group is bonded via a carbon
atom to the amide carbonyl and one or two carbon atoms of said

20 heteroaromatic group are substituted by lower alkyl, halogen, cyano,
perfluoroalkyl, or aryl and at least one of said substituted carbon atoms is
adjacent to the carbon atom bonded to the amide carbonyl;

and the pharmaceutically acceptable salts and esters thereof.

25



and : -6 - Yis a group of the formula: wherein: R22 and R23 are
i ndependent WO py/thBtigen, | ower al kyl, lower al koxy, |ower 5 PCIBESRYPIP Ky ,
| ower al kyl ami no, aryl, arylalkyl, nitro, ¢yano, |ower alkylthio, |ower

al kyl'sul finyl, lower alkyl sulfonyl, |ower alkanoyl, halogen, or
per f | uor oal kYi‘h@@ngbuha@%f e entinti¥lcA06xi8E 8s |s§ex‘ébﬂ§|6&nér|§aihdﬂ&ﬁrsﬁiﬁ?6me|&§,d
ower ul fonyl,

R24 is hydrogen, .hydr.ox | ower al kyl . .Lower al ko al kyl

anino, aryl, %ﬁl PfB%iu‘é}}&\ﬁl%?nﬁ%prGW!éy‘ﬁ#h?%\éﬁe SFQR?péfgtﬁleth?S?%tr mﬁé&%m\ﬂher ein
‘err] is hydrogen, |ower alkyl, aryl, aryl lower alkyl, alkoxy |ower alkyl
and R26 i s hydr oghna esmpowad oflfegpianloit XR3Q pacfdr&id4 Hyalregen eddthencarsthmt
fused benzene,ring..ar | Sr @& & Y ' ' fi e S|

rember od moncbifel i8R, X7 U UG, Whem 2 I Ickibr A shlihflis Brlferssd.
sel ect ed f sonZNs poefepalydiydsogen.9- or 10- menbered bicyclic heteroaromatic
group containing 1, 2, 3 or 4 heteroatons selected fromO, S, and N,

wherein sai d het ef,par8fRIcuh A9 A mbuta I?LO%%F?}W %eagr%ﬁgtlg V-3l @RidPid Prefatede
car.bonyl and one gr. t@’f carbon atans.of said, 2 t eré)a? omatlc group are
subst 1T ut ed by ToRi RAAGRA Ko Bstivably arendependently hydrogen, Jower alkyl;
nitro, lower alkylthio, lower alkoxy, lower alkylamino, lower alkylsulfinyl,
lower alkyl sulfonyl, lower alkanoyl, halogen, or perfluoroalkyl wherein at
10 least one of R29 and R93 is not hydrogen, and

R24 is hydrogen, hydroxy, lower alkyl, lower alkoxy, lower alkylsulfonyl,

amino, nitro, halogen or a group of the formula:

0
/N /R25 —?'_ /RZS 9 'R25
A TN, —C—N
Rog 0 26 or R2s

3

; wherein R25 is aryl lower alkyl and Rog is hydrogen or lower alkyl,

15 or Rg9 and Ro4 taken together are a fused benzene ring.

Preferably R92 is hydrogen (when R23 is other than hydrogen), lower alkyl or
halogen. R24 is preferably hydrogen, hydroxy, lower alkylsulfonyl, lower alkyl,

halogen, nitro or lower alkoxy or a group of the formula:

N
Né \N
\ /
- N /R25 (l? Ros 9 ,Rz5
NG —$NX —C—N
R
Rze , 0O 26 or Rze
20 wherein R25 is unsubstituted or hydroxy-substituted phenyl lower

alkyl, and Rog is hydrogen,
or R22 and R4 taken together are a fused phenyl ring.

More preferred R,, is hydrogen, hydroxy, amino, methyl, chloro, bromo, nitro,
-OCHjs, .SO2CHs and Ree is H and Ry is '
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perfluoroal kyl, or aryl and at |east one of said substituted carbon atons
Is adj acenf,dfR,bf@ carbon atom bonded to the am de carbonylpcrfsbsiobss
phar maceut 1 cal (y acceptabl e salts and esters thereof. 25 -7- The
conpounds of the invention can exist as st®reoi soners and di ast ereoners,

all of which are.enconpassed within the scope of the present invention. In
a conpound of f la 1 X is preferably hydrogen which neans that then X is
a group X-6, ; ~10. When Z is lower alkyl, nmethyl is preferred. Z is
preferably hydrogen. I'n a conpound of forrmula 1, wherein the group is Y-1,

which is preferred over, Y-2, R22 and R23 preferably are |ndependen )i
hydr ogen, |<m3 ISaPR%fPI‘aMYﬁWémgWh%H Roptisothen ihaa hednogey), lpwae plkyl,

ﬁLFXLZ‘T no, 1@4@3'5 ﬁbn hﬂ qe@hhi ﬁwefroan wmgﬁhggﬁégﬁw -
hydr ogen, rfﬁﬁ ovn%% 1Ry % rer| w i ey
al kyl sul fgnwn] | Bghyl nisbr;ﬁnpppl @9%@1 t?ﬁ'ﬁio?ﬁfbtﬁ{rl chforbOpPBths; ﬂu%l%f ei n

R2
%3 Lcen, § abronel s <SG 560k sSOK o  NHEHa oICRES 1 5 hyar ogen

(when R23 is other than hydrogen), |ower alkyl or
Most preferred Y-1 is selected from the group consisting of:

CHj
HsC CHs CHs

é( é;g @ EIC.

ce E;( o, CC
Ct C(m Ct  CHO Ct B cl,
’ a

CHj
3
}
@\/ R{ o/©\/H
HO cl H N7—-N\ cl
O 4 N¢ | ¥

2 L
\
R Cl Br | Br

CHg ’
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hal og-{en. R24 is preferably hydrogen, hydroxy, |ower alkylsulfonyl, |ower

al kyl, hal ogeosy/assamo, nitro or |ower al koxy or a group of tW&Wﬁ/ﬂﬂé5
wherein [err] is unsubstituted or hydroxy-sghstituted phenyl |ower alkyl,
and R26 is hydrogen or R22 and R24 taken toget her are a fused phenyl ring.

More preferred S h@ro hydr oxy, met hyl , or 0, brono,
ni yro -[err] -8- [err] Is prefe y hydrogen ( R22 is other
than hydrogen)s wey, al kyI 'v : aI kyl a oschipwer  al k ige;Hpal ogen,

nijtro, perfluoro Iomer elkyl Iomer a}koxy, Iomer al kanoyl ,
afkylsulflnyl or lower alkyl sulfonyl. R23 is nore preferably et hyl ,
ethyl, iso-propyl, tertbutyl, trifluornethyl, chloro, brono, fluoro, nitro,

_-[err] Most pr. ed Y-1is cted fromth igroupc ting of: [err]
[err]
SCHS OZCH3 OCH3 ,
[:( @\/ {
H NHCH O’&
2 L, % or H .

In a compound of formula 1 where Y-2 is a monocyclic heteroaromatic or a 9-
or 10-membered bicyclic heteroaromatic group, this heterocycle is preferably

Quin

ST

! selected from the group of:

5
| More preferred Y-2 groups are of the formula:
| CHg
Ha N Fa
7/ ~ =
L (O |
N CH , O7™CHs _HsC l\(CH3)
Hs
N
N7
CH—¢
CH3 or _uN’
10

In a compound of formula 1 wherein X is X-6 the groups Ris and Rie preferably
are independently hydrogen lower alkyl, nitro, halogen, perfluoroloweralkyl,
cyano or aryloxy. More preferred Ris or Rigis H, methyl, nitro, chloro, fluoro,
trifluormethyl, cyano or phenoxy.



In a conmpound of formula 1 where Y-2 is a nonocyclic heteroaromatic or a 9-
or 10- nmenber Leyclic heteroaromatic group, this heterocy '

pr ef er abl y%\é(gggé@?ie:% fromthe group of: Mre preferred Y-2 g?gglgﬁglgsel:asof t he
formula: CH3 [err] In a conmpound of formin¥ 1 wherein Xis X6 the gr oups
[err] preferably are independently hydrogen | Qqwer al kyl, nitro, hal ogen,
per f | uor ol owdios Wﬁf,eré%ﬁhr?gscﬁ’mﬂp%%&?fthﬂfoénmléf erred [err] is H nethyl,
nitro, chloro, fluoro, trifluornethyl, cyano or phenoxy. [err] In a
conpound of forla abl§Na 5- or 6- 5

menber ed non e g4 Qf 3 nitrogens, or
. @- preferred the
f

a nitrogen andHa S r, ~q4 rogen 2 n oxygen
het erocaromatic rin s [erd] | comﬁbun formul a erein Xis X-7and
Het is a bicycic 10nhgteroa cring i #eterably cgntains from1l to 3

nitrogens as the heteroatons. Mre ’preferably, the bicycli¢ heteroaromatic
ring i s 4-quinoldny H31-i soqui rgol inyl or N

~ H l } H
N N
N q{N\ 0N ~
c .

C , F O Lor

In a compound of formula 1 wherein X is X-7 Het is preferably a 5- or 6-

5 membered monocyclic heteroaromatic ring containing 1, 2 or 3 nitrogens, or a
nitrogen and a sulfur, or a nitrogen and an oxygen. More preferred the
heteroaromatic ring is

In a compound of formula 1 wherein X is X-7and Het is a bicyclic
10 heteroaromatic ring it preferably contains from 1 to 3 nitrogens as the

heteroatoms. More preferably, the bicyclic heteroaromatic ring is
N-N AN
/
o 5
4-quinolinyl, 1-isoquinolinyl or N

Regarding the substituents in the X-7 heterocycles R1.5 is preferably hydrogen,
nitro, lower alkyl sulfonyl, cyano, lower alkyl, lower alkoxy, perfluorolower

15 alkyl, lower alkylthio, lower alkanoyl, or aryl. More preferred Rais is isopropyl,
methyl or phenyl.

Ri1s in X-7 heterocycles is preferably hydrogen, halogen, nitro, cyano, lower
alkyl or perfluoro lower alkyl. More preferred Rie is methyl or triflouromethyl.

Ry, in X-7 is preferably hydrogen or lower alkyl, especially methyl.

20 Preferred X-7 groups are of the formula:

' N— N—
—¢ H N=¢C H Hs Ha
\_4 \ ¢ U TN
, , Hs , CHq CFa ,



Regardi ng the substituents in the X-7 heterocycles R[err] ny
hydrogen"%or‘i’P‘Elf’-’é2 | ower al kyl sul fonyl, cyano, |ower alkyl?¥ C?@%@&Eé? oxy,
perfluorol ower 16 al kyl, |ower alkylt hi-d,l-l ower al kanoyl, or aryl. More
preferred Rerr] is isopropyl, met hyl or phenyl. [err] in X-7 het er ocycl es
is preferably hydrogen, hal ogefs nitr cyano, |ower al k%‘a or perfluoro

3 t

| ower al kyl e preferreqﬂ repis yl or triflour yl. [err] in
X-7 is pref hydr ogenn o, r —-Nespeci al Ipy. 20 Preferred
X-7 groups| arf o "t"hel"é [de] 1 nPa pregecé OdINTEI’lt of X-6 or
X-7 R 1is ogen. | Rghother a is 0. Yy, n a conp formula 1
wherein X is X- ’8 is preferably | ower al kyl or phenyl, wherein the
phenyl ring is u tituted or nonosubstituted by hal ogen, hydroxy, or is

gthR18 is tertbutyl, phenyl, phenoxy,

9 i preferably Iomer al kyl which is

r substituted 10 or phenyl wherein the phenyl
ri.ng i s unsubgtjtuted or nonoSupstituted by | ower al koxy or hal ogen. Mre
preferred R er S nethyﬂyiisabutyl, benzyl, 4- chl orobenzyl,

4- met hoxybenzyl or 2-pyridylnmethyl. Wien R20 in X-10 is | ower al kyl nethyl
Is preferred. Preferably it is |ower al kanoyl, especially acetyl..

phenyl | ower a}\\
chl or ophenyl or
unsubsti t 4

In a preferred embodiment of X-6 or X-7 R, is hydrogen. In another a is 0.

5 In a compound of formula 1 wherein X is X-10 R18 is preferably lower alkyl or

phenyl, wherein the phenyl ring is unsubstituted or monosubstituted by
halogen, hydroxy, or is phenyl lower alkyl. More preferred Rj§ is tertbutyl,

phenyl, phenoxy, chlorophenyl or phenylethyl.

R19 is preferably lower alkyl which is unsubstituted or substituted by pyridyl

10 or phenyl wherein the phenyl ring is unsubstituted or monosubstituted by
lower alkoxy or halogen. More preferred R}9is methyl, isobutyl, benzyl, 4-

chlorobenzyl, 4-methoxybenzyl or 2-pyridylmethyl.

When R0 in X-10 is lower alkyl methyl is preferred. Preferably it is lower
alkanoyl, especially acetyl..

15 Most preferred groups X-10 are of the formula:

H Ha
Q Hscz/"', s ) 3
Hg N i N—
73 s H
- Ne— CHa 3 N
0 OH




15 Most preferred groups X-10 are of the fornula. [err] The conpounds of
the inventi 3?/ 43 fl ude the pharmaceuti cal I y accept abl e sal tRCTAERPSBS3ET S

t her eof . 1534 prefered esters of the jjvention are useful to 5 inprove
bi oavai | abilty of conpounds of this invention. These preferred esters are
of the formula: [err] V\hereln X, X, Zand Y arg as descrrbeq;li boge; and
Rlerr] is |o Nal kyl, or rt |sagroupo romul a P-i éﬁr
wherein: R eqr]pJis hydrogen r. A ower al kyl, S hydrogen kyI
aryl, 5 4 IS hydrogen or ower aIkyI hl i sTan |nteger fro

g is an integes, r5nOto , ofhandg
Hs N H3 Haf N O
O ?
c,
CHs HSC\KCHs Hy Ha HaR(CH-?
l,,|j\N— \/N__ H I;%N—
H N 3
L HSC\(N SC\ﬂ/ C\g/ ‘&CHs
" N— 0 0 ’ HsC CHs ,
Hgl N
o)

and H .

The compounds of the invention include the pharmaceutically acceptable salts
and esters thereof, Certain prefered esters of the invention are useful to
5 improve bioavailabilty of compounds of this invention. These preferred esters

are of the formula:

X’

LT
Y Oo

wherein X, X’, Z and Y are as described above, and Ra1 is lower alkyl, or Ra1is

a group of formula P-1:



Rlerr] is a group of formula P-2: [err] wherein: Rerr], g, and h are as
previ ous| yweledrioaed, T is 0, S, -(CH2)j-, a bond (when j=0) RIT/EPIGIOBIIP oOf
the formula N-R35, Rlerr] is hydrogen, |oygr alkyl, |ower alkanoyl, |ower

al koxycar bonyl, and 15 jisQlor2. Particular |ower alkyl ester groups
are methyl, ethyl, butw,, 1-methylethyl, 2- nethylpropyl, 2-methoxyethyl
and 2-hydroxyethyl. A dart | cuI afﬁaaPl group is 2- dinethylam noethyl .

Particul ar P2 gr éphol i nyl ) et hyl, 1-

met hyl - 2- (4- nor phol i nyl) et hyI #ret hyl - g peridinyl,

2- (1-pi perazinyl)ethyl 20 and 2-(4-nethyl -1-pi perazi nyI )ethyl. Rerr] is
preferably methylhetfy! or 2-(4-norpholinyl)ethyl.

Rsz is hydrogen or lower alky],

Ras is hydrogen, lower alkyl, aryl,
5 Ra4 is hydrogen or lower alkyl,

h is an integer from 0 to 2,

g is an integer from 0 to 2,

the sum of hand gis 1 to 3; or

Rs1 is a group of formula P-2;

Raa

~{CHa)y C-(CHz)g-N
10 \—/ P-2

wherein:

Ras, g, and h are as previously defined,

T is O, S, -(CH2)-, a bond (when j=0) or a group of the formula N-R35,

Rss is hydrogen, lower alkyl, lower alkanoyl, lower alkoxycarbonyl, and
16 jis 0, 1or 2.

Particular lower alkyl ester groups are methyl, ethyl, butyl, 1-methylethyl, 2-

methylpropyl, 2-methoxyethyl and 2-hydroxyethyl. A particular P1 group is 2-

dimethylaminoethyl. Particular P2 group are 2-(4-morpholinyl)-ethyl, 1-

methyl-2-(4-morpholinyl)ethyl, 1-methyl-4-piperidinyl, 2-(1-piperazinyl)ethyl
20 and 2-(4-methyl-1-piperazinyl)ethyl.

Rsy is preferably methyl, ethyl or 2-(4-morpholinyl)ethyl.



[err] - 22 - as rheumatoid arthritis, multiple sclerosis, inflamuatory
bowel disease, and particularly in the bi ndi ng of eosi nopmct”BE!t‘XS/Obl}ﬁrmnary

endot hel WRP%HBLh i s the cause of the pugmnary i nfl ammati on which occurs
in asthma. Thus, the conpounds of the preSent invention would be useful for

the treal n;?éfeg;ed compounds of formula 1 and 2 are selected from the group:

(?Nj\cog}a HN™ ~COzH
SCHs OCHs

oo % Tro, o,

!

F N
O O

NHCHa , CF3 , SOZCHs

; ;‘ |
GL Qfﬁ 'Y
HN 0,CH3
HN” ~COzH
o
o CHS O o} CHg

il HaC CHs
O ?
o¥ é@ :
N
Cl
H COH OH
Hg HN Ha HIY z
0 o} o) 0
H3 CH3 , CHs



5 asthma. I n another aspect, on the basis of their capability of inhibiting
bi nding of VCAM1 and fibronectin to VLA-4 on circul ati ng PQIBRESH IS,
eosinophﬂY%?wﬂgé%phils, and nonocyt es, tgs conpounds of the invention can’
be used as nedicanent for the treatnent Jf disorders which are known to be
anpl es of such disorders are rheunmatoid
ma, and inflammatory bowel disease. The
used in reat nent of di seases
The pul nonary

associated lo w th such binding.
arthritis, nultiple sclerosis
conpounds of the invention ar
whi ch i nvol x®@

i nfl ammati d ted to d nfiltration
into the lun S blnd to egdophel ich has
been activat®d By soAe 0 subst ance.” Fufjt her nor e,
conmpounds of t k& bi ndl ng of VCANF%‘ ' CAM t 0
the cellul ar receptort™al 5t own as LPAM wHch'{l s éxpressed
on_| ynphocytes, T |l e the 20 iS€r ol e of

R 2 % 1 condi tions
such as asthma is no Hcorrpletely under st og conpounds of €adHgventi on
whi ch inhibit both al*pha4-betal and al phad-beta7 receptor binding are
particularly effective in animal nodgls of asthma. Furthernore work with
monocl onal apij Jddi es to al phad- )
25 al pha4-b bidi ng to MadC4

i nfl ammat or kN

ot her di sease

CHgHN” COH
0]
CHs
; :
H
N
ct O
| HN® "CO-H
O
HO , OH ,
0 OH
OH 9 HN._,O
CHBY\;]/LL
H HN. O N
CHg H Cl
CHs N Ha /N
/ CHa

CH,

oH , OH



damage or synptons. The conpounds of the invention can be adm ni stered
orally, rectally, or 30 parentally, e.g., intravenously, pCI/ERISPSESI arly,
subcut ané¥Q9PY8312 nt r at hecal |y or transdg&g&lly; or sublingually, or as

opt hal mal ogi cal preparations, or as an-aetosol for the treatnent of

pul monary i nflammati on. Capsul es, tablets, suspensions or solutions for
oral administration, suppositorie§ injection solutions, eye dropg, salves
or spray solutions are exgpR| M ni stration 35 forns.

i ntramuscul ar, oral in [ agmnistration is

adm ni strat g, T Sages A N W the conpoun

adm ni stered I nef ffectivve anounts Hdepgpd on the
active ingrediCeft

node of adninis%%gg?on.
means, e.g., by se-| |

be determ ned by an}
trials. Thus, t
ﬂ a host suffering froma drse
g to VLA-4-expressing cells i s H causative
factor in the di sease synptons or damage by adm ni stering an anount of a 10
conpound of the invention suffgcient to inhibit VCAM1 or fibrone '
bi nding to VLA-4-expressing cells so that said synptons or _gaid dakage is
reduced. In gener
preferred,

~

-

Ha HH3O OH cl O @j\
HN._.O COzH
N

T
[~]
O:#F
>(z
(@)
o
w
I
w:t;
I
oE ;-——-‘z
& O



st e T RS

wi th dosages of 1-25 ng/kg per day being particularly preferred, and
dosages of 1-10 mg/ kg body wei ght per day being espeical | y PERGRIBPESS 15
The i nvenVPM WPt her relates to pharnacgfchal conpositions or mnedi canents
whi ch contain a pharmaceutically effective anount of a conpound of the
invention and a pharmaceutically angyt herapeutically acceptable carrier.
Such conpositions may be fornul ated Jpy any conventi onal~ge&ns by bringing a
conpound accordigg to theg gresent [ nt Hon into a 20 rledgcal
adm’nistration tggetﬁr with B {cal ly in&Yf “war

| desired,o JYa®

added. Tabl éfs or granulgiRs can contain a seriles of binders,

) mat eri al .
ees may be
fillg

carriers or diluents.cdicgui § conpositions gann r exanpl egti | ?orn1
of a sterile 95 watel-phsciilgysol ution. psul &s can cont ai 5K1er or
t hi ckener in additi 0 ¢he active i ngr nht .© Furt her nor e,

flavour-inproving a ves as well as s ces usual ly use¥axH,
preserving, stabilizing,®noisture-retaining anhd enul sifying agents as wel
as salts for varying the osnotic pressure, buffers and other additives can
al so be preshfi Fs  The previously nentione F%arnier materi al s and

di tuents can co ﬁny conventional pharnmac } pt abl e organic

or inorganic su ., water, gelatine,j |a¢td arch, magnesi um
dosage forns, such as tablets}and capsules, preferably contaifp 35 from 25

stearate, talc, pol yal kyl ene gl ycol $nen Oral unit

Hs Ha .
H
N \\,(N "
S N=
Hso\')— J @1 el
HaC
Gl HN” COM Gl HN” “COM
CHa , CHs ;
N7 il N= I
4
Lo ©j\ CH3—<)\N/ 0
@ | HN” COM Gl HN” “COM
éigo @iko
CHS s CH3 ’



PSINESS

- 24 - The conpounds of the present invention nmay be prepared by an
conventional means. In reaction Schene 1, a conpound of f®OQTWERSPSI3A which
Rl is H o¥OPHWBA2 al kyl , and which is a wn conpound or can be prepared by
standard net hodol ogy, is treated with & r®duci ng agent capabl e of
selectively 5 reducing a nitro group in the presence of a benzylic al cohol.

This procedugle §s advantageously~gardied out in the prgsence of a

derivati zi ng : of the fornul § RBMOCOX wherein X i aﬁving group and
R2 is tert- | or the e SQ hdi cleavabl e
protecting _ | eadi ng directly for 2. For

exanpl e, this procedw
hydr ogenati on of 1 over
di-tert-butyl dicarbohd
tert-butyl. Conver shQp~

Pdo in et hyl acet ae in the presence of
eQ@Hgi ve a derivadNvE€QH 2 in which R s CO

@ an al dehyde @a‘?@ul a 3 can be c edOout usi ng
X

any one of a vari ¢ i di zi ng agen apabl e of oxi di zi grenzylic
al cohol to the 15 gespondi ng al dehyde, %or exampl e activated manganese
dioxide in a suitable solvent, for exanple dichloronmethane. Reaction of 3
to give a dehydroam no acid of fornmula 5 can be effected by treatnent with
a Wttig reagent of fornmula 4 in which R3 is lower alkyl and R4 is an

al koxy group, for, exanple benzyl OXyy, or tert-butoxy- or represents a
portion of oneoofﬁt acyl

O N oH
CH

N HN"COzH N”  HNTCOH Y | 4 Br

0 OgN@\)“o CHs .

Br

* N

H
H O N ©
N 7
¢ O z | > |
\N COH N F il CO-H
O

HN

HN COH
F
Br F ’
CH:0O
cl o S Fa
d“NH NH NH
Cli [ > NO, : j F ©\J
F HN” ~COzH F
@:L o @O do
F F " ’

>



20 groups of the conpounds of the invention, for exanple substi&&ﬁgg | ower
aryl. For exanﬁgg treatnent of 3 with ()-N—(benzyloxycarboﬁ?TTya-
phosphondﬁpfgg 3 trimethyl ester in the pgesence of a suitable base for

exanpl e tetranethyl guanidine |leads directly to a dehydroam no aci d of

formula 5, R3 = nmethyl and R4 = benzyl oxy. EnapkiBbel ective reduction of 5
ofﬁa nunber of reducing
the

N

to 25 the L-amino acid 6 can begyeffected by
agents suitable}Ior t he purp 7 Hor exanpl e, ed
et hyl - DUPHOS phoNliaQ r eagent N J., Feas¥eQ IRy
Harlow, R L. J. Chem Sogy @99 15, 10125) usi ngne

| y descri bed
Nugent, W A.;
sptially the

literature [err] One pro

. ss for the cgnvgrsion of conpounds
of structur NNt CHNO nds of_ t he H\hvePt on i s s h Reaction Scheme
2. The protectiniEi By P incorpoP t can be renow&dcunder conditions

11C !

dependent on th particul ar choi R2 as well a$£H®3 and R4, The choice
of these groups 'be dependent on the particular target conpound. A

vari ety of comon protecting groups and their use are described in "T. W
Geen and P. G M Wits, Protective Goups in Oganic Synthesis, 2nd
edition, Wley Interscience, New York, 1991" For exanple when R2 is a
tert-butyl group and R3 is | ow i
group or repreggnts a portion

aZikyl 10 and R4 ige QFr a benzyl oxy
¢l of the acyl f _{he conpounds of
t he inventi f&r exanpl e or ™R S ed aryl,
N\© & o ¢l O

oo Q HN™ “COzH

HN"~COH COH

o ; Joadl

JX |

CHa Br C

Cl , H2 ] s )

\ |
H NH
N
|
o]

0
HN” SCOH 3~w OH
H
° O/[::L~"Ijl Cl ©
\ H !
cl , ’
? H
o) 3
H
cl
cl O
o
"

/@:Z\N H | HN” “COH
H N~ Y



treatment with trifluoroacetic acid either neat or in dichloronethane
solution in the presence of suitable scavengers, for exarrmfi-if,/EP93’°5‘3°
triethyl sWPa?ﬂ’éo%f anisol leads to a co nd of formula 7. This conmpound
can be coupled with a 15 carboxylic acid”of fornula 8 usi ng standard

pepti de coupling conditions, for exanple HBTU in the pr&sence of DIPEA in a
pol ar, apr ot jc gr%vent such as DW atHa terrperature vvean O [err]C and
room t enper ’ g ylic acid of

0 give a conpouriii mul a 9.
formul a 8, epresent a s bst ed al kyI ; bstituted
aromatic rin stituted &y ervar matic ring. R[err y al so
i ncor porate h‘?tably pr dt ect ed @ iYe fu Th@q'illtles to oLal
2

conversion into corgoy t hei ndent i o hoi ce and é’e of such
groups will be appafenk to those skill g he art. -
the choice of R4 wh@ther an ester|jor, aC|d is the finally % of the
synt hesi s, conpouny oClt he inventi 8CorNin“the case
that R4 is a protecti ng group,” for exanple, a benzyl Group, it may be
removed under appropriate conditi 1f or exanpl e by IN/ti 5

sohvent such as ayf oyer qohol to give

pendi ng on

a compound of This i can be co@Gpl &d
car boxylic aC| d la 11 using g{_pepti de coupling cohditions,
for exanpl e ¢#BY ¥ esence 0 pol ar, apr otgrg b1 ¢9dt such
as DV at a N°  HNTCOM Hg N ~C02H N
Ha N-N
v © Ty °
N | N=
(0] CH3 , H3 y ?
|H | |
N H
i
Oj\ 4 6 \©\/L a o
N\\/KO HaH 2! .
Ne 2 0]
s
HSC\R_ CHS_(%'\N/ ci
CHa , ’
|
H C!

Hs

Cl



tenperature between O [err]C and roomtenperature to give a conpound_of 10
formula 12, bshdsipe carboxylic acid of formula 11, R6 may r HETERIROS1S
portion of a’conpound of the invention, fgf_exanple ortho-substituted aryl
or hetereoaryl. These.conpounds are known conmpounds or can be prepared by
known met hods. RG, may al so incorporate suitably protected reactive

f oqypermt final conversi rfil,o conpounds of the invention.
The 15 choi cg such groups wi | e 8ppakent to those skilled in

. i is the target conpouhd, versi on of a conpound of
formul a 12 cafl! b® ef tey using standar Chydr ol conditions appropriate
for the particul ar choi celof £LHany functional gkoups BL t as part
of Rerr] and R6. | ng dse wher'e R3 is | owercHal Kyl , treaiﬁgﬁaihﬁth an

al kali netal 20 hydrloxideg Q3 or exanple lithiu osde in ayous THF is
generally effectiv [err] In reaction Sché 3, a compound of fornmula
14 in which R7 is r al kyl group which nay*Sefve as a protecting group
or a group suitable for use in a prodrug for exanple methyl, ethyl,
tert-butyl or the like or represents a 5 cognnection to a solid phase
resin, for e a Wang resin, is co 'w&th a carboxylic acid of
formula 11 u SH dard peptide coupl candidti ons, for exanple HBTU in
t he presence S} U P a pol ar, aprotiCI %Dlv= such as

00 CHs
Cl , Cl ’
cl
H
s
cl (@)
HaG OH
Hy N
) -
0

This Sheet Has Been Replaced
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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

10 to VLA-4 on such cells is known to be implicated in certain disease states, such



DMF at a tenperature between O [err]C and roomtenperature to give a
conpound ofpfoghieiha 15. Reduction of the nitro group of 15 yeancmsnsfsect ed
by 10 catalytic hydrogenation for exanp_lﬁ using Pd[err] as a catalyst or
by treatnment with a standard reduci ng age ?‘ for exanple SnCl2. The

resulting co und of. structure 16. s useful .as a key inter late for
Ceveral cer AESBERIMAHSL IS iniRipIE seRirds MRgiRT BT P TTOSEREHE 488,
can be couppestivalablyin Hos binding of eedinophils kmgukhenaey endethiliden edugh ing
condi tions, for_example ' D at esenge,; o ' :
aprotic sol %%falg%ecé@%l%e ;B@Hﬁﬂg%iﬂa&%&%ﬁﬁgﬁg&r%{: glr{ﬁ@%%ﬂ\?\’e@%pgl‘?gértp C and
r oom t enper abowpeunds gf vhe aresemponventidn fxanad ba usefuldonpbe txkathendywibe a
conmpound §f a%{}g:ffnianvent i on dependi ng on the nature of R7 or nay be converted
to a conmpound Of the invention by an appropriate hydrolysis procedure, for
exanple in the case where R7 is |ower 5 alkyl, bE_ hydr ol g{_si's_ bryb't r eat ment
with excess al kanianpsher asgeast.oon the basieiof skeiricappbiithypdinhikienerbindingotis
al cohol . Wy REL-N 8RICABIrbcBn tdSVDAS bh 2B c8 1t g $RhbHoBRAS CectUHIER, S,
appropri ate_hydr O;IIySI s, condit] onshvm | 1 dep(ind n t'he chdice of resin. In
the case of PAAPBIHSAN mopegytesnthe sampeyndy %fri&i‘é‘é'ﬂ“ﬁm&éia& be usetkasr esence -
of appropri ahedisgmeander therrehtmentiof disafdasiwhich drerkivven i8be Beasdiated
Scherre 31 ervsrri]th such binding. Examples of such disorders are rheumatoid arthritis,
multiple sclerosis, asthma, and inflammatory bowel disease. The compounds
of the invention are preferably used in the treatment of diseases which involve
pulmonary inflammation, such as asthma. The pulmonary inflammation
which occurs in asthma is related to eosinophil infiltration into the lungs
15 wherein the eosinophils bind to endothelium which has 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 alpha4-beta7, also known as
LPAM, which is expressed on lymphocytes, eosinophiles and T-cells. While the

20 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 that compounds which inhibit

25 alpha4-beta7 binding to MadCAM or VCAM are useful for the treatment of
mflammatory 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.

The compounds of the invention can be administered orally, rectally, or
80 parentally, e.g., intravenously, intramuscularly, subcutaneously, intrathecally
or transdermally; or sublingually, or as opthalmalogical preparations, or as an
aerosol for the treatment of pulmonary inflammation. Capsules, tablets,
suspensions or solutions for oral administration, suppositories, injection

solutions, eye drops, salves or spray solutions are examples of administration
35 forms.



In a method particularly well suited for solid phase synthesis, an N -

Al I oc- am ng:d\®rfg8c protected phenyl al ani ne derivative of fpcumlpas/d3Tan be
coupled to a resin suitable for solid phaszg synthesis, for exanple, a Wang
resin-using standard coupling procedures or exanple, by formng a m xed

couplthg - ogBEEReR I e 57 OF ob Rl SRl I Fer ny)
pyrrolidi norpi'eferrgdi Yerm of adpuinistratiost Thetdoseg@in whith tie R¥mpepndsefitke t he
resin. The A gﬂtigé%%%a@%nqgtﬁ%ggg% Eﬁ'ggcx‘rr] 5@%@%&9 dgﬁgﬂ&) ds thfeq{atﬁ)fg'gpltﬁe by

treat ment wi'P¥ sence
catal yst whispecific @ctﬁfasmgre iept, Pr0age and ithe rarmueemlea(:@hﬁﬁ)ezmtzembagd\tbe an

amne der § Vabhte o hadtibtthikion ZDosdftsn YOfifled By UL et fohal

car boxyli c aci or mu usli ng peptid coupllng ondi tions,
for exanpl e TABFRS] s MY Rsedimitangc 1131@@3‘1?}5 byis) 5199 genstanefudhe’nt such
as DMF gt ]9 léé a&ﬁemavrggﬁeéélﬁgearﬂogtt gﬁffeﬁﬁgmxﬁraoars@hslé fn wmahvef a
conpound o e nmoc, protecting e rempved from
22 using st HOAN: Das Bbronsetivchincig 8 -qpresting cplls s ?&?H@%&%?%@r

chem stry, fﬂt}ﬁ?@%@h@ ¥yrhptdrhper ddnngel 5y ﬁmamis@exaﬁg anda@buatiofig of _
of formih 1PTRYHRA of BENE BB BB 3P PG b NG Moher SPBT At Ty
in the presencCLal4BkBrdssimg aelbos@that said symptoms or said damage is reduced. In

general, dosages of about 0.1-100 mg/kg body weight per day are preferred,

with dosages of 1-25 mg/kg per day being particularly preferred, and dosages

of 1-10 mg/kg body weight per day being espeically preferred.

15 The invention further relates to pharmaceutical compositions or
medicaments which contain a pharmaceutically effective amount of a
compound of the invention and a pharmaceutically and therapeutically
acceptable carrier. Such compositions may be formulated by any conventional
means by bringing a compound according to the present invention into a

20 galenical administration form together with a therapeutically inert carrier
material. If desfred, one or more additional therapeutically active substances
may be added.

Tablets or granulates can contain a series of binders, fillers, carriers or
diluents. Liquid compositions can be, for example, in the form of a sterile
25 water-miscible solution. Capsules can contain a filler or thickener in addition
to the active ingredient. Furthermore, flavour-improving additives as well as
substances usually used as preserving, stabilizing, moisture-retaining and
emulsifying agents as well as salts for varying the osmotic pressure, buffers
and other additives can also be present.

30 The previously mentioned carrier materials and diluents can comprise
any conventional pharmaceutically acceptable organic or inorganic substances,
e.g., water, gelatine, lactose, starch, magnesium stearate, talc, gum arabic,
polyalkylene glycols and the like.

Oral unit dosage forms, such as tablets and capsules, preferably contain
36 from 25 mg to 1000 mg of a compound of the invention.



15 aprotic solvent such as DMF at a tenperature between O [err]C and room

t enper at urg .t j;ye a conpound of forrmula 24. Finally the cprpRbRshses
structure ‘%f)gggﬂjlge cl eaved fromthe rersT{# under conditions dependent on

the particular choice of resin. For exa ; in the case of a Wang resin,

acid treatnment with trifl uoroacetlc acid in _dichloronethane in the presence
of 20 scavengekBe sgemperndssf fhopreseatinyentior sasohe drepares hpay 18.

Dependi ng O&ﬁdaet%rau nSaHrey. 18 ¥8h &4 Schamaet, a é QI bf Rfrnf @80V whicH he

1 1 b |.1 1
Cemoved, | ot i ObiOTHea IR e BRISE Wi bt OF o Reblntd b9
car (r]I l efl out sﬁa@ddbg%@de@mﬁbm@yf fed tx@lhtédémﬂdé @éd@dsmgrag@nd capablel o’fgsewct%b@ .
I oauc n a (0] or a an ava resi n SO e
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10 convemently carried out by catalyt1c hydrogenation of 1 over Pd© in ethyl

acetate in the presence of di-tert-butyl dicarbonate to give a derivative of 2 in
which R2 is tert-butyl.

Conversion to an aldehyde of formula 3 can be carried out using any one
of a variety of oxidizing agents capable of oxidizing a benzylic alcohol to the
15 corresponding aldehyde, for example activated manganese dioxide in a
suitable solvent, for example dichloromethane. Reaction of 3 to give a
dehydroamino acid of formula 5 can be effected by treatment with a Wittig
reagent of formula 4 in which Rg is lower alkyl and R4 is an alkoxy group, for
example benzyloxy- or tert-butoxy- or represents a portion of one of the acyl
20 groups of the compounds of the invention, for example substituted lower aryl.
For example treatment of 3 with (+)-N-(benzyloxycarbonyl)-a-
phosphonoglycine trimethyl ester in the presence of a suitable base for
example tetramethyl guanidine leads directly to a dehydroamino acid of
formula 5, R3 = methyl and R4 = benzyloxy. Enantioselective reduction of § to
25 the L-amino acid 6 can be effected by use of a number of reducing agents
suitable for the purpose, for example, the recently described ethyl-DuPHOS
rhodium reagent (Burk, M. J., Feaster, J. E.; Nugent, W. A.; Harlow, R. L. J.
Am. Chem. Soc. 1993, 115, 10125) using essentially the literature procedure.



methyl. Alternatively, the conpound of structure 16 or 7 may be treated
with an | gygihemddfy! al dehyde or ketone, for exanple acet oneBCWEPI§I0FBSan
internmediate Schiff s base which is in tug subjected to catalytic

hydr ogenati on or reduction with sodi um cyanoborohydride in the presence of
10 an organic acid, for exanpRe.@ffiSchedfedd t0 give a conpound of fornula
25 or 26 in which R8 is | ower alkyl other than nethyl. Conversion of
conmpounds 25 or 26 to prodrug esters 27 or 28 or to the correspondi ng acids
29 or 30 respectively can be carriketh g as descri bed pboye don Reaction
Schenes 2 and 3. -31 - [err] For the preparation of 3- ¢r

4-sul f onyl a® phenyl al ani ne derivati™Nyes, conpounds of fUNmla 7, 16, 25
or 26 may be r ed with a sulfonyl c ide of formula 3% whi ch
Rlerr] is aR tuted aryt—or Tt 8 moi BTy, T anRr—igert sol vent,
for exanple dic met hane in the presence] of a non- nucl eophi l|Ji c base,
for exanple triethyDdm ne or pyridine at ab@tdt 0 OC to roomtenperature to

gi ve conpounds of1 structure 32 or 33 resi)ectivel y as 3
CHgs
Osp-ocH; R—0 0O R0 \(O
H
HNJ\COgﬂg H \
A A A
> ' '
5  HN” “CO:Rs 6 Hj\; CO2R3
R%O - Ry o

One process for the conversion of compounds of structure 6 into

compounds of the invention is shown in Reaction Scheme 2. The protecting
group incorporating R2 can be removed under conditions dependent on the

5 particular choice of RQ as well as R3 and R4. The choice of these groups will be

dependent on the particular target compound. A variety of common protecting
groups and their use are described in “T. W. Green and P. G. M. Wuts,

Protective Groups in Organic Synthesis, 274 edition, Wiley Interscience, New
York, 1991” For example when R2 is a tert-butyl group and R3 is lower alkyl

10 and R4 is either a benzyloxy group or represents a portion of one of the acyl
groups of the compounds of the invention, for example ortho-substituted aryl,
treatment with trifluoroacetic acid either neat or in dichloromethane solution
in the presence of suitable scavengers, for example, triethylsilane or anisol
leads to a compound of formula 7. This compound can be coupled with a

15 carboxylic acid of formula 8 using standard peptide coupling conditions, for
example HBTU in the presence of DIPEA in a polar, aprotic solvent such as
DMF at a temperature between 0 °C and room temperature to give a
compound of formula 9. In the carboxylic acid of formula 8, R5 may represent

a substituted alkyl group, a substituted aromatic ring, or a substituted

20 heteroaromatic ring. R5 may also incorporate suitably protected reactive
functionalities to permit final conversion into compounds of the invention. The
choice and use of such groups will be apparent to those skilled in the art.



illustrated in Reaction Schene 6 for conpounds 7 and 26. These can be

further 5 ){ﬁgl'g,_ed to conpounds of formulas 34 and 35 if geskpeshsis ng
t he generaTv ods descri bed above in Reagtion Schenes 2 and 3. For the
preparation of conpounds derived from 3- 6" "4-ami nonet hyl - phenyl al ani ne,
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directly to an f or mul si ng diisobutyl al um ium hydrjde at
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reagent of uﬁguul)naﬁtles tc\f\%ermltngnalscoant\a’?'gmn 1n¥o compounds of the invention. The

15 choice and use of such groups will be apparent to those skilled in the art. If
the acid 13 is the target compound, conversion of a compound of formula 12

can be effected using standard hydrolysis conditions appropriate for the
particular choice of R3 and any functional groups present as part of R5 and

RgG. In the case where R3 is lower alkyl, treatment with an alkali metal

20 hydroxide, for example lithium hydroxide in aquecus THF is generally
effective.



and R4 is an al koxy group, for exanple benzyl oxy- or tert-butoxy- or
repr esent syg 9p@sdizon of one of the acyl groups of the conpoRCEIEPI0SEIre
i nvention, for exanple ortho-substituted_aryl or hetereoaryl. For exanple
30 treatnment of 38 with (+)-N(benzyl oxycarbonyl)-a-phosphonogl yci ne
trinmethyl ester in the presencergictionStHeaftl 2 base for exanple tetranethyl
guanidine leads directly to a dehydroam no acid of fornmula 39, R3 = nethyl
and R4 = benzyl oxy. Enanti osel ective reduction of 39 to the L-am no acid 40
can be effected by use of one of a nunber of reducing agents suitable for
t he purpose, B35 Oexanpl e, the recentl y:igjri bed et hyl - DUPHOS r hodi um

[

reagent. It V\A'IIHereadin apparent to thos illed in the grt that the
opti mal procedure r the further conversi f {40 into conpolinds of the
on the - 33 - choi c6s”0ONR4 and RRF&OHt he case

i nvention wl | dep%n
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formula 41 can be convehi enttyeffected?by cat &yt NE t r ansfer—hydrogenati on
of 40 over Pd in a sy OeRgoI vent, for exanpl et hanol in the presence
of ammoni um forn@ e ag the °r aduci ng 5 agent. ylgtion of 41 with a
car-boxylic acid of fgriaula 11 can be carried &s described above in Reaction

Schene 2 to give a conpound of fornula 42. nditions for renoval of the
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In reaction Scheme 3, a compound of formula 14 in which R7 is a lower

alkyl group which may serve as a protecting group or a group suitable for use
in a prodrug for example methyl, ethyl, tert-butyl or the like or represents a
5 connection to a solid phase resin, for example a Wang resin, is coupled with a

carboxylic acid of formula 11 using standard peptide coupling conditions, for
example HBTU in the presence of DIPEA in a polar, aprotic solvent such as
DMEF at a temperature between 0 °C and room temperature to give a
compound of formula 15. Reduction of the nitro group of 15 can be effected by

10 catalytic hydrogenation for example using Pd®© as a catalyst or by treatment
with a standard reducing agent, for example SnCl2. The resulting compound
of structure 16 is useful as a key intermediate for several series of compounds.
In the instance highlighted in Scheme 3, it can be coupled with an acid of
formula 8 using standard peptide coupling conditions, for example HBTU in

15 the presence of DIPEA in a polar, aprotic solvent such as DMF at a
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In a method particularly well suited for solid phase synthesis, an N’
Alloc-amino-Na-Fmoc protected phenylalanine derivative of formula 19 can be
coupled to a resin suitable for solid phase synthesis, for example, a Wang resin
using standard coupling procedures, for example, by forming a mixed
15 anhydride with 2,6-dichlorobenzoyl chloride and carrying out the coupling



Reaction Schene 2 |eads to an amide of fornula 46 which may be further

convert edwbosaoslaci d of fornula 47 if desired by base cat alprzabobrydsol ysi s
as described in Reaction Schenme 2. -34g- Reaction Schene 6 [err] For
the synthesis of urea derivatives, a conpound of formula 26 can be treated

with an i ‘é)fﬁﬂﬁtﬁ a‘i‘r 1c4§)01v d}{laﬁﬂ4 ?'K?ﬁ{ 'éfxg%ﬁagc?/ g Aoact i ve
sunst ot et A S R i S W vy
group st r%@glb@sfem&ea w%&t&&& Iﬁ%{%ﬁo@bﬂ (‘ﬁe&amﬁ af%PéHehf‘en‘i'v&%%fo”Et hane,

e iy TR s i e R
t ri phosgensurte afiPdAefor instatet PARKIP)2Cl2 to give an amine derivative of
structure 21. This compound can be coupled with a carboxylic acid of formula
8 using standard peptide coupling conditions, for example HBTU in the
presence of DIPEA in a polar, aprotic solvent such as DMF at a temperature
between 0 °C and room temperature to give a compound of formula 22. The
10 Fmoc protecting group may be removed from 22 using standard base
treatment well known to those practicing peptide chemistry, for example with
piperidine in DMF, to afford an amine of formula 23. The resulting compound
23 can be coupled with a carboxylic acid of formula 11 using standard peptide
coupling conditions, for example HBTU in the presence of DIPEA in a polar,
15 aprotic solvent such as DMF at a temperature between 0 °C and room
temperature to give a compound of formula 24. Finally the compound of
structure 24 can be cleaved from the resin under conditions dependent on the
particular choice of resin. For example, in the case of a Wang resin, acid
treatment with trifluorocacetic acid in dichloromethane in the presence of
20 scavengers as necessary will afford a compound of formula 18.

Depending on the particular synthetic target, the order of removal of the
protecting groups from 19 may be altered so that the Fmoc group is first
removed, coupling of the resulting amine with an acid of formula 11 is carried
out followed by removal of the Alloc group and coupling of the product with an

256 acid of formula 8 and cleavage from the resin. Also the choice of protecting
groups can be modified to reflect the reactivities of the resin or choice of R

and the nature of any functional groups incorporated into R5 and Rg.



as dichloronmethane in the presence of a non-nucl eophilic proton acceptor,
for exanyl§oshigssopropyl et hyl amne, to give an internedi at gcqfedosnssba 48. 5
Subsequent treatnent of a compound of tg{nyla 48 with an am ne of fornula
51 in which R15 and R16 are independently hydr ogen, substituted | ower
al kyl, substituted aryl, substi yl or taken together forma
substituted 5, 6 or 7 nenbered ?%%%Qngﬁgﬁgg{a conpound of fornula 52.
Further conversion, if necessary, of 50 or 51 to conpounds of the invention
can be 1o carried out as described in Reacti on Schenme 5. Reaction Schene 8
[err] For the nt hesis of imdes, an aniqggLemylalanine derivative of

R6 is as previously

structure 53\ ch Rlerr] is Hor |ogerQalk
defined an "1+ or a readily clealable @n such as substituted
benzyl, teft-butW__A5 allyl, or the like, or IY¥thg event that a prodrug

ester is desired as the finaf—product; s that estek goegp.~Tor exanpl e
ethyl, is enpl O¥ﬁ\(ac__ @nts of fornula 53 d¢awCpl rdadily obtai ned from
intermedi ates descrifed labove in Reaction Schenme 2. Reaction of a conpound
of formula 53 with a cy<9ic - 37 - anhydride of20fornula 54 in an inert
sol vent, for exanpl el chl oronet hane | eads to a ring opened internediate of
formula 55. The structure inplied by 54
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Compounds derived from 3- or 4-(alkylamino)phenylalanine derivatives
can be prepared as outlined in Reaction Scheme 5. A compound of formula 16
or 7 may be treated with diazomethane in a suitable solvent, for example,

5 ethyl ether to give products of formulas 25 and 26 respectively in which Rg is
methyl. Alternatively, the compound of structure 16 or 7 may be treated with
an lower alkyl aldehyde or ketone, for example acetone, to give an
intermediate Schiff's base which is in turn subjected to catalytic
hydrogenation or reduction with sodium cyanoborohydride in the presence of

10 an organic acid, for example acetic acid to give a compound of formula 25 or 26
in which Rg is lower alkyl other than methyl. Conversion of compounds 25 or
26 to prodrug esters 27 or 28 or to the corresponding acids 29 or 30

respectively can be carried out as described above in Reaction Schemes 2 and
3.



i ncl udes bicyclic nolecules which may incorporate fused aromatic or
het er oar omabpgoxezngs. In place of 54, it is also possi bl e POTAESS8/05135

di carboxylic acids 5 which are capable ogiformng cyclic imdes. In the

| atter case, a condensing agent nust be enployed in the first step, for
exanpl e carbonyl diimdazole. TrRehdtRmiS@enid® conpound of fornula 55 with
a reagent such,gs carbonyl diim dazol e capable of eff ng
cycl odehydrat i 5 ads to an imde of formula 56. Fugt
functional grou ich were present on the |0 anhy i
nodi fication of
further anal ogs steurlard chem stry which is corrpatllkq,h
presence of the i M unctionality. For the synthesis of unds of the
invention in whi IyLEZ ©s hal ogen, preferably chloro, th&; priate

hal ogen at om can e Fnserted at various 15 points during the course of the
synt hesi s depending 1gn the nature of the additional functiofality in the
nol ecul e. For exanpl e a conpound of formula 6 in which R ery] is hydrogen
can be treat edayl th mld chlorinating agent, for exapgle,
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For the preparation of 3- or 4-sulfonylamino phenylalanine derivatives,

compounds of formula 7, 16, 25 or 26 may be reacted with a sulfonyl chloride
of formula 31, in which Rg is a substituted aryl or heteroaryl moiety, in an



art. {err] -For the synthesis of the thiazolidi nones of %Wﬂ@gédz*
descri bedw%” hgActi on schene 10, an am nophenyl al ani ne der pgfippygobs
structure , In which R6 and R7 are as eviously defined may be enpl oyed.
Reaction of 16 5 with an a- rrercapto car’l yI|c aC|d of formula 59 in which
R20 can be, hydr@g éJower al k roar | e a- rcato acetic
aci d, and B¥ThPAZRDH OBPX?%%%H’ Hn f SReBE A & PPR- hydr oxyal kyl
or | a subst n%cnbeﬁhﬁrcydas@r fv_l{mézafrﬂple&xwm&hrbﬁm shedigide, at atbcart @p@meoFm e
sol vent sugh as henz or exa nmet hano in
the 10 pr eg"é'ﬁg%r % %ﬁ%"&”é%%%ﬁ’g* %ﬁ%ﬁuﬁg Q’gﬁrn%:?g Fggfyeg%s at 60 to
80 0C pr ov1lhm:ra:tedpmmwi‘om Beharhe 6dbr cGmpoandd 76dndrdg. These cmnbmfudthn‘r t he
I nventi@n Q ound
3" doRRN gppra@w Fufl 1aB§4 {nd'3Y iPEGR0Y BB O iRl

of the i"nv opria ysSi s~ procedu in the
case V\/nerenRTahoés damrb@l aydve lnyRea@mm‘échemmBm%ss al kali net aI

hydr oxi de, such 15 as sodi um hydr oxi de in aqueous al cohol . When R7
represents ar ,ﬁga@é;, S SRRh ate
hydrol ysi s conzlzg?%ﬁgf%aﬁ&%f%%oﬂn t he choi ce o ?egll‘%nﬁfln thgmy(}ls of
Wang resi nphepelanine, the prace flr%h@‘a@épl%eaecém Pehame 7 pmégé?weioye -
appropriat A S-C(avzbhgdrmymnéﬂhyl dedzdateaof famhdla)BGfinmhich B0 idhewarealkyhce may

belnltlate elated anili for, exanp
10 % are known compounciI or can be prepared %y known methods, is treated

Wlth a silylating agent in which R11-R13 are lower alkyl or phenyl, for

example tert-butyldimethylsilyl chloride in an inert solvent, for example
dimethylformamide in the presence of imidazole at about 0 °C to give a silyl
protected compound of formula 37. Reduction of 37 may be carried out using a

15 variety of suitable reducing agents, for example, lithium aluminum hydride in
an inert solvent such as ether or tetrahydrofuran at a temperature of about 0
°C followed by an aqueous workup to give an intermediate alcohol which can
be oxidized by any of several oxidizing agents suitable for oxidizing benzyl
alcohols to the corresponding aldehydes, for example activated manganese

20 dioxide, to give an aldehyde of formula 38. Monosilyl protected diols are
alternatively available from 3- or 4-hydroxymethylbenzylalcohols by
monosilylation and separation of the side products. Alternatively, an ester of
formula 37 may be reduced directly to an aldehyde of formula 38 using
diisobutylaluminum hydride at low temperature, for example at -78 °C.

25 Reaction of 38 to give a dehydroamino acid of formula 39 can be effected
by treatment with a Wittig reagent of formula 4 in which R3 is lower alkyl

and R4 is an alkoxy group, for example benzyloxy- or tert-butoxy- or
represents a portion of one of the acyl groups of the compounds of the
invention, for example ortho-substituted aryl or hetereoaryl. For example

30 treatment of 38 with (+)-N-(benzyloxycarbonyl)-a-phosphonoglycine trimethyl
ester in the presence of a suitable base for example tetramethyl guanidine
leads directly to a dehydroamino acid of formula 39, R3 = methyl and R4 =
benzyloxy. Enantioselective reduction of 39 to the L-amino acid 40 can be
effected by use of one of a number of reducing agents suitable for the purpose,

85 for example, the recently described ethyl-DuPHOS rhodium reagent. It will be
readily apparent to those skilled in the art that the optimal procedure for the
further conversion of 40 into compounds of the invention will depend on the



compound of formula 7 in which RL is | ower alkyl or halogen to give the
cor responavangy/tdsiazol i di nones. Reaction Scheme 10 [err] For PEREPS/AHiIesi s
of im dazolidinones of formula 67 shown jggreaction 5 schenme 11, an
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example where R3 is methyl, methanol.

The resulting benzylic alcohol of formula 43 can be converted to an amine
of formula 45 using procedures well established for similar transformations.
For example, the alcohol of formula 48 can be converted to a leaving group, for
15 example a mesylate by treatment with methane sulfonyl chloride in the
presence of a proton acceptor, for example pyridine, followed by displacement
with an alkali metal azide, for example sodium azide in a polar aprotic solvent
such as dimethylformamide. Alternatively, the transformation from 43 to an
azide of formula 44 can be carried out directly by treatment with diphenyl
20 phosphorazidate as described in: Thompson, A. S.; Humphrey, G R.; DeMarco,
A. M.; Mathre, D. J.; Grabowski, E. J. J. J. Org. Chemn. 1993, 58, 5886-5888.
Reduction of the azide 44 to an amine of formula 45 can be carried out by a
number of means suitable for the conversion of azides to amines, for example
by treatment with a phosphine, for example triphenyl phosphine in an inert
25 solvent such as dichloromethane or THF followed by an aqueous workup or by
catalytic hydrogenation over an appropriate catalyst, for example Pd® in a
solvent suitable for catalytic hydrogenations such as a lower alkanol or
tetrahydrofuran. The resulting amine of formula 45 can be converted into the
corresponding compounds of the invention using the procedures applicable to
30 free amines described in the other reaction schemes. For example, coupling of
45 with a carboxylic acid of formula 8 under the conditions described in
Reaction Scheme 2 leads to an amide of formula 46 which may be further
converted to an acid of formula 47 if desired by base catalyzed hydrolysis as
described in Reaction Scheme 2.



20 reaction of 64 with HO in dioxane at roomtenperature. Reaction of
conmpound 65 with an al dehyde of formula 60, in which the RZ&/Epss/em3siefi ned
above, | WA Zesence of a water scavenger such as 4[er] nol ecul ar sieves
at 60 to 80 [err]C in an appropriate sat¥ent, for exanpl e THF, provides a
conpound of formula 66=Iﬁ§npoun 66 may be a conpound of the invention
dependi ng on 25 t Beachign Schiegie &7 o may be converted to a conpound of the
invention by an appropriate hydrolysis procedure, for exanple in the case
where R7 is |ower alkyl, by hydrolygis by treatment with an alkali metal
hydr oxi de, sych as sodi um hydr oxi i n agueous al cohol to give a carboxylic
Rjir;

acid of forrmu 67. - 40 - [err the synthesis of imdazolidinones
of formul agg8itlegcribed in reactipgalschene 12, an ani nophenyl al ani ne
derivative of ture 16 in which d R7 are as previously defined is
enpl oyed. Conpound} 16 be readily 5 thyn%F t hrough the synthesis
described in reanli schiemre 3 in theHdasgrof R7 is lower alkyl. This
conmpound can be upbed with a N-protegtedoa-am no acid of fornmula 69, in
which R err] b@ a natural or un urfl, D or L-a- anino acid side
chain and R26 is & nitrogen protecting ggoup of the type conventionally
used in peptide chem stry, for exanple, a Fnoc group, using 10 standard
pepti de coupling gonditions, for exanplj HBTU in the presence of
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DI PEA in a polar, aprotic solvent such as DV at a tenperature between O
[err] C angofaq@hbenperature to give a conpound of formula PoI/HPOReNds ng on
the nature of protecting group R26, an_e{ﬁ)jopri ate deprotection nmethod is
enpl oyed to give conpound of fornmula 71.”71n the case of the protecting
group 15 R26 is Fnoc group, it rraﬁ[eggﬁornes%\ém-;rom 70 using standard base
treatnent well known to those practicing peptide chemstry, for exanple
wi t h piperidi ne in DM, to afford an am ne of fornmula 71. The conpound

71 can then react with an al dehyde 60, in which R21 isgas previously

defined, inyghe presence of a water scavenger such as 4f3err] nmol ecul ar
sieves in appropri ate solRgng~guch as dichl or oneftrafecor THF at 25- 60
[err]Cto g an i mne of fornaiA then be treated
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For the synthesis of urea derivatives, a compound of formula 26 can be
treated with an isocyanate of formula 49, wherein R4 is substituted aryl,
substituted heteroaryl or substituted lower alkyl with potentially reactive

5 substituents protected as appropriate using conventional protecting group
strategies, in a suitable inert solvent, for example dichloromethane, to give a



15 aqueous al cohol to give, after acidification, a carboxylic acid of

formul a 68qé)fpsgeauence may be initiated with related anilgd@gposfosrss
exanpl e a conpound of formula 7 in whi cg%f[ err] is lower alkyl or hal ogen
to give the corresponding 3- acyl im dazolidinones. - 42 - Reaction

Schene 12 [err]. Ot ho-subsiituted nzoi ¢ aci d.der.i vatj v whi.ch are ,not
ot ci o Vapardorania S Rldse B R ErATER HmBONIA AL Fatlar gl can HetroRtednol o
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parti cul arexarhple diigopropylathBamidesta gite andinteepediate of fotmhualand8. by direct
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10 carried out’'as described in Reaction Scheme 5.
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For the synthesis of imides, an aminophenylalanine derivative of
structure 53 in which Rj is H or lower alkyl, Rg is as previously defined and

R7” is H or a readily cleavable group such as substituted benzyl, tert-butyl,
15 allyl, or the like, or in the event that a prodrug ester is desired as the final
product, is that ester group, for example ethyl, is employed. Compounds of
formula 53 can be readily obtained from intermediates described above in
Reaction Scheme 2. Reaction of a compound of formula 53 with a cyclic



15 the oxazoline ring follow ng the general procedure described by Myers,
A 1., vebRlos1ZR ., Mhelick, EE D, J. Og. Chem 1978, 43pdBuPysi3yB., to
give an acid of fornula 76. 2- or 2, 6-Difubstituted benzonitriles also

serve as conveni ent precursors to the corresponsing benzoic acids. In the

27onl or o- CHRATHEFES R Ip A4 R0 AR PR fysrrpeletichlprgmethansi ¢ or
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coated wt as supp (E."Merck #
compound 56 as desired to obtam further analogs using standard chemistry

which is compatible with the presence of the imide functionality.

For the synthesis of compounds of the invention in which R1 is halogen,

preferably chloro, the appropriate halogen atom can be inserted at varidus

15 points during the course of the synthesis depending on the nature of the
additional functionality in the molecule. For example a compound of formula 6
in which R7 is hydrogen can be treated with a mild chlorinating agent, for
example, N-chlorosuccinimide in the presence of a proton acceptor, for
example, sodium acetate to give the corresponding compound of formula 6 in

20 which R1 is chloro. In the case where 6 is derived from 3-amino-L-
phenylalanine, a mixture of regioisomers may ensue which may be separated
at a convenient point in the overall synthesis. Other intermediates described
in the above schemes may be more suitable starting materials for
halogenation for a particular target molecule. The particular merits of

25 individual candidate starting materials will be apparent to those skilled in the
art.



20 1.05719) and were visualized by view ng under 254 nm UV light in a view
box, by eXRBIYhEL0 12 vapor, or by spaying with either phosiehesmlesixdi C
acid (PMA) 1'n"aqueous et hanol, or after_gégosure to Cl2, with a 4,4" -
t et ramet hyl di am nodi phenyl net hane reagent prepared according to E. Von Arx,
M Faupel and M Brugger, J. Chr 976, 120, 224-228. 25 Reversed
phase hi gh pressure liquid chro%&?éﬁgxxpﬁé- HPLC) was carried out using
either a Waters Delta Prep 4000 enploying a 3 x 30 Waters Delta Pak 15
-gM G 18 colum at a flow of 40 nl/ m nyenpl oyi ng @ent of

0475% TFA) tygpgal I[Fdrom5 tp 95%
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hexane, ether, and_ methanol, were Fisher reagent grade and were used

wi t hout additi onaf3 purification except as noted, acetonitri%% was Fi sher
hpl ¢ grade and was used as is.
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For the synthesis of the thiazolidinones of formula 62 described in

reaction scheme 10, an aminophenylalanine derivative of structure 16, in
which Rg and R7 are as previously defined may be employed. Reaction of 16

5 with an a-mercapto carboxylic acid of formula §9 in which R20 can be
hydrogen, lower alkyl or aryl, for example a-mercapto acetic acid, and an
aldehyde of formula 60 in which R2} can be alkyl, hydroxyalkyl or a
substituted aryl group, for example benzaldehyde, in an appropriate solvent
such as benzene, THF or a lower alcohol, for example methanol, in the

10 presence of a water scavenger such as 4A molecular sieves at 60 to 80 °C
provides compound of formula 61. Compound 61 may be a compound of the
invention depending on the nature of R7 or may be converted to a compound of
the invention by an appropriate hydrolysis procedure, for example in the case
where R7 is lower alkyl, by treatment with excess alkali metal hydroxide, such

15 as sodium hydroxide in aqueous alcohol. When R7 represents a resin suitable

for solid phase synthesis, the appropriate hydrolysis conditions will depend on
the choice of resin. In the case of Wang resin, treatment with trifluoroacetic
acid in the presence of appropriate scavengers will lead to an acid of formula
62. The sequence may be initiated with related anilines, for example a
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For the synthesis of imidazolidinones of formula 67 shown in reaction
5 scheme 11, an aminophenylalanine derivative of structure 16 in which Rg and

R7 are as previously defined may be employed. Compound 16 can be readily

obtained through the synthesis described in reaction scheme 3. This

compound can be coupled with a N-protected a-amino acid of formula 63, in
which R92 can be a lower alkyl or an aryl group, R93 can be a natural or

10 unnatural D- or L-a-amino acid side chain or R29 and R23 together can form a
ring, for example a proline or pipicolinic acid ring and R24 may be a standard
amine protecting group suitable for the particular selection of Rg, R7, R29,
and R23 for example tert-butoxycarbonyl. The coupling reaction can be
effected using standard peptide coupling conditions, for example HBTU in the

15 presence of DIPEA in a polar, aprotic solvent such as DMF at a temperature
between 0 °C and room temperature to give a compound of formula 64.
Depending on the nature of protecting group R24, an appropriate deprotection
method is employed to give a compound of formula 65. In the event that the
protecting group R94 is a Boc group, the deprotection can be carried out by the

20 reaction of 64 with HCl in dioxane at room temperature. Reaction of
compound 65 with an aldehyde of formula 60, in which the R91 is as defined
above, in the presence of a water scavenger such as 4A molecular sieves at 60
to 80 °C in an appropriate solvent, for example THF, provides a compound of

formula 66. Compound 66 may be a compound of the invention depending on
25 the nature of R7 or may be converted to a compound of the invention by an

appropriate hydrolysis procedure, for example in the case where R7 is lower
alkyl, by hydrolysis by treatment with an alkali metal hydroxide, such as
sodium hydroxide in aqueous alcohol to give a carboxylic acid of formula 67.
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For the synthesis of imidazolidinones of formula 68 described in reaction
scheme 12, an aminophenylalanine derivative of structure 16 in which Rg and

R7 are as previously defined is employed. Compound 18 can be readily
5 obtained through the synthesis described in reaction scheme 3 in the case of

R7 is lower alkyl. This compound can be coupled with a N-protected a-amino
acid of formula 69, in which R25 can be a natural or unnatural, D- or L-a-
amino acid side chain and R2g is a nitrogen protecting group of the type
conventionally used in peptide chemistry, for example, a Fmoc group, using

10 standard peptide coupling conditions, for example HBTU in the presence of
DIPEA in a polar, aprotic solvent such as DMF at a temperature between 0 °C
and room temperature to give a compound of formula 70. Depending on the
nature of protecting group R9g, an appropriate deprotection method is
employed to give compound of formula 71. In the case of the protecting group

15 R2g is Fmoc group, it may be removed from 70 using standard base treatment

well known to those practicing peptide chemistry, for example with piperidine
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3 may be a compound of the invention, or depending on the nature of R7 may

be converted to a compound of the invention by an appropriate hydrolysis
procedure, for example in the case where R7 is lower alkyl, by hydrolysis by
treatment with an alkali metal hydroxide, for example sodium hydroxide in

15 aqueous alcohol to give, after acidification, a carboxylic acid of formula 68. The
sequence may be initiated with related anilines, for example a compound of
formula 7 in which R1 is lower alkyl or halogen to give the corresponding 3-

acyl imidazolidinones.
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Ortho-substituted benzoic acid derivatives which are not commercially
available can be prepared by conventional means. For example ortho-
substituted aryl iodides or triflates may be carbonylated in the presence of
carbon monoxide and a suitable palladium catalyst. The preparation of such
iodide or triflate intermediates is dependent on the particular substitution
pattern desired and they may be obtained by direct iodination or diazotization
of an aniline followed by treatment with a source of iodide for example,
potassium iodide. Triflates may be derived from the corresponding phenols by
conventional means such as treatment with trifluoromethane sulfonic
anhydride in the presence of a base such as triethylamine or
diisopropylethylamine in an inert solvent. Other means of obtaining ortho-
substituted benzoic acids involves treatment of an 2-methoxyphenyloxazoline
derivative such as 75 with an alkyl Grignard reagent followed by hydrolysis of
the oxazoline ring following the general procedure described by Meyers, A. 1.,
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Mat eri al usmga chromium oxidizing re tmass Cal ¢ mass from Exarrpl e 15
161 761 07.0868 507.0878 16 4

- . 98 543. 0497 eac%on Scheme 13

N 1. RMgCl
| 2. CHal

o 3. Hydrolysts

CH3
75 76

10 General Melting points were taken on a Thomas-Hoover apparatus and are
241 polarimeter. 1H-NMR spectra were recorded with Varian XL-200 and
Unityplus 400 MHz spectrometers, using tetramethylsilane (TMS) as internal
standard. Electron impact (EI, 70 ev) and fast atom bombardment (FAB)
mass spectra were taken on VG Autospec or VG 70E-HF mass spectrometers.

15 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 flow. Thin layer chromatograms were run on glass
thin uncorrected. Optical rotations were determined with a Perkin-Elmer
model layer plates coated with silica gel as supplied by E. Merck (E. Merck #

20 1.05719) and were visualized by viewing under 254 nm UV light in a view box,
by exposure to 12 vapor, or by spaying with either phosphomolybdic acid
(PMA) in aqueous ethanol, or after exposure to Cl2, with a 4,4’-
tetramethyldiaminodiphenylmethane reagent prepared according to E. Von
Arx, M. Faupel and M Brugger, J. Chromatography, 1976, 120, 224-228.

25 Reversed phase high pressure liquid chromaf:ography (RP-HPLC)was carried
out using either a Waters Delta Prep 4000 employing a 3 x 30 cm, Waters
Delta Pak 15 uM C-18 column at a flow of 40 mL/min employing a gradient of
acetonitrile:water (each containing 0.75% TFA) typically from 5 tp 95%
acetonitrile over 35-40 min or a Rainin HPLC employing a 41.4 x 300 mm, 8

30 pM, Dynamax™ C-18 column at a flow of 49 mI/min and a similar gradient of
acetonitrile:water as noted above. HPLC conditions are typically described in



[err] [err] 1. Yield is the for two steps follow ng the procedure

descri bed i @gﬁ es 3 and 4. 2. |Isolated as the sodi um saltp5s/6a56r i bed
i n exanpl e‘?ﬂ% a%rpl e 29. Synthesis of

4-[1(2, 6- di chl or opheny! ) car bonyl ) ani no] -N[2- 5
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( m%'lt ;lyl t Qi O)aebmtlﬂjréaimb@awﬂ;der B5ensi Wllﬁléihrﬁlenitﬂﬁihgkheﬁgﬁﬁ?wi‘ﬁldaw. 48( .
mrol ) and oxpne , i ethyl acetate and wat er

n) was sti r*feéa“élf 480"‘?&"{"3%%%%4?& 2 hr and a second portion of oxone
- 50 - (147 ng, 0.24 mmol) was added. The m xture was stirred over night at
whi ch time TMetkylénd chlorideo(dietdbianethmaeh Daptopasiot, Jadi I e tgduesence of
starting tverJ_al S i [ ' laayers
were sepa at}gd%aitehgﬁ%&'pgléégﬂ 515? aglf) ﬁ\%gésrteg?}r\ %Igﬁeaggvnmﬁgh&g%%g?s%%%?%eg and the
conbi ned extwibout sddisianahpumiftcationrexcept abnpted, anetonitrieavaelisheadedn) .
The residue ghHgland was used as is.

Definitions:
THF is tetrahydrofuran,
10 DMTF is N,N-dimethylformamide,
HOBT is 1-hydroxybenzotriazole,
BOP is [(benzotriazole-1-yl)oxyltris-(dimethylamino)phosphonium
hexafluorophosphate,
HATU is O-(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyluronium
15 hexafluorophosphate
HBTU is O-benzotriazole-N,N,N’,N’ -tetramethyluronium
hexafluorophosphate,
DIPEA is diisopropylethylamine,
DMAP is 4-(N,N-dimethylamino)pyridine
20 DPPA is diphenylphosphoryl azide
DPPP is 1,3-bis(diphenylphosphino)propane
DBU is 1,8-diazabicyclo[5.4.0lundec-7-ene
NaH is sodium hydride
" brine is saturated aqueous sodium chloride solution
25 TLC is thin layer chromatography
LDA is lithium diisopropylamide
BOP-Cl is bis(2-ox0-3-oxazolidinyl)phosphinic chloride
NMP is N-methyl pyrrolidinone



concentrati on was chromat ogr paphed on silica gel eluting wwth 20:1
di chl or omretyhg P @@%hanol to give 4-[[ (2, 6-dichl or ophenyl ) cardegmsosasizaol - N-
[[2- (nethylsu f1nyl)phenyl |l carbonyl]-L- phqg%lalanine nmet hyl ester (218 ny)
as a mxture of diastereoners. 10 Exanpl e Synt hesi s of

4-[[ (2, 6-di chl orophenyl ) carbonyl ] am no] -N-[[2- (nethyl sul finyl)phenyl]
carbonyl] -L-phenylal anine. Hydrolysis was carried out as described in
exanple 13. Starting with 4-[(2,6- dichlorophenyl)carbonyl] am noj

-N-[[2- (net hyl sul finyl)phenyl] carbonyl Exampdsenyl al ani ne nethyl ester (214
ng, 0.41 nmol) and isolation of the product 15 by RP HPLC, eluting wth

tonitril e; f
e comr 8 s U RO LR IR C
net hyl sul fi n;lir)mpﬂeﬂgﬂhom}d@@hqmyll&p rsmenee esterg) as an anor phous
solid, HR M5: Obs. nmass, 541.0385. Cal cd. nmss, 541 0388 (MtNa) foll owed by

t he | I . d.
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brine, driedti&lagsems layer verscektanctedwaipbr dicbibromiethane i(Q xebGued.). T

combined extracts were washed with brine and dried over anhydrous

magnesium sulfate. Filtration and concentration of the solvent gave 4.03 g
(quant) of 4-[(2,6-dichlorophenylcarbonyl)amino}-N-{(1,1-

15 dimethylethoxyl)carbonyl}-L-phenylalanine methyl ester as a white solid: mp
148-151 °C.

Example 2. Synthesis of 4-[[(2,6-dichlorophenyl)carbonyl}amino}-L-
phenylalanine methyl ester hydrochloride salt.

4-[l(2,6-Dichlorophenyl)carbonyl]amino}-N-[(1,1-dimethylethoxy)carbonyl]-L-

20 phenylalanine methyl ester (1.86 g, 4.0 mmol) was treated with 10 mL of 4 N
hydrochloric acid in dioxane at room temperature. After 5 minutes, the solid
went into solution and the mixture was stirred for 1 hr and 25 mL of ethyl
ether was added to precipitate the product. The solids were collected by
filtration and were washed with hexane. The resulting hydroscopic and

25 gummy solids were dissolved in 50 mL of methanol and concentrated. After
drying under high vacuum, 4-{[(2,6-dichlorophenyl)carbonyl]amino)-L-
phenylalanine methyl ester hydrochloride salt (1.64 g, 97% ) was obtained as a
light yellow solid, mp 158-161 °C.

Example 3. Syntheis of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
30 dichlorophenyl)carbonyl]amino}-L-phenylalanine methyl ester.



recrystallized fromethyl acetate containing small anmounts of

di chl orone and net hanol to give

4-1[(2-pr owggﬁ) carbonyll am no]-N-[[ ( 2- PCT/EPS8I0S135
phenyl met hyl ) phenyl ) car bonyl | - L- phenylalaﬁﬁne (1.21g, 749% suitable for use
In the next step. b. Argon was passed through a solutlonc‘f 4-11(2-
propenyl oxy) carbonyl am no) -N- [[(2-pheny| net hyl) ph gar bonyl]-L- 35
phenyl al ani Hyl ester (1.21 g, 2.63 nmol) and

tetrakis(tri I i ne) pal | adi um (61 ng, 0.053 Mol )

di chl or onet haifie ffor nand trib tyb&m hydri de (80(Pl L; 2 Bl ) was
added. After €'5GChr m t enpeLa t heHBAYDIREA was diluted lith

di chl oromret hane (50 ni) ghd was* @- with gpua and bri'te, ePMed 5
(Na2SO4) and concentEHENG . "CORde r eSYAUE! was déssol Ved in dic gief hane and

ether and hexane were added to precipitate 99 ng of a white I d. The
filtrate was concentrated and the residue was recrstallized
di chl oronet hane to give 4-am no-N-[[(2-phenyl net hyl)phenyl | carbonyl]-L-
phenyl al ani ne nethyl ester (594 ng). 10 c¢. A mxture of

4-am no- N-[[ (2- phenyl net hyl ) phenyl | car bonyl | - L- phenyl al ani ne net hyl ester
(200 ng, 0. 52 sohatign oP44[(Rjbedichlorbphenggl)carhdroyliateinol 31-phgnylalsginemiefhynd

triethyl am ng (108l fhidride Pt 28 MRS mbdbi? 2118 0-6-methylbenzoic acid (0.50 g,
2.93 mmol), HBTU (1.16 g, 3.05 mmol) and DIPEA (1.33 mL, 7.6 mmol) in
5 DMF (12 mL) was stirred 15 hr at room temperature.The mixture was diluted
with ethyl acetate (250 mL) and was washed with 0.5 N HCI (2 x 80 mL), sat.
sodium bicarbonate (2 x 80 mL) and brine (2 x 80 mL) and was dried
(Na2S04). The solution was filtered and concentrated to a yellow gum which
was crystallized from ethyl acetate-hexane to give N-(2-chloro-6-

10 methylbenzoyl)-4-[(2,6-dichlorophenyl)carbonyllamino]-L-phenylalanine
methyl ester (0.75 g), suitable for use in the next step. The mother liquors
were concentrated and purified by silica gel chromatography eluting with 1:1
ethyl acetate:hexane to give an additional 0.625 g.

Examples 4 to 12. The compounds shown in below were prepared from 4-{[(2,6-
15 dichlorophenyl)carbonyllamino]-L-phenylalanine methyl ester hydrochloride
and the appropriate benzoic acid derivatives according to the method

described in example 3.
i
H
q r N

ct O
HN” ~COxCH3
RO
Example |R Yield HRMS HRMS

Obs mass {Calc mass

4 Ff 96 557.0657 |557.0658
CFy




di chl oronet hane was stirred 6 hr at

roomtenperature.

The m

xture was

di | uted w tygdé/gd3hor onet hane (10 nl) and washed wi th water @od/ErPas/Hsdsi ne.

15 The organic layer was dried (Na2SO4) ary

the residue was chronat ographed

on silica gel, eluting with 20-60% et hyI acetate in hexane to afford
4-[[(2, 6- dirchtorophenytycgrbpnyttam not
[ {(2- phenyl het hyl ) phehy! ) cfr Bonyl | - L- p*@ﬁyl al ani n8259686 ¢528/050495 | ny)
as an off white solid} cd0 Bl uti on off
4-[[(2, 6-dichl orophenyl ) carbonyl | am nol {N-[[(2- 20
phenyl met hy[ Y phenyl I ch l] L- phenyl aliani ne netf r 4
nmol ) and {1 hi um hydf (33.5 ng, 1. §2mml) |r%#?@§§tha§§§q’/@ter (6
m., 3:1:1) Was stirregd }/e?' ni ght at roam tenperatiure and wgs concentrfat ed.
The residuefwas tritufated with 1 N aqugous HCl fgr 10 m n and the solids
wer e col | ected—by—eentr+Hugat-+onr—washAg—wth—water—and—ether v
4-[[(2,6- 2B7 dichlorb yl ) car bonyl ari86ol - 519.0633 |519. 0645
[t[ (2-pheny| et hyl ) phe car bonyl -L- ghenyl al anijne (165 ng) as a vvhute
powder whi ch was 97% puiCe; by hpl ¢ anal ydis. FAB M$ 569 (MNd) (1 C), {47
(MtH) (1 d )| Exanple B2. Synthesis of
4-[[ (2, 6-di ghrorophenyT) nyT Jam nol -|N; [ IZ2-chl ar.q:, 4-
[[[3- hydr oxyphenyl ) nef h%@?no] car bonyl{I*ghenyl ] c& [Sggr%j"ﬁl L- 5§8'9599
phenyl al ani pe a. I n af”ifer& atnospherd, a sol utijon of
3-chl oro- 4- pethoxycarponyl henzoic acid (11.13 g; 5127 nmol )
3- hydr oxybengyl am ne h s oride (0. 8‘=g;3 5. 35 Mm@ 0833 HE‘BUAQ((SB@ d;
5.485 mmol ) |in dinmethylf 1 de (15 nmL)| was stirried while DI PEA (3.54 ni;
26. 33 Mol ) { was added] The r&action nixtiure 35 wag stirred qverni ght at
room t enper gt-tes—then ch' he—vrol-at+-es—were—+erpveth .

10 98 579.0071 | 579.0089

Br
11 @\/ 99 517.0742 |517.0755
SCHg
12 Of 80 500.1144 |500.1144
NHCH;

10

Example 13. Synthesis of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyl}amino]-L-phenylalanine

A solution of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyl]amino]-L-phenylalanine methyl ester (1.31 g, 2.6
mmol) in ethanol (45 mL) and 1.0 N sodium hydroxide (45 mL, 45 mmol) was
stirred over night at room temperature to give a clear solution. The mixture
was neutralized with 1 N hydrochloric acid to precipitate 1.28 g of a white

solid. The mother liquor was extracted with ethyl acetate (2 x 50 mL) and the
combined extracts were washed with sat. brine, dried (Na9S04) and

evaporated to give 0.56 g. Recrystallization of the first crop from ethyl acetate
- afforded N-(2-chloro-6-methylbenzoyl)-4-[(2,6-dichlorophenyl)carbonyllamino]-
L-phenylalanine (0.77 g). Recrystallization of the second crop from ethyl
acetate afforded an additional 0.20 g. FAB HRMS: obs. mass 505.0483. Caled
15 mass, 505.0488 (M+H).



vacuo. The anber oily residue was partitioned between ethyl acetate (50 ni)

and 0.5 N I—\(gil) f(gd{m) and the organi c extract was washed i np&giEposisiss brine
(30 nmL), satura NaHCO3 sol ution (30 niL),,and brine (30 nmL). The aqueous

| ayers were backwashed in turn with et hyr4§cet ate (30 nlL). Evaporation of

The 5 mat or | BRSNS dhy SR SERANIO colpimsehy s com 428 uf cd wi Lh et hyi

acet at e- hex@eRldrdphenyldcarbon ) dthendi ii-Phengladanieel sodiwasadi | (1.3 0).
Crystallization from ether-hexane furnished 1.12 g of

2-chl oro-4-] I o} _earbon oic acid nethyl ester as
a col orl ess égﬁo} OI?ZSQ(]Q Y % T'%h &) R’ﬁs‘%@% 0681 Cal cd. Mass
320. 0689 ( mhlmthyl)@mnw amma)fL-phenylalanine (0.15 g) in 1.0 N NaOH (0.3
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corresponding methyl esters using the method described in example 13.
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H

cl 0
H COH
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Example |Starting R Yield % HRMS HRMS
Material Obs mass |Calc mass
from
Example

15 161 761 507.0868 |507.0878

18 4 ‘i 08 543.0497 |543.0501

CF4
17 163 @; 791 513.1354 |513.1348
CHg
HsC CHs
18 165 HeC-CHs gl 541.1665 |541.1661
CHs
CHs




20 and HBTU (59 ng; 0.16 mmol) in dinmethylformam de (3 nL) was added DI PEA
(0.102 ni; @Qoxd8ResmP0! ). The reaction mixture was stirred forpdwEbgs/ai3sr oom
temperature, then was concentrated to drynggs in vacuo and the residue was

partitioned between dichloronmethane (25 nL) and 0.5 N HA (10 niL). The

or gani ¢ | aygr—was—washed—wth ter—apg-theTagueous tayers were
backwashed i{d9% urn wi t|® di chl or dnet hTh 8\égnbi ned |d48:0% b el FEh257
extracts werje dried (Na2SO4) and @yapofaced [to give 80 ng of crude materia
that was crystallized |from nethgnol -ethyl adetate to provide 38 pg of
N-[[2- chlorfQ4-TI(3-Rydr oxyphenylaaa noj
Sar beny 1 nd 290 Sar bon )_4_[[(2, 99 524.9939 | 524.9942
di chl or ophenyl ) car bonyll ] ami nol - L- phe®| al anijne nethyl lester, np P30- 232
[err]C. 30 |FAB HRVB: |([err]) Obs.%Mass 654.[0952 Cal cd. Mass 654| 0965
(MtH) . d. A iselutien—gi—N-|{2-chloro-4-1{3
hydr-oxyphenwl2iam nol cgrbonyl | phegn carbonyl||87-4-[[ (2, |B05.0482 505.0488
di chl oropheHyI ) car bonyl ] am nol - Ij- | al anijne net hyl lester (35 pg; 0.053
35 mmol ) in |met hanol (j0.35 ni) andcuetrahydriof uran (0.85 nL) was|treated
wi th an aqudgous i N lithium hydgaid de solutign (0.16 nm) and the m xture wasg
stirred at rjgom tenperfal ur e undey argop 1 or (90 m nutes,_1n oI utL o S
- 53 - concdi4 at ed un&r reduced ure, t¥en was d 5%-§ﬁ§%tn5§\£§é\§7(5
m.) and B Ct
23 9 C”D\/ 99 505.0486 | 505.0488
c
24 10 C“sg*O: 90 564.9921 |564.9932
Br
25 11 @f 822 525.0409 |525.0418
SCHy
26 166 (:( 991 487.0839 | 487.0827
OCHjg
27 12 @f 862 508.0814 |508.0807
NHCH3
28 173 @f 991 535.0497 |535.0497
SO,CH3

1. Yield is the for two steps following the procedure described in examples 3

and 4.

2.

Isolated as the sodium salt as described in example 14.

Example 29. Synthesis of 4-[[(2,6-dichlorophenyl)carbonyllamino}-N-[[2-
(methylthio)phenyllcarbonyl}-L-phenylalanine methyl ester

A solution of 4-{(2,6-dichlorophenyl)carbonyl}lamino]-N-{[2-
(methylthio)phenyllcarbonyli-L-phenylalanine methyl ester (0.25 g, 0.48

mmol) and oxone (147 mg, 0.24 mmol) in ethyl acetate (12 mL) and water (6
mL) was stirred at room temperature for 2 hr and a second portion of oxone



extracted with diethyl ether (2 x 5 nL). The separated aqueous |ayer was

acidified 99,%3# HC (0.18 nL) and the resulting col orl esgcsalpbsiosnss
filteredo ed with water, and driggot_o give 29 ny of

N[ 2- chloro 4-1[(3- 5
hydr oxypheny,

| b - 4- , 6- . .
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10 phenyl al thei avpianus IAy&t was edtrautgbwithoethyl agetiapel audﬁbh@nmlaned |extmt9d
(10.2 g; B7 WeR wakRed@AtH Sa @AY a&@mxe%%rmd (Nia S350 4P helbedeiuaaftyelr ous

conditions was treated with pyridine (0.5 nL). In the mldly exothermc
reaction, theensehingdioa Wg@phwnamgnpmpls@bem siliosi galtedatingavith@0sd xt ure was
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exot herm hada§ubﬁixdﬁﬁb ofdzetaraemeesti on of water (200 nL) was added slowy
and the mxture was stirred for another 30 mnutes. The precipitated solid

was filtered, washe t h..wat er n ried to vacuo
over P20s0; EEFRIS S0 SRRt Al BrbcBorapha SRt N

wi t hout f ur t (reethylsulfingdphenyl]¢axrbanyl]depheaylamdspine: e, a sol ution of the
above 3-acetoxypheny|acet|c acid (1.942 g; 10 mmol ), di phenyl phosphoryl

azide (2.8 oprydflt Wl ko A0 BPEAubde R exbindIPL3, SHArAERRARE 475 6
1chlorophenyl)carbonyl} amino]-N-[[2-(methylsulfinyl)phenyl]carbonyl}-L-
phenylalanine methyl ester (214 mg, 0.41 mmol) and isolation of the product
15 by RP HPLC, eluting with acetonitrile:water followed by lyophylization gave
the more polar diastereomer 4-[[(2,6-dichlorophenyl)carbonyljamino]-[[(IN-(2-
methylsulfinyl)phenyllcarbonyl]l-L-phenylalanine (63.6 mg) as an amorphous
solid; HR MS: Obs. mass, 541.0385. Calcd. mass, 541.0368 (M+Na) followed by
the less polar diastereomer (74.2 mg), HR MS: Obs. mass, 541.0351. Calcd.
20 mass, 541.0368 (M+Na).

Example 31. Synthesis of 4-[[(2,6-dichlorophenyl)carbonyl}amino}-N-[{(2-
phenylmethyl)phenyljcarbonyl]-L-phenylalanine

a. A solution of 4-{[(2-propenyloxy)carbonyl]amino}-L-phenylalanine methyl
ester (935 mg, 3.54 mmol), HOAT (658 mg, 5.31 mmol), 2-benzylbenzoic acid

25 (1.13 g, 5.31 mmol) and DCC (1.09 g, 5.31 mmol) in DMF (20 mL) was stirred
over night at room temperature. The mixture was diluted with water and
extracted with ethyl acetate. The combined extracts were washed with water
and sat. brine, dried (Na9S04), filtered and evaporated. The residue was
recrystallized from ethyl acetate containing small amounts of dichloromethane

30 and methanol to give 4-[[(2-propenyloxy)carbonyljamino]-N-[{(2-
phenylmethyl)phenyllcarbonyl]-L-phenylalanine (1.21g, 74%) suitable for use
in the next step.

b.  Argon was passed through a solution of 4-[[(2-
propenyloxy)carbonyl]amino}-N-[[(2-phenylmethyl)phenyllcarbonyl}-L-
35 phenylalanine methyl ester (1.21 g, 2.63 mmol) and



25 hr, then the reaction tenperature was slowy raised to 70 [err]C.

Evol uti on §fo espp3pegan to be evident as the reaction tenperatupes/eashed
approximately 55 [err] C and becane much ng%g vi gorous as the reaction
tenperature approached 70 [err]C. Wthin m nutes at that tenperature gas
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phenylalanine methyl ester (200 mg, 0.52 mmol), 2,6-dichlorobenzoyl chloride
(131 mg, 0.62 mmol) and triethylamine (108 pL, 0.78 mmol) in 5§ mL of
dichloromethane was stirred 6 hr at room temperature. The mixture was
diluted with dichloromethane (10 mL) and washed with water and sat. brine.

15 The organic layer was dried (Na2S04) and the residue was chromatographed
on silica gel, eluting with 20-60% ethyl acetate in hexane to afford 4-{[(2,6-
dichlorophenyl)carbonyl]amino}-N-[{(2-phenylmethyl)phenyljcarbonyl]-L-
phenylalanine methyl ester (195 mg) as an off white solid.

d. A solution of 4-{[(2,6-dichlorophenyl)carbonyl]amino]-N-[{(2-

20 phenylmethyl)phenyllcarbonyl]-L-phenylalanine methyl ester (195 mg, 1.4
mmol) and lithium hydroxide (33.5 mg, 1.4 mmol) in THF:methanol:water (6
mkL, 3:1:1) was stirred over night at room temperature and was concentrated.
The residue was triturated with 1 N aqueous HCI for 10 min and the solids
were collected by centrifugation, washing with water and ether to give 4-[[(2,6-

25 dichlorophenyl)carbonyllaminol-N-[{(2-phenylmethyl)phenyllcarbonyl]-L-
phenylalanine (165 mg) as a white powder which was 97% pure by hple
analysis. FAB MS 569 (M+Na)(1 Cl), 547 (M+H)(1 Cl).

Example 32. Synthesis of 4-[{(2,6-dichlorophenyljcarbonyllamino]-N-{[2-chloro-
4-[[{(3-hydroxyphenyl)methyl]amino]carbonyl}phenyl]carbonyl}-L-
30 phenylalanine

a. In aninert atmosphere, a solution of 3-chloro-4-methoxycarbonylbenzoic
acid (1.13 g; 5.27 mmol), 3-hydroxybenzylamine hydrochloride (0.85g; 5.35
mmol) and HBTU (2.08 g; 5.485 mmol) in dimethylformamide (15 mL) was
stirred while DIPEA (3.54 mL; 26.33 mmol) was added. The reaction mixture
85 was stirred overnight at room temperature, then the volatiles were removed in
vacuo. The amber oily residue was partitioned between ethyl acetate (50 mL)



6.42 mol ), diethyl azodicarboxylate (1.13 g; 6.42 mmol) and 4-[3-(3-

acet oxyben@ %H% dol - 2-chl or obenzoi c acid nethyl ester (1. ;Q;Jr/gygg@g@g nmol )
in dry THF{) ?vvastreated wWith tri ylsilyl azide (0.86 niL; 6.48
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solid (810 splution was ac1d1ﬁed with 1 N HCI (11 mL) and the resulting colorless solid

was filtered, washed with water, and dried in vacuo to give 840 mg of 2-chloro-

15 4-[[(3-hydroxyphenyl)amino)carbonyl]benzoic acid. FAB HRMS:
(C15H12CINO4) Obs. Mass 306.0548 Caled. Mass 306.0533 (M+H)

¢. In an argon atmosphere, to a stirred solution of 2-chloro-4-{[(3-
hydroxyphenyl)aminojcarbonyllbenzoic acid (45 mg; 0.1472 mmol), 4-(2,6-
dichlorobenzoylamino)-L-phenylalanine methyl ester (60 mg; 0.1488 mmol)

20 and HBTU (59 mg; 0.16 mmol) in dimethylformamide (3 mL) was added
DIPEA (0.102 mL; 0.585 mmol). The reaction mixture was stirred for 17 hr at
room temperature, then was concentrated to dryness in vacuo and the residue
was partitioned between dichloromethane (25 mL) and 0.5 N HCI1 (10 mL). The
organic layer was washed with water and the aqueous layers were

25 backwashed in turn with dichloromethane. The combined dichloromethane
extracts were dried (Nag2S0O4) and evaporated to give 80 mg of crude material
that was crystallized from methanol-ethyl acetate to provide 38 mg of N-[[2-
chloro-4-[[(3-hydroxyphenyl)amino] carbonyl]phenyllcarbonyl)-4-[[(2,6-
dichlorophenyl)carbonyl]amino]-L-phenylalanine methyl ester, mp 230-232 °C.

30 FAB HRMS: (C32H26Cl3N30g) Obs. Mass 654.0952 Calcd. Mass 654.0965
(M+H).

d. A solution of N-[[2-chloro-4-{[(3-
hydroxyphenyl)aminojcarbonyllphenyl]carbonyl}-4-[[(2,6-
dichlorophenyl)carbonyl]lamino}-L-phenylalanine methyl ester (35 mg; 0.053
35 mmol) in methanol (0.35 mL) and tetrahydrofuran (0.85 mL) was treated with
an aqueous 1N lithium hydroxide solution (0.16 mL) and the mixture was
stirred at room temperature under argon for 90 minutes. The solution was
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posi ti onal wisesmesiz was crystallized fromether to furnish 5BO0THFI&HSIIS
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phenyl al Bﬁﬁﬁ? h%rgl gster as a colorless solid, np 155-158 'C. FAB HRMS:
([err]) $°1158 Cal cd. Mass 694. 1139 (MHH) .
a. A stirred suspension of 3-hydroxyphenylacetic acid (10.2 g; 67 mmol) in
acetic anhydride (100 mL; 1.06 mol) under anhydrous conditions was treated
with pyridine (0.5 mL). In the mildly exothermic reaction, the solids dissolved
within several minutes and the mixture was maintained at 40 °C for five
15 hours. The reaction was concentrated in vacuo to about half volume, then
water (30 g) in the form of ice chips was added at such a rate that the
temperature remained < 45 °C. When the exotherm had subsided, a second
portion of water (200 mL) was added slowly and the mixture was stirred for
another 30 minutes. The precipitated solid was filtered, washed with water
20 and dried to constant weight in vacuo over P205 to give 3-acetoxyphenylacetic

acid (11.7 g) which was used without further purification.

In an inert atmosphere, a solution of the above 3-acetoxyphenylacetic acid
(1.942 g; 10 mmol), diphenylphosphoryl azide (2.8 g; 10.17 mmol) and DIPEA
(1.92 mL; 11 mmol) in benzene (25 mlL) was stirred at room temperature for 1

25 hr, then the reaction temperature was slowly raised to 70 °C. Evolution of gas
began to be evident as the reaction temperature reached approximately 55 °C
and became much more vigorous as the reaction temperature approached 70
°C. Within 30 minutes at that temperature gas evolution had stopped and the
reaction solution containing the formed 3-acetoxybenzylisocyanate was cooled

30 to 40 °C. Another portion of DIPEA (3.84 mL; 22 mmol) was added, followed
by 4-amino-2-chlorobenzoic acid methyl ester hydrochloride salt (2.95 g; 13.3
mmol) and the brownish purple solution was stirred and heated at reflux
under argon overnight. The reaction mixture was cooled, diluted with benzene
(60 mL) and washed in turn with IN HC1 (50 mL) and dilute brine. The

35 aqueous layers were re-extracted with benzene, then the combined, dried
(MgSO4) organic extracts were evaporated and the crude residue was purified

by HPLC (silica gel; ethyl acetate-hexane-2:3). Evaporation of the appropriate
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15 additional 40 hr. After the solvents were removed under reduced pressure, the
residue was taken up in dichloromethane (100 mL) and washed with water (2
x 50 mL). The aqueous extracts were backwashed in turn with
dichloromethane (50 mL) and the combined, dried (MgS0O4) extracts were
evaporated in vacuo. From a previous experiment it had been established that

20 the reaction yielded a complex, difficultly separable, mixture of several
products, some deacetylated and/or de-esterified. Accordingly, in this
experiment, the residue was dissolved in a mixture of methanol ( 30 mL) and
1IN lithium hydroxide (15 mL) and the mixture was stirred at room
temperature for 2 hr to complete the hydrolyses of both the ester and phenolic

25 acetate groups. Most of the volatiles were removed under reduced pressure
then the basic solution was diluted with water (20 mL) and washed with
dichloromethane (2 x 30 mL). The aqueous layer was then acidified with 1IN
HCI (16 mL) and extracted with ethyl acetate (2 x 50 mL). The dried (MgSO4)
ethyl acetate extracts were evaporated and the residual solid (810 mg),

30 approximately a 4:1 mixture of the desired aminotetrazole and its positional
isomer, was crystallized from ether to furnish 560 mg of 2-chloro-4-[5-[(3-

hydroxyphenyl)aminoltetrazol-1-yllbenzoic acid as a colorless solid. FAB
HRMS: (C15H19CIN503) Obs. Mass 345.0624 Calcd. Mass 345.0629 (M+H).

c. Inan argon atmosphere, DIPEA (0.102 mL; 0.585 mmol) was added to a
35 stirred solution of 2-chloro-4-[5-[[(3-hydroxyphenyl)methyl}amino)-1H-tetrazol-

1-yllbenzoic acid (51 mg; 0.15 mmol), 4-[[(2,6-dichlorophenylicarbonyl]amino}-

L-phenylalanine methyl ester (60 mg; 0.15 mmol) and HBTU (59 mg; 0.1555
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d. An aqueous 1N lithium hydroxide solution (0.33 mL) was added to a
solution of 4-[{(2,6-dichlorophenyl)carbonyllamino}-N-[[2-chloro-4-[5-[[(3-
hydroxyphenyl)methyl]amino]-1H-tetrazol-1-yl]phenyljcarbonyl]-L-

15 phenylalanine methyl ester (75 mg; 0.108 mmol) in methanol (0.66 mL) and
THEF (0.66 mL) and the mixture was stirred at room temperature for 90 min.
After the solvents were stripped under reduced pressure, the residue was
dissolved in water (20 mL) and extracted with diethyl ether (3 x 5 mL). The
aqueous layer was filtered through Celite, then acidified with 1 N HC] (0.35

20 mL). The resulting colorless solid was filtered off, washed with water, and
dried in vacuo to give 57 mg of 4-[[(2,6-dichlorophenyl)carbonyllamino]-N-[{2-
chloro-4-[5-{{(3-hydroxyphenyl)methyl]amino]-1H-tetrazol-1-
vllphenyl]carbonyl}-L-phenylalanine, FAB HRMS: (C31H24C13N705) Obs.
Mass 680.0981 Caled. Mass 680.0983 (M+H).

25 Example 34. Synthesis of 4-[[(2,6-dichlorophenyl)carbonyl]lamino}-N-{[2-chloro-
4-{[{(3-hydroxyphenyl)methyllamino]sulfonyl}phenyljcarbonyl}-L-
phenylalanine.

a. At room temperature, a stirred solution of 4-amino-2-chlorobenzoic acid
methyl ester hydrochloride (1.11 g; 5 mmol) in conc. HC1 (10 mL) was treated
30 in one portion with NaNOg (0.42 g; 6.09 mmol) in water (3 mL). After 15

minutes, the resulting suspension was added over 2 minutes to a rapidly
stirred, saturated solution of SO2 in acetic acid (15 mL) containing CuClg
(0.15g) in water (1 mL). There was an immediate vigorous evolution of gas
that subsided after 10 minutes, whereupon the reaction mixture was diluted

35  with ice water (200 mL). The resulting purplish solid was filtered off, washed
with water, then was dissolved in dichloromethane. The dried (Na2S04)

solution was evaporated in vacuo and the residual material was
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(I0 mL). The aqueous layers were backwashed in turn with dichloromethane
(10 mL). The combined, dried (Na2S04) organic layers were concentrated to

. afford 0.2 g of an oil that was chromatographed (silica gel; 15 g). The product
15 was eluted from the column with diethyl ether-hexane (4:1) and diethyl ether
to give, after evaporation of the appropriate fractions, 165 mg of 4-[(3-
acetoxybenzylamino)sulfonyl]-2-chlorobenzoic acid methyl ester as a colorless
solid. FAB HRMS: (C17H16CINOgS) Obs. Mass 398.0469 Calcd. Mass

398.0465 (M+H).

20 b. A stirred solution of 4-[(3-acetoxybenzylamino)sulfonyl]-2-chlorobenzoic
acid methyl ester (163 mg; 0.41 mmol) in methanol (3 mL) and
tetrahydrofuran (83 mL) was treated at room temperature with an aqueous 1
N lithium hydroxide solution (1.65 mL). After 2 hr the volatiles were removed
under reduced pressure and the residual material was dissolved in water ( 15

25 mL) and the solution filtered through Celite. The filtrate was acidified with 1
N HCI (2 mL) and extracted with ethyl acetate (3 x 10 mL). After the extracts
were backwashed in turn with brine, they were combined, dried (Na2S04) and
evaporated in vacuo to furnish 140 mg of 2-chloro-4-{(3-
hydroxybenzylamino)sulfonyllbenzoic acid. A small sample of the product was

30 crystallized from ethyl acetate-hexane to give a colorless solid, mp 167-169 °C.
FAB LRMS: (C14H312CINO5S) Obs. Mass 342 Caled. Mass 342 (M+H)

¢. A solution of 2-chioro-4-[(3-hydroxybenzylamino)sulfonyllbenzoic acid (50
mg; 0.146 mmol), 4-[[(2,6-dichlorophenyl)carbonyllamino]-L-phenylalanine
methyl ester (60 mg; 0.1486 mmol), HBTU (5 mg; 0.15 mmol) and DIPEA

35 (0.102 mL; 0.585 mmol) in dimethylformamide (3 mL) was stirred for 17 hr
under argon at room temperature, then was concentrated to dryness under
reduced pressure The residue was partitioned between dichloromethane (25
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(0.35 mL). After the reaction was stirred at room temperature for 90 minutes,
15 the solvents were removed under reduced pressure. The crude product in the
minimum amount of methanol was then applied to a column of silica gel (5 g)
made up in a mixture of chloroform, methanol, acetic acid and water
(15:3:1:0.6). The column was eluted with the same solvent mixture and the
appropriate fractions were combined and evaporated. The residue was
20 lyophilized from deionized water to give 36 mg of 4-{{(2,6-
dichlorophenyl)carbonyliamino}-N-[[2-chloro-4-[[[(3-
hydroxyphenyl)methyllamino]sulfonyllphenylicarbonyl]-L-phenylalanine as
an off white solid. FAB HRMS: (C30H24ClgN307S) Obs. Mass 676.0482

Caled. Mass 676.0479 (M+H).

25 Example 35. Coupling of N-[(9H-fluoren-9-ylmethoxy)carbonyl]-4-[{(2-
propenyloxy)carbonyl]lamino}-L-phenylalanine to Wang resin.

o]
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L-phenylalanine per gram of resin by quantitative UV measurement of the

Fmoc present on the resin.

Example 36. Synthesis of 4-amino-N-{(9H- ﬂuoren-9-y1methoxy)carbonyl] -L-.
phenylalanine on Wang resin.

15 A 500 mL cylindrical glass vessel equipped with a coarse glass frit was
charged with 10 g of N-[(9H-fluoren-9-ylmethoxy)carbonyl]-4-[[(2-
propenyloxy)carbonyllamino}-L-phenylalanine substituted Wang resin (10 g)
obtained from Example 35 and a solution prepared from Pd(PhgP)2Clg (1.6 g,
2.3 mmol) and acetic acid (5 mL, 83 mmol) in dry dichloromethane (150 mL).

20 The resulting mixture was agitated for 30 minutes followed by the addition of
tri-n-butyl tin hydride (20 mL, 74.3 mmol). The resulting mixture was
agitated for 1 hour. To the mixture was added tri-n-butyl tin hydride (10 mL,
37 mmol). Agitation was continued for 1 hour and the mixture was filtered.
To the resulting resin was added a solution prepared from Pd(Ph3P)2Cly (1.6

25 g, 2.3 mmol) and acetic acid (5 mL, 83 mmol) in dried dichloromethane (150
mL). The mixture was agitated for 30 minutes followed by the addition of tri-
n-butyl tin hydride (20 mL, 74.3 mmol). The resulting mixture was agitated 1
hour. To the mixture was added additional tri-n-butyl tin hydride (10 mL,
37.15 mmol). Agitation continued for 1 hour. After the second deprotection

30 cycle, the mixture was washed with dichloromethane (2 x 100 mL), methanol
(2 x 100 mL) and dimethylformamide (2 x 100 mL) to give 4-amino-N-[(9H-
fluoren-9-ylmethoxy)carbonyl]-L-phenylalanine on Wang resin suitable for use
in subsequent steps.

Example 37. Synthesis of 4-[[(4-quinolinyl)carbonyl]amino]-L-phenylalanine
35 on Wang resin
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(2 x 100 mL). Filtration afforded 4-[[(4-quinolinyl)carbonyljamino]-L-
phenylalanine on Wang resin suitable for use in the next step.

Example 38. Synthesis of N-[(2,6-dimethylphenyl)carbonyl}-4-[[(4-
15 quinolinyl)carbonyl)amino]-L-phenylalanine.

4-{[(4-Quinolinyl)carbonyllamino}-L-phenylalanine on Wang resin (300 mg,
0.20 mmol) was washed with dichloromethane (2 x 10 mL), methanol (2 x 10
mL) and dimethylformamide (2 x 10 mL). To the resin was added a solution
prepared from 2,6-dimethylbenzoic acid (150 mg, 1.0 mmol), BOP (450 mg,

20 1.02 mmol) and diisopropylethylamine (0.23 mL) in 4 mL of N-
methylpyrrolidone at room temperature. The resulting mixture was agitated
for 2 hr. The reaction mixture was then filtered and washed with
dichloromethane (2 x 10 mL), methanol (2 x 10 mL) and dichloromethane (2 x
10 mL). Cleavage was effected by treatment with 90% trifluoroacetic acid

25 (TFA)in dichloromethane for 5 minutes. The mixture was filtered and the
TFA was removed under high vaccum. Addition of ether (25 mL) effected
precipitation of N-[(2,6-dimethylphenyl)carbonyl}-4-[[(4-
quinolinyl)carbonyl)amino]-L-phenylalanine (0.16 g).

Examples 39 - 49. Using the procedure described in Example 38, the
30 compounds shown below were prepared starting from 4-[{(4-

quinolinyl)carbonyllamino]-L-phenylalanine and the appropriate benzoic acid
derivates.
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Examples 62. Synthesis of N-[(2,6-dimethylphenyl)carbonyl}-4-[((2,4,6-
trimethylphenyl)sulfonyllamino]]-L-phenylalanine.

Wang resin loaded with 4-amino-N-[(9H-fluoren-9-ylmethoxy)carbonyl]-L-
phenylalanine (3.0 g, 2.28 mmol) in pyridine (15 mL) was cooled to 0 °C and
2,4,6-benzenesulfonyl chloride (2.49 g, 11.4 mmol) was added and the mixture
was agitated over night at room temperature. The mixture was filtered and
the resin was washed with methanol and dichloromethane. The coupling
procedure was repeated. To the washed resin was added a solution of 25%
piperidine in N-methylpyrrolidone (10 mL), the mixture was agitated at room
temperature for 20 minutes and filtered. The process was repeated and the
resulting slurry was filtered and washed with dichloromethane (2 x 10 mL),
methanol (2 x 10 mL) and dimethylformamide (2 x 10 mL). Filtration afforded
4-[[(2,4,6-trimethylphenyl)sulfonyl]aminol-L-phenylalanine on Wang resin
suitable for use in the next step.

A sample of the above resin (0.3 g, 0.28 mmol) was suspended in N-
methylpyrrolidinone (8 mL) and treated with 2,6-dimethylbenzoic acid (171
mg, 1.14 mmol), BOP (0.50 g, 1.14 mmol) and DIPEA (0.26 mL, 1.4 mmol).
The mixture was stirred at room temperature for 3 hr, was filtered. and
washed with dichloromethane (2 x 10 mL), methanol (2 x 10 mL) and
dichloromethane (2 x 10 mL). Cleavage was effected with 90% trifluoroacetic
acid (TFA) in dichloromethane for 5 minutes. The mixture was filtered and



- 63 - the TFA was renoved under high vaccum Addition of ether (25 nlL)
ef fected pwex9yiodrt i on of N-t (2, 6-di net hyl phenyl ) carbonyl ] -PCI/EHER53S6-
trimet hyl phenyl ) sul fonyll am no]]-L-phenylggl-ani ne. Exanpl e 63.

N- ( 2- Bronmobenzoyl )-4-[[ (2, 4, 6-tri met hyl phenyl )sul fonyl | ami nol - 5
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br omobenzoi &F PH:aB’QPrféJ I{Iﬁ@ géid@reéﬁy @Ca&%ﬁﬂém&# Bxanpl e 62.
Exanpl e 64. tSymdthepiterdfi)sulfonyl]amino]]l-L-phenylalanine.

4-[[ (4-cyano- 4- phenyl - 1- pi peri di nyl ) car bonyl | am no] -

i e T
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i n one port bvemobeBzeic acid esm@st}agmehme@hod descrabed toexampbebit.ure. The
15 m xture was then filtered and washed with di chl oronethane (3 x 25 nlL)

The resin %Zi,ﬂtﬁ s Irl40(( ergg 2 _ ﬂg@% 1 3 6
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added. The 1~ prlanige. The reaction m xture

was then filtered and washed with dICh| ororret hane (2 x 50 nL), nethanol (2

x 50 10 4-Amino-N-[(9H-fluoren-9-ylmethoxy)carbonyl]-L-phenylalanine on Wang
resin (3.0 g, 2.04 mmol) was placed in a vessel fitted with a glass frit and was
suspended in dichloromethane (50 mL) and DIPEA (0.98 mL, 5.6 mmol). The
mixture was shaken for 15 min and triphosgene (1.1 g, 3.7 mmol) was added
in one portion. The mixture was agitated for 2 hr at room temperature. The

15 mixture was then filtered and washed with dichloromethane (3 x 25 mL). The
resin was suspended in dichloromethane (50 mL) and DIPEA (1.0 mL, 5.6
mmol) and 4-cyano-4-phenylpiperidine hydrochloride (2.73 g, 12.2 mmol) was
added. The resulting mixture was agitated for 4 hr. The reaction mixture was
then filtered and washed with dichloromethane (2 x 50 mL), methanol (2 x 50

20 mkL), dimethylformamide (2 x 50 mL) and methanol (2 x 10 mL). Cleavage of
the Fmoc group was effected by treatment with 25% piperidine in N-
methylpyrrolidinone (2 x 15 min).

The above resin (0.3 g, 0.20 mmol), 2,6-dimethylbenzoic acid (0.15 g, 1 mmol)
was suspended in N-methylpyrrolidinone (3 mL) and treated with BOP-Cl

25 (0.26 g, 1.0 mmol) and DIPEA (0.23 mL, 1.3 mmol). The mixture was stirred at
room temperature for 3 hr and was filtered. The reaction mixture was then
filtered and washed with dichloromethane (2 x 10 mL), methanol (2 x 10 mL)
and dichloromethane (2 x 10 mL). Cleavage was effected with 90%
trifluoroacetic acid (TFA) in dichloromethane for 3 minutes. The mixture was

30 filtered and the TFA was removed under high vaccum. Addition of ether (25
mL) effected precipitation of 4-[[(4-cyano-4-phenyl-1-
piperidinyl)carbonyl]amino]-N-{(2,6-dimethylphenyl)carbonyl]-L-
phenylalanine,

Examples 65 — 66. Using the procedure described in Example 64, the following
35 compounds were prepared:



20 mL), dinmethylformamde (2 x 50 nL) and nethanol (2 x 10 mL). C eavage of
the Frnoc gvougpiomas ef fected by treatment with 25% pi peri di MRCT/REPIYOS13S
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N- et hyl pyrrolidi no m.) and treated with BOP-C 25 (0.26 g, 1.0 mmol)
and DI PEA (0. 23 ., nmmol ). The m xture was stirred at roomtenperature
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Example 67. Synthesis of N-(2-chloro-6-methylbenzoyl)-4-nitro-L-phenyl
alanine methyl ester

O/

o)} Cl

To a solution of 4-nitro-L-phenylalanine methyl ester hydrochloride (1.527 g,
5.86 mmol), 2-chloro-6-methylbenzoic acid (1.0 g, 5.86 mmol) and DIPEA (3.2
mL, 2.3 g, 18 mmol) in DMF (10 mL) was added HBTU (2.22g, 5.86 mmol) at
room temperature. After 4 hr at room temperature, the reaction mixture was

10 diltuted with ethyl acetate (200 mL) and the organic layer was washed with
water (20 mL), 1N HCl, NaHCO3 and brine (2 x 30 mL for each solvent) and

dried over Na2S04. After removal of the solvent, the residue was purified by
chromatography on silica gel eluting with ethyl acetate:hexane (1:2), to give

N-(2-chloro-6-methylbenzoyl)-4-nitro-L-phenyl alanine methyl ester (1.71 g,
15 4.50 mmol, 77.6 %). mp, 123-4 °C. Analysis (C18H17CIN205) caled.: C, 57.38.

H, 4.55. N, 7.43. Found: C, 57.11. H, 4.58. N, 7.27.

Example 68. Synthesis of 4-amino-N-[(2-chloro-6-methylphenyl)carbonyl}-L-
phenylalanine methyl ester



[err] To a solution of 4-nitro-L-phenylal ani ne net hyl ester eﬁrocﬁﬁorl de
(1.527 g, WB®MEHMS ), 2-chloro-6-nethyl benzoic acid (1.0 g, BEEBPBI} and
DIPEA (3.2 nL, 2.3 g, 18 mol) in DVF (106%) was added HBTU (2.22g, 5.86
mmol ) at roomtenperature. After 4 hr at roomtenperature, the reaction
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sol uti omoagEtdiple 69. Synthesis of (S)-N-(2-chloro-6-methylbenzoyl)-4-[[{[1-(1,1-
dimethylethoxy)carbonyl]-2-piperidinyllcarbonyl]amino]}-L-phenylalanine
methyl ester

A solution of 4-amino-N-[(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine
methyl ester (347 mg, 1.0 mmol) in DMF (2.0 mL) was treated with (S)-

15 piperidine-1,2-dicarboxylic acid 1-(1,1-dimethy)lethyl ester (347 mg, 1.0
mmol), HBTU (380mg, 1.0 mmol) and DIPEA (0.54 mL, 3.0 mmol) at room
temperature for 6 hr. The reaction mixture was diluted to 6 mL with water
and the white precipitate was collected by filtration and was washed with
water (2 x 2 mL). After drying under vacuum, the light yellow powder was

20 recrystillized from ethyl acetate-hexane to give (S)-N-(2-chloro-6-
methylbenzoyl)-4-[[[{1-(1,1-dimethylethoxy)carbonyl]-2-
piperidinyllcarbonyl}jamino]-L-phenylalanine methyl ester (607 mg, 0.82
mmol, 82%) as a white solid, mp: 87-91°C. HRMS: calcd. 558.2371. Obs.
5568.2359 (M+H).

25 Example 70. Synthesis of (S)-N~(2-chloro-8-methylbenzoyl)-4-[[(2-
piperidinylcarbonyllamino]-L-phenylalanine methyl ester hydrochloride

A solution of (S)-N-(2-chloro-6-methylbenzoyl)-4-{[1[1-(1,1-
dimethylethoxy)carbonyl]-2-piperidinyl}carbonyllamino]-L-phenylalanine
methyl ester (475 mg, 0.85 mmol) in 2 mL of dicloromethane was treated with
30 4N HCl in dioxane (2 mL). The solution was stirred at room temperature for 4
hr and the solvent was then removed under vacuum. The residue was then
treated with 50 mL of ether and the light yellow precipitate was collected and
was dried under vaccum to give (S)}-N-(2-chloro-6-methylbenzoyl)-4-[[(2-
piperidinyl)carbonyl]aminol-L-phenylalanine methyl ester hydrochloride (440
85 mg, 0.89 mmol, >100%) as a light yellow powder. ES MS: 458 (100%) (M+H).
NMR (DMSO-d6, 4, ppm): 10.26 (s, 1H), 9.30 (bd, 1 H), 9.00 (d, 1H, J = 9 Hz),



made al kaline by addition of solid Klerr] to pH>10 and was extracted with
et hyl acety@phgoggaix 100 nL). The conbi ned extracts were dri eRCTERIS/OSISK I ]
and were concentrated to give 4-am no-N-(g2rchl oro-6-nethyl benzoyl)-L-
phenyl al ani ne nethyl ester as a light yellow foam (1.37 g). 10 Exanple 69.
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(347 riig, I rm)'bl) in DVF (2.0 nL) was treated with (S)- 15

pi peridi ne-1, 2-di carboxylic acid_1-(1,1-dinmethy)lethyl ester_ (347 , 1.0
mol ), HBTUEXzgapls, 71 Synthesis Oé!L\B[@r@ﬁm-ﬁrrsathvﬂyhenw?ﬁfgpyyar‘i-f(éag?—
tenper at @ e hb@hhSdF-3-(A18ydr8RFHh Ny 1IN xR Ao U5l Alipseidia-ByliL W t h wat er
and the V\hlt%ﬁg;fcll pitate was col l'ected by filtration and was washed with

water (2 x P Az dryi ng under vacuum the light yell ow powder was 20
recrystillized fromethyl acetate-hexane to give (S)-N(2-chloro-6-

met hy| benz oys)-NHd-EhIbro-B, taedhylbehybyl)-Hei{(2) pipebichsy Dedrbonyllamino]-L-
o per! 001 LSRR ATARlet b gl At O 7 Snb 5001 D 8
558. 2359 ( Mehd., 024 mExzotp aed Achydyoxyheszaldehyde (30 mg, 0.25 mmol) was added to
(5N oo RN B el PEOTA o .
(S) - N- ( 2- chireswltgrariktuneshze stiyred yoopy tempenatuge peernigbt apR\ate Hodgy
- 2-pi peri di nyl hfeaTiRUM dooBdl BPtoork tORPEYARIr8 MM mixture was transfered onto a
silica gel column and eluted with ethyl acetate:hexane (2:1) to give N-[(2-
chloro-6-methylphenyl)carbonyl]-4-[(8aS)-hexahydro-3-(4-hydroxyphenyl)-1-
15 oxoimidazo{l,5-alpyridin-2-yl]-L-phenylalanine methyl ester (17.5 mg, 0.031
mmol) as a foam. The methyl ester (17.5 mg, 0.031 mmol) was hydrolyzed
with 1N NaOH (0.1 mL, 0.1 mmol) in 0.5 mL of ethanol at room temperature
for 6 hr. The reaction mixture was acidified to pH< 2 with TFA and was
purified on RP-HPLC to give N-[(2-chloro-6-methylphenyl)carbonyl]-4-[(8aS)-
20 hexahydro-3-(4-hydroxyphenyl)-1-oxoimidazo(1,5-a]pyridin-2-yl}-L-
phenylalanine (8.3 mg, 0.015 mmol). in 7.5% yield. HRMS: calcd, 548.1952.
Obs. 548.1938 (M+H).

Example 72 — 74. Using the procedure described in example 71, the
compounds shown below were prepared.

HN. O
Cl

25

Example |R Calc Mass | Obs. Mass
(M+H) (M+H)




met hyl

ester (475 ng,

0. 85 mmmol )

in 2 nmL of dicloronmethane was treated with
30 4N HCl wo wditoxiane (2 nL). The solution was stirred at ro@®@TYERPEFIS ure
for 4 hr and the solvent was then renovedggnder vacuum The residue was
then treated with 50 nL of ether and the |ight yellow precipitate was

col l ected was dri nder vgccumto give
(S)-N-(2-chl oro-6-n nzoyl )l-4-[[( 2-
pi peri di nyl}) car bony enyl al ani ne net hyl ester hydrochl oride (440
35 my, 0.897anol, > ght yell ow powder. ES MS: 458 (100% (M+H).
NNR(DIVBOE6, d, pg 1H), 9.3& (bd, 1 H{ 9.00 (d, 1H, J =9
Hz) , - 6 - 8.8( : 2 Tode8 Hz), 7.24 (m 5H), 4.70
(m 1H, 3]90 (m 1 %%8,('1%5.%2 ?#8-5#? 305 (m 2H), 2.25 (m
1H), 2.05 (js—3H Exanpte—Ft—Synthes{ s of
N-[ (2- chl or{o- 6- net W onyl|-4-[(BaS)- 6
hexahydr o- 3- (4- hydr oxoi m dazoj [ 1, 5-al pyfidin-2-yl]-L-
phenyl al anilra. (S) - - et hyl bengoyl ) - 4-
[ (2- pi peridinyl)car L- phenyl aj ani ne net hyl ester hydrochl oride
(100 nmg, 0.]2 mmol), M., 0.54 npol) and 4{hydroxybenzal dehyde
(30 ng, 0.45 nmmol ) was added to [10 a suspepsion of ag¢tivated 3A nol ecul ar
sieves (10Gmgy T THE 1 5§ )T The Tesut i n§) mixturte was stirred room
tenperat urg over ni gifttegadldt 60 [€08-1904 or | 808.1910
CH3
74 créM_b
OH

10

15

20

Example 75. Synthesis of N-(2-chloro-6-methylbenzoyl)-4-[[(2R)-2-amino-4-
methyl-1-oxopentyllamino]-L-phenylalanine methyl ester

A solution of 4-amino-N-[(2-chloro-6-methylphenyl)carbonyl}-L-phenylalanine
5 methyl ester (661 mg, 1.61 mmol), prepared using procedure described in
Example 68, in DMF (4.5 mL) was treated with N-Boc-D-leucine (393.2 mg,

1.7 mmol), HBTU (644.3 mg, 1.7 mmol) and DIPEA (0.62 mL, 3.50 mmol) at
room temperature for 6 hr. The reaction mixture was diluted to 30 mL with
water and the white precipitate was collected by filtration and was washed
with water (2 x 2 mL). After drying under vacuum, the light yellow powder
was recrystillized from ethyl acetate-hexane to give N-(2-chloro-6-
methylbenzoyl)-4-[[(2R)-2-[(1,1dimethylethoxy)carbonyl}amino-4-methyl-1-
oxopentyllamino]-L-phenylalanine methyl ester (920 mg) as a white solid. MS
560 (M+H,1 Cl). This solid was dissolved in 4 N HCl in dioxane (5 mL). The
solution was stirred at room temperature overnight . After dilution with
ether, the white suspension was allowed to stand at -5 °C for 1 hr. The white
solid was collected by filtration and was dried under vacuum for 5 hr. The
above solid was then dissolved in 20 mL of water and the solution was treated
with sodium bicarbonate followed by K2CO3 to PH >9. The mixture was then
extracted with dichloromethane (2 x 256 ml.) and was dried over sodiun sulfate.
After removal of solvent, the residue was then dried under vacuum at 50 °C
overnight to give white solid (520 mg, 1.1 mmol) in 70 % overall yield. HRMS:
Obs. 460.1997, Calc. 460.2003 (M+H).



hr. After it was cooled to roomtenperature, the m xture was transfered
onto a silwo®sgadizcol um and eluted with ethyl acetate: hexab@I/EP981051350 gi ve
N[ (2- - 68 -

chl oro- 6- met hyl phenyl ) car bonyl | - 4-[ (8aS) - hexahydr o- 3- (4- hydr oxyphenyl ) - 1-

15 1gox0! M daZGidhphs 76T LA(IS 4RY ﬂa&tﬂhggmeagm' (@emea&gx}mkoﬁ@ Blokol7- 5 Ny,

0.031 mml ) as a n%

hydrol yzed vxmxdamhchadﬂty }ONi(zrﬁ_ oxp-¢-mRgidty)benzoy! 5['@3@6’1%%?“;47 oom
tenperature :m 4R)B-acdhR2L qun(zrm@tyy@rwpﬂ)@cm frhRth ZoBi A -A) W (2 TFA
and was puri |ed 8 PL glg ]

N-{ ( 2- chl or FP3o%fs m&gﬂé{ 0¥ &\%?Pp’aéaf‘t’seaS) 20

hexahydr o- 3- ( 4- hydr oxyphenyl ) - 1- oxoi mi dazo [1, 5-a] pyridin-2-yl) -L-

phenyl al agi N&){P8-(2-chitpro®B-tdshpieingoyh)d- (2R Aaehido-4HMBhyt-dl cd, 548. 1952.

s o2 A0 L ENATE PRl B0 bR B ARy
Sy n':] hles: s ofdlklsc(lﬁedhnhmmtﬁrmﬁ’BHMIHGME)BZ(-lll[ (2RmI2: dho tbe 401ut10n was
aam no- 1 | (B e gy %?’%ﬁi‘ onérrﬁ?{- ik 1‘éﬁﬁ°§§vﬁg Pl at
ester (561 rﬂgaomtmpmye Eqs wgaglmmérwgér asded te 9 Exéflrp
68, in Dif (geeti J&ahyzﬁsdé { @qtﬁ&l \Mkmhlo %Qﬂt@é&dd&ﬁ \flg%?‘sﬁ’lﬁge aiad7th@m)|)

HBTU (644. 3 P p
( srTqvutlon was stlrreg B.O %for 3 er evaporxmgo%x o?" solvent, the
residue was diluted with ethyl acetate and was washed twice with saturated

sodium bicarbonate solution. After removal of the solvent, the residue was
dissolved in 3 mL of mixed solvent ( THF/ethano/H20 = 2/2/1) and was

15 treated with 1N sodium hydroxide (0.2 mL, 0.2 mmol). After 4 hr at room
temperature, the reaction was quenched with 0.5 mL of acetic acid and the
crude product was purified on RP-HPLC (C18, 5-95-35-214) to give the trans
isomer, 4-[(2S,4R)-3-acetyl-2-phenyl-4-(2-methylpropyl)-5-oxoimidazolidin-1-
y1]-N-(2-chloro-6-methylbenzoyl)-L-phenylalanine (27 mg, 46 pmol), HRMS

20 {(M+H): obs. 576.2251, cale. 576.2265. The corresponding cis-isomer, 4-
[(2R,4R)-3-acetyl-2-phenyl-4-(2-methylpropyl)-5-oxoimidazolidin-1-yl]-N-(2-
chloro-6-methylbenzoyl)-L-phenylalanine (50.1mg, 86 nmol) HRMS (M+H).
calc. 576.2265, obs.576.2250.

25 Example 78. Synthesis of N-[(2-chloro-6-methylphenyl)carbonyl}-4-[(S)-
hexahydro-1,3-dioxoimidazo[1,5-a]pyridin-2-yl)]-L-phenylalanine.

To a solution of N-(2-chloro-6-methylbenzoyl)-4-[{(S)-(2-
piperidinyl)carbonyl)amino]-L-phenylalanine methyl ester hydrochloride (50
mg, 0.1 mmo}l) and DIPEA (0.020 mL, 0.1 mmol) in 0.2 mL of dichloromethane

30 was added carbonyldiimidazole (16.2 mg, 0.1 mmol) at room temperature. The
solution was then stirred at this temperature for 6 hr. The reaction mixture

was diluted with ethyl acetate to 5 mL and the organic layer was washed with
1IN HCI, sat. NaHCO3 and brine (2 x 1 mL for each solvent) and was dried

over NagS0O4. The solvent was then removed under vacuum to give a light

35 yellow solid (53.4 mg, 0.11 mmol). The above solid was then disolved in
ethanol (1 mL) and was stirred with 1IN NaOH (0.1 mL, 0.1 mmol) at room



roomtenperature for 6 hr. The reaction m xture was diluted to 30 nL with
wat er and wheomsiz e precipitate was col l ected by filtrati onP&REPRESMEshed
10 with water (2 x 2 nL). After drying ung®- vacuum the light yellow

powder was recrystillized fromethyl acetate-hexane to give N-(2-chloro-6-
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hr. The aboy®+3Hd).i d was then dissolved in 20 nL of water and the sol ution
was treated with sodi um bi carbonate followed by K2C38 to PH >9. The m xture
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i m dazol i di nmlumam l‘tﬁso 6- met hyI benzoyl ) L phenyl al ani ne and 4-

[ (2R, 4R) - 3- acet yl - 2- phenyl 4- (2- met hyl propyl ) - 5-oxo-i m dazol i di n-1-yl]
N ( 2-

H
HN.__O
R
Ct
10
Example |R I1C50 HRMS HRMS
(H+H)
nM (M+H)
Caled.
Obs.
79 CHp £
CHy Ns{:: 0.53 4441326 |444.1320
Hg
H
H3 3 [\(
80 CHS-HO 0.24 472.1639 [472.1643
81 ”3Z>A;.p‘i ~ |049
Hs che
* o 472.1639 [472.1643
82 Haw 0.56
He CH:,-"’*((
© 486.1795 |486.1818
83 :Hfﬁ
N—
N—(
o ]0.72 518.1482 |518.1469




chl or o- 6- net hyl benzoyl ) - L- phenyl al anine. 5

(S) - N- (2- cwiomoneBznet hyl benzoyl ) - 4-[ (( 2R) - 2- ami no- 4- met hy| -RCT/EP98/05135
oxopentyl ) am nol - L- phenyl al ani ne nmethyl egper (100 ng, 0.2 nmol) was

di ssolved in mxture of THF/CH Owe)3 (1/1, 1.0 nL). To the solution was

t hen added [penzal dghydg (21.2 my, 0.2 mmgl ) and thg sol ution S stirred at
roomtenperjature. Af 24 hr, {the reactijon m xturg was heated to 95 'C, 10
acetic anhydride ( |0. 1.0 jmmol ) was i ntroduced via a syrjinge and the
solution waB4stirrgd atytdd-[erfd B for 3 {20 . ¥63%r |H20pb828 i on of sol vent,
the residuel was diljusgeNw{th etlhyl acetatle and was washed twilce with

sat ur at ed sjodi um bijcarbon& e sal ution. Affter renoval of the sjolvent, the
resi due wastdissolvied in 3 md aof m xed lvent (THH/ethanol/H20 = 2/2/1)
and was 15 treated with 1N sodi um hydroxide (0.2 nmL, 0.2 mml). After 4 hr
at roomtenperature, the reaction was quenched with 0.5 nL of acetic acid

T T MRt S, SRSl AN el i lonnBe oAyt © 91 ve
4-1(2S, 4R) - pleaalslanrnehesthiyl éste2- et hyl propyl ) - 5- oxoi m dazol i di n-1 -
yl 1 -N-(2-chl oro-6-net hyl benzoyl ) - L- phenyl al ani ne (27 ng, 46 janol), HRMS 20

n¢ ap Ovasiye m .

chl or o- 6- Aretdigh

caic. 576. Zzégoriﬁg.sAﬁZﬁ 4492 Che %%xt&%ﬁé € rgint%ﬂe h é?es%ﬁ e was taken u
N-[ (2-chl or o-b- hyl phenyl’) carbonyl 1 - 4- - 0- g | a
o oo o L Mot e
N- ( 2- chl or o-fdandydatebriag!(30 4nl.], @R)d-was dried (MgSO4). Filtration and ‘
concentration gave 8.0 g of a solid which was purified by HPLC (Waters Prep

10 500 -dual silica gel cartridges; 1:1 ethyl acetate-hexane) to give 4-nitro-N-{(2,6-
dimethylphenyl)carbonyl}-L-phenylalanine methyl ester (5.26 g, 74 %).

Example 86. 4-Amino-N-[(2,6-dimethylphenyl)carbonyl]-L-phenylalanine
methyl ester was prepared using the procedure described in example 68; from
4-nitro-N-{(2,6-dimethylphenyl)carbonyl}-L-phenylalanine methyl ester (5.2 g,
15 14.6 mmol) there was obtained 4-amino-N-{(2,6-dimethylphenyl)carbonyl]-L-
phenylalanine methyl ester (4.6 g, 97 %) as a light yellow glass.

Example 87. Synthesis of 4-[[(4-carboxy-3-pyridinyl)carbonyl}amino]-N-[(2,6-
dimethylphenyl)carbonyl}-L-phenylalanine and 4-[[(3-carboxy-4-
pyridinyl)carbonyl}lamino]-N-[(2,6-dimethylphenyl)carbonyl]-L-phenylalanine

20 A solution of 4-amino-N-[(2,6-dimethylphenyl)carbonyll-L-phenylalanine
methyl ester (630 mg, 1.162 mmol) and 3,4-pyridinedicarboxylic acid
anhydride in dichloromethane (30 ml.) was allowed to stir over night and the
precipitate was collected. The solids were dissolved in THF (100 mL), filtered
and concentrated to give 1.1 g of a mixture of isomeric carboxylic acids. This

25 material was dissolved in ethanol (50 mL) and treated with 1 N NaOH (15
mL, 15 mmol) and stirred for 2.5 hr. The mixture was acidified with excess
acetic acid and was purified in 3 batches on the Rainin RP-HPLC to give 0.60
g of a white solid as a mixture of isomeric dicarboxylic acids.

Example 88. Synthesis of 4-(2,3-dihydro-1,3-dioxo-1H-pyrrolo[3,4-c]pyridin-2-
30 yl)-N-(2,6-dimethylbenzoyl)-L-phenylalanine.



pi peri di nyl)carbonyl] am no] -L-phenyl al anine nmethyl ester hydrochl oride
(50 gy, OWO 96312 and DI PEA (0.020 nl, 0.1 mmol) in 0.2 nl PS/EP98/05135

di chl oronet hane 30 was added carbonyl di i ffiidazole (16.2 ng, 0.1 nmol) at
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(MtH) . Exanpl es 79-84. Using procedures described in Exanples 69, 70 and

et by pheng R ] B e ot opr f at e
ami ng gci d%g?ﬁ{,i&{;\%}%@mﬁ)}%}o-f:g?dioxo-lﬁ-pyrro){o [3,4$1c]pyr1 n—é-yﬁ'ﬁpp P

10 phenylalanine.

A solution of 4-(2,3-dihydro-1,3-dioxo-1H-pyrrolo[3,4-clpyridin-2-yl1)-N-(2,6-
dimethylbenzoyl)-L-phenylalanine (108 mg, 0.24 mmol) in ethanol: THF (25
mL, 1:1) was hydrogenated over 10 % Pd/C (20 mg) for 4 hr. The mixture was
filtered, concentrated and purified by RP-HPLC on a Rainin HPLC. The first

15 product to elute was lyophilized to give N-[(2,6-dimethylphenyl)carbonyl]-4-
[(R,S)-2,3,5,8,7,7a-hexahydro-1,3-dioxo-1H-pyrrolo[3,4-clpyridin-2-yl}-L-
phenylalanine (29 mg, 27 %), FAB HRMS: obs., 448.1862. Calcd., 448.1873
(M+H). The second product to elute was lyophilized to give recovered starting
material (47 mg, 43 %).

20 Examples 90 -96. The compounds shown below were prepared using the
methods described in example 13 by hydrolysis of 4-[[(2,6-
dichlorophenyl)carbonyl]lamino]-N-aroyl-L-phenylalanine methyl ester

derivatives.
Cl
H
?. /*g HQA
H COH
R/KO
Example | Starting R IC50 |IC60 |HRMS
Material nM |Ramos |Caled Obs

nM
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0.25

9.5

569.0107
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Example 172

0.46

33

529.0100

529.0097

Example 96. N-(2-Chloro-6-methylbenzoyl)-[(R)-2,5-dioxo-3-methyl-4-(1-

methylethyl)-1-imidazolininyl]-L-phenylalanine methyl ester was prepared
from 4-amino-N-(2-chloro-6-methylbenzoyl)-L-phenylalanine methyl ester and
N-[(1,1-dimethylethoxy)carbonyl]-N-methyl-D-valine using the procedure
described in examples 69, 70 and 78.

Example 97-102. Using procedures described in the Examples 75, 76 and 77

the following compounds were prepared from 4-amino-N-(2-chloro-6-
methylbenzoyl)-L-phenylalanine methyl ester and the appropriate Boc-
10 protected amino acids.

HN
Cl



pr eci pi taté was col |l ected. The solids were dissolved in THF (100 niL),
filtered awo9gmemaentrated to give 1.1 g of a mixture of isoREFERI&MPoxylic

aci ds,

This 25 materi al

was di ssol ved i n. gghanol

N NaOH (15 mL, 15 nmol) and stirred for 2.5 hr.
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Example 103. Preparation of 2-bromo-6-methylbenzoic acid.



di et hyl benzoyl ) - L- phenyl al ani ne (108 ng, 0.24 mmmol) in ethanol: THF (25 ni,
1:1) was kysisopmgenat ed over 10 % Pd/ C (20 ng) for 4 hr. TheP@I/RPI®S13has
filtered, concentrated and purified by RP4HPLC on a Rainin HPLC. The first
15 product to elute was |yophilized to give
N-[ (2, 6-di met hyl phenyl ) car bonyl | - 4-

[(R S)-2, 3,5, 6,7, da-Hexa r ' rrol
phenyl al ani n mﬁ 27'13’/%%&%{1'\@%%58WA4 2. Calcd., 448.1873

(MrH) . The s roduct t oy gini.euan,dyophiliz gi ve recovered
starting materi al N?'ﬁ? mg, 43 9% . 20 Exanples 90 -96. The conpounds shown

bel ow wer e prep#gRO, usi ng the nethods described i @sHeRéhpl e 13 by hydrol ysis
of 4-[[(2, 6-MaiWtl16t.6phenyl ) car bonyl ) ani nol - N- a¥MeyWLL 2¥$H¥ny| al ani ne net hyl
ester derivatives. H [err] Exanple 96.
N- (2- Chl or 0- 6- net hyl benzoyl ) -[ (R) - 2, 5-di oxo- 3-net hyl -4-(1- |
met hyl et hy| Guprdus breraite waspreparesh byheating mdeep phyplessolation® prepar ed
from 4-am neq,8,: Pg% 108D DenzPXaBri 6B B 26 78I )anEBRYS3 ester and
5 N[(1,1- Eh@lr'}ggﬁﬁ%g%(y car bgh@ﬁl? I\I—rEr}%ih rIL(- 5>_val i ne usgl)nn hceggr cedure
descri bed i48%xanfiadsind Cumpwgay (B4 m n%?eg 9?-%?911%11&@ t:bxe es
descri bed i glhtien beaaieascoldrledSsdition /This solution was then added in portions
to a hot solution (ca.90°C) of 2-amino-6-methylbenzoic acid (33 mmol, 5 g) in
H:0 (80 mL) and HBr (11.5 mL). This was followed by the dropwise addition
of a solution of NaNOg (99 mmol, 6.85 g) in H20 (20 mL) to this stirred heated
solution over a period of 25 min. The dark-brownish mixture was heated at
10 ¢a.90 °C for 1 hr and then was heated at reflux for another 30 min before it
was cooled to room temperature and stirred for 2 hr. Then, the mixture was
poured into ice (~500 g), 5% NaOH solution was added until pH 14 was
reached and the resulting dark suspension was filtered through celite. The
yellow filtrate was acidified with cone. HCI to pH 1. Extractive work-up (Et20,
15 3 x 150 mL) gave a dark residue which was dissolved in Et20 (100 mL),
charcoal was added and the resulting solution was heated to reflux. Filtration
and concentration gave a material which was recrystalized from
Et20/petrolium ether in hexane (100 mL) to afford the 2-bromo-6-
methylbenzoic acid (3.5 g, 49%, HR MS: Obs. mass, 213.9633. Calcd. mass,

20 213.9629, M+) as a crystalline light pink solid; mp 104-106 °C.

Example 104. Preparation of 2-ethyl-6-methylbenzoic acid.

COoH
CH3CN, Ho0, NEt3, 83 °C, 15 h

CgHy4! CyoH1202
Mol. Wt.: 246.09 Mol. Wt.: 164.20

A 250 mL pressure bottle was charged with 2-ethyl-6-methyliodobenzene
(80.07 mmol, 7.4 g), PA(OAc)2 (1.43 mmol, 334 mg) and dppp (1.43 mmol, 620
25 mg). The flask was closed with a septum and evacuated three times with
argon. Then, acetonitrile (96 mL), triethylamine (189 mmol, 19.0 g, 26.25 mL)
and water (19.1 mL) were added successively by the aid of syringe. Then, the
rubber septum was replaced with teflon lined cap connected to a carbon



the foll ow ng conmpounds were prepared from 4-am no- N-(2-chl or o- 6-
met hyl benapgloyadziphenyl al ani ne nethyl ester and the approprRGIVEPSBHEI3S10

protected am no acids. H [err] Cuprpgs bromi de was prepared by
heating a deep purple solution of [err] (33 nmol, 8.25 g) and NaBr (66

|, 6.75 0 '
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2-ami no- 6- ngi{ud HeN HRaG %r%qul{;&ﬁrmbstér&a £dr'6 hAhrdndU0Thai @idholBr (11.5
m.). This wasfol owed I on_of NaNO2 (99

téltl}ﬁ_ wi se_addj.tion of a solyt
ol , 6. 85 FPHOKLIY BFasPure aslk wog then disconmeriod ATy the A over a
7L o, Akt i st .6 0LTSD 1
Foom t emper BAERIRIRQE pEned Biack T T AR g wanetimed ar anpken B hratingg
ice (~500 gtemﬁ%a‘ﬂa&i ’El@émthh@rremommiﬁmnmtrah cpdled 4o wasrny wanpedcitaneahle
resul ting d%g pzs'éjsssﬁ ok re asse];l! 'H’xg rrggul Pr{gox%%’xhtu%g lv{'ésedllgped with ether (200
mL) and 1.0N NaOH (20 mL). The formed acid was extracted into water (2 x
10 100 mL). The combined water extracts were neutralized with 1.0N HCl and
the acid was extracted into dichloromethane (3 x 100 mL). The combined
dichloromethane extracts were washed with brine solution and dried over
MgSOy. Filtration of the drying agent and removal of solvent under vacuum
gave 3.58 g (72.5%) of a viscous brown oil which slowly solidfied overnight. HR
15 MS: Obs. mass, 164.0833. Calcd. mass, 164.0837 (M-+). '

Example 105. Preparation of 2-Chloro-6-acetylbenzoic acid.
a). Preparation of 1-acetyl-3-chloro-2-[[(trifluoromethyl)sulfonyljoxylbenzene.

To a solution of 1-acetyl-6-chlorophenol (2.9 mmol, 0.5 g) in dichloromethane
(33 mL) was added 4-(N,N-dimethylamino)pyridine (6.54 mmol, 0.8 g) at -70
20 °C followed by triflic anhydride (4.33 mmol, 1.22 g, 0.73 mL) at -70 °C. After
addition, the suspension was stirred for 30 min at this temperature and then
warmed to room temperature and stirred for another 3hr, at which time TLC
of the reaction mixture indicated the absence of starting material. The
mixture was diluted with H20 (50 mL) and the two layers were separated. The
25 aqueous layer was extracted with dichloromethane (50 mL). The combined
dichloromethane extracts were washed with brine solution and were dried
over MgSOq. Filtration of the drying agent and removal of solvent under
vacuum gave an yellow oil which was purified by silica gel column
chromatography to obtain 0.76 g (86%) of a colorless oil. HR MS: Obs. mass,
30 301.9617. Calcd. mass, 301.9627 (M+).

b). Preparation of 1-acetyl-3-chlorobenzoic acid.

A 100 mL pressure bottle was charged with 1-acetyl-3-chloro-2-

[[(trifluoromethyl)sulfonyljoxylbenzene (2.41 mmol, 0.73 g), Pd(OAc): (0.2

mmol, 47 mg) and dppp (0.2 mmol, 87 mg). Then, the flask was closed with a
35 septum and evacuated three times with argon. Then, acetonitrile (96 mL),



yellow filtrate was acidified with conc. HO to pH 1. Extractive work-up

(Et20, 15 Zo%oka$h2l) gave a dark residue which was di ssol \weU/ERSES120 (100
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water (2 x 100 mL). The combined water extracts were neutralized with 1.0N
HCI and again the acid was extracted into dichloromethane (3 x 100 mL). The
combined dichloromethane extracts were washed with brine solution and dried
over MgSOy. Filtration of the drying agent and removal of solvent under

15 vacuum gave a crude residue which was recrystallized from dichloromethane

(~10 mL) and hexane (~8 mL) and storage in the refrigerator overnight. The
precipitated solid was collected by filtration and dried under high vacuum to
afford 330 mg (69%) of a colorless solid: mp 128-129 °C. HR MS: Obs. mass,
198.0090. Calcd. mass, 198.0084 (M+).

20 Example 106. Preparation of 2-iso-propyl-6-methylbenzoic acid.
a). Preparation of 2-(1-methylethyl)-6-methyliodobenzene

To a suspension of 2-(1-methylethyl)-6-methylaniline (15.57 mmol, 14.9 g), in
conc. HCL (50 mL) and 30 g of ice, was added dropwise a solution of NaNO2
(110 mmol, 8 g) in H20 (35 mL) at -5 °C to 5 °C for 30 min. After addition, the

25 red colored solution was stirred for another 30 min. Then, a solution of KI (200
mmol, 33.2 g) in H20 (50 mL) was added dropwise over 20 min at 0-5 °C. After
the addition, the mixture was allowed to warm to room temperature during
which time, an exothermic reaction with gas evolution occurred. The resulting
red colored solution was stirred for 18 h. Then, the mixture was extracted with

30 ethyl acetate (8 x 100 mL). The combined extracts were washed with sodium
thiosulfate solution ( 200 mL), brine solution and dried over MgSOy4. Filtration
of the drying agent and concentration of the solvent under vacuum gave a
colored compound which was purified by a silica gel column chromatography
to obtain pure 2-(1-methylethyl)-6-methyliodobenzene (17.8 g, 68%) of an

35 yellow oil. HR MS: Obs. mass, 260.0063. Calcd. mass, 260.0062 (M+).

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



5 nonoxide cylinder and imrersed in a preheated oil bath (83-85 'C). The
reacti on mwoawedturned black in 1 hr and was stirred for aR6FAEPS/Y’ 3’?1r at
this tenperature. Then, the reaction m xt@ye was cooled to roomtenperature
and t he pressure was reI eased. The resulting m xture was diluted with ether
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15 and 1.0N NaOH (10 mL). The acid was extracted into water (2 x 100 mL) The
combined water extracts were neutralized with 1.0N HCl and the acid was
extracted into ethyl acetate (2 x 100 mL). The combined organic extracts were
washed with brine solution and dried over MgSQys. Filtration of the drying
agent and removal of solvent under vacuum gave 2.8 g (62%) of a viscous

20 yellow oil. HR MS: Obs. mass, 178.0996. Calcd. mass, 178.0994 (M+).

Exmaple 107. N-(2-chloro-6-methylbenzoyl)-4-[(2,4-dimethyl-3-
pyridinyl)carbonyl]amino}-L-phenylalanine.

a. Preparation of [[(2,4-dimethyl-3-pyridyl)carbonyl]lamino]-L-phenylalanine
methyl ester hydrochloride.

25 To a solution of 4-amino-N-[(1,1-dimethylethoxyl)carbonyl]-L-phenylalanine
methyl ester (1.4 g, 4.8 mmol) in DMF (12 mL) were added 2,4-dimethyl-3-
pyridinecarboxylic acid hydrocloride (919 mg, 4.9 mmol), HBTU (1900 mg, 5
mmol) and diisopropylethylamine (2.7 mL, 15 mmol) at room temperature.
The mixture was stirred for 15 hr and was diluted with 10 mL of ethyl acetate

30 and 10 mL of water. The layers were separated and the aqueous layer was
extracted with ethyl acetate (2 x 20 mL). The combined extracts were washed
with brine and dried over anhydrous magnesium sulfate. Filtration and
concentration of the solvent gave a crude product which was purified on silica
gel eltuing with ethyl acetate:hexane (2:1 to 4:1) to give of 4-[(2,4-dimethyl-3-

35 . pyridyl)carbonyl)amino]-N-[(1,1-dimethylethoxyl)carbonyl]-L-phenylalanine
methyl ester (226 mg). This compound (220 mg) was treated with 6 mL of 4 N
hydrochloric acid in dioxane at room temperature. After 5 minutes, the solid



vacuum gave an yellow oil which was purified by silica gel colum

chr omat ogr apbyosezipbtain 0. 76 g (86% of a colorless oil. HRCEBPISAMIS nass,
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syringe. Then, the ruybber t.um was replaced w teflon lined cap
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process was repeated three tines and finally the m xture was stirred for 5

T A ek, LSS S eSSt et fganect o
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water (2 x 100DMF (0 5oLl wresi stianeddbdyr atatooar temperatune dheanixtude wash 1. ON
10 diluted with ethyl acetate (10 mL) and was washed with 0.5 N HC1 (2 x 8 mL),
sat. sodium bicarbonate (2 x 8 mL) and brine (2 x 8 mL) and was dried
(Na2804). The solution was filtered and concentrated to a yellow gum which
was hydrolyzed by treatment with 1N NaOH (0.5 mL) in MeOH (3 mL).at rt
for 4 hrs. The reaction mixture was then acidified with acetic acid and
15 purified by HPLC using conditions described in Example 76-77 to give a white
solid (23.8 mg). MS (M+H): 466 (1 C).

Example 108. N-(2-Bromo-5-methoxybenzoyl)-4-{(2,4-dimethyl-3-
pyridinyl)carbonyllamino]-L-phenylalanine was prepared from 4-[(2,4-
dimethyl-3-pyridyl)carbonyllamino]-L-phenylalanine methyl ester

20 hydrochloride and 2-bromo-5-methoxybenzoic acid using the general method
described in example 107. MS (M+H) 526 (1Br).

Example 109. Preparation of 4-[[(2-chloro-5-cyanophenyl)carbonyl]amino]-L-
phenylalanine methyl ester

a). Preparation of 4-[(2-chloro-5-bromophenylcarbonyl)amino}-N-{(1,1-
25 dimethylethoxy)carbonyl]l-L-phenylalanine methyl ester.

To a mixture of 4-amino-N-[(1,1-dimethyethoxy)carbonyl}-L-phenylalanine
methyl ester (20 mmol, 5.88 g), 2-chloro-5-bromobenzoic acid (22 mmol, 5.18 g)
and HBTU (22 mmol, 8.34 g) in DMF (70 mL) was added
diisopropylethylamine (50 mmol, 8.7 mL) at room temperature. The

30 suspension was stirred for 48 hr at which time TLC analysis of the mixture
indicated the absence of starting material. The mixture was diluted with
water (100 mL) and the solids were collected by filtration and washed with
water (150 mL). After air drying, the crude product was purified by silica gel
column chromatography to obtain 1.02 g (10%) of a white solid: mp 158-161

35 °C. HR MS: Obs. mass, 533.0442. Calcd. mass, 533.0455 (M+Na).



HC and again the acid was extracted into dichloromethane (3 x 100 nL). The
conbi ned di wIaenoIdt hane extracts were washed with brine sol REFBRPBORHSIr i ed
over MgSO4. Filtration of the drying agent7gand renoval of solvent under 15
vacuum gave a crude residue which was recrystallized from dichl oronmet hane
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white solid: mp 185-187 °C. HR MS: Obs. mass, 480.1301. Calcd. mass,
15 480.1302 (M+Na).

¢). Preparation of 4-[(2-chloro-5-cyanophenylcarbonyl)amino}-L-phenylalanine
methyl ester TFA salt.

To a solution of 4-[(2-chloro-5-cyanophenylcarbonyl)amino)-N-[(1,1-
dimethylethoxy)carbonyl]-L-phenylalanine methyl ester (1.2 mmol, 0.55 g) in

20 dichloromethane (12 mL) was added trifluoroacetic acid (3 mL) at room
temperature, The reaction mixture was stirred for 15 hr at room temperature
at which time TLC analysis of the mixture indicated the absence of starting
material. The solvent was removed under vacuum and the residue was
azeotrophed with toluene (2 x 10 mL) and dried under high vacuum to afford

25 0.43 g (100%) of an yellow solid. HR MS: Obs. mass, 358.0963. Calcd. mass,
358.0959 (M+H).

Example 110. Preparation of 4-[[(2-chloro-5-cyanophenyl)carbonyl)amino)-N-
[1-(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine.

a) Preparation of 4-[(2-chloro-5-cyanophenylecarbonyl)amino]-N-[1-(2-chloro-
30 6-methylphenyl)carbonyl]-L-phenylalanine methyl ester.

Using the procedure described in example 3, 4-[(2-chloro-5-
cyanophenylcarbonyl)amino}-N-[1-(2-chloro-6-methylphenyl)carbonyll-L-
phenylalanine methyl ester was prepared in 61% overall yield as a white solid.
HR MS: Obs. mass, 510.1003. Caled. mass, 510.0988, M+H.
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aqueous layer was acidified with 1N HCl and the precipitated white solid was

collected by filtration and was washed with 20 mL of water and 20 mL of
hexane. After air-drying, the crude product was dissolved in ethyl acetate-
hexane and stored in the refrigerator overnight. Only traces solid was formed

15 and the solvent was decanted and removed under vacuum to give 55 mg (76%)
of as a white solid. HR MS: Obs. mass, 496.0850. Calcd. mass, 496.0831
(M+H),

Example 111. Preparation of 4-[(2-chloro-6-methylphenylcarbonyl)amino}-N-
{(1,1-dimethylethoxy)carbonyl]-L-phenylalanine methyl ester.

al
HoN
2 H
N.
o DIPEA, CH,Cly
- 0

OMe *
BocHN © Cl rt,16h ou
e
o) CgHsClhO BocHN
C15|"‘|22N204 Mol. Wt.: 189.04 6]
Mol. Wt.: 294.35 Co3H27CINO5
Mol. Wt.: 446,92

20

Using the procedure described in example 1, 4-[(2-chloro-6-
methylphenylcarbonyl)amino]-N-[(1,1-dimethylethoxy)carbonyl]-L-
phenylalanine methyl ester was prepared from 4-amino-N-{(1,1-
dimethylethoxy)carbonyl]-L-phenylalanine methyl ester and 2-chloro-6-

25 methylbenzoyl chloride in 83% overall yield as a white solid, mp 154-157 °C.
HR MS: Obs. mass, 469.1513. Caled. mass, 469.1507 (M+Na).

Example 112. Preparation of 4-[(2-chloro-6-methylphenylcarbonyl)amino]-L-
phenylalanine methyl ester hydrochloride salt
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10 Example 114. N-{1-(2-Chloro-6-methylphenyl)carbonyl]-4-[{(2,6-
difluorophenyl)carbonyllaminol-L-phenylalanine was prepared from 4-amino-
N-{(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine methyl ester and 2,6-
difluorobenzoic acid using the procedures described in examples 109 and 13.
HR MS Obs. mass 473.1094. Calcd. mass 473.1079 (M+H).

15 Example 115. N-[1-(2-Chloro-6-methylphenyl)carbonyl]-4-{[(2,3,4,5,6-
pentafluorophenyl)carbonyllamino}- L-phenylalanine was prepared from 4-
amino-N-[(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine methyl ester
and pentafluorobenzoic acid using the procedure described in examples 109
and 13. HR MS Obs. mass, 527.0798. Calcd. mass 527.0797 (M+H).

20 Example 116. Preparation of (Z)-3-[4-[[(1,1-Dimethylethoxy)carbonyl]lamino]-3-
methylphenyl]-2-[[(phenylmethoxy)carbonyl]amino}-2-propenoic acid methyl
ester.

a. Preparation of 4-[[(1,1-Dimethylethoxy)carbonyljamino]-3-methylbenzyl
alcohol. A solution of 3-methyl-4-nitrobenzyl alcohol (7.0 g, 42 mmol) in ethyl
25 acetate (175 mL) and Boc anhydride (9.1 g, 42.7 mmol) was hydrogenated over
10% palladium on carbon (0.33 g) for 2 hr. The reaction mixture was filtered
and the filtrate was concentrated. The residue was recrystallized from ether-
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c. Preparation of (Z)-3- [4—-[[(1,1—Dimethy1ethoxy)carbonyl] amino)-3-
methylphenyl]-2-[[(phenylmethoxy)carbonyljamino]-2-propenoic acid methyl
ester.

15 A solution of N-[(phenylmethoxy)carbonyl]-2-phosphonoglycine trimethyl ester
(11.9 g, 36 mmol) in dichloromethane (60 mL) was treated with
tetramethlguanidine (4.5 mL, 36 mmol). After 1 hr, the mixture was cooled to
an internal temperature of -30 °C and was treated with a solution of 4-[{(1,1-
dimethylethoxy)carbonyl)amino}-3-methylbenzaldehyde (7.02 g, 29.8 mmol) in

20 dichloromethane (25 mL) at such a rate that there was no temperature rise.
The reaction mixture was stirred at -30 °C for 30 min and was allowed to
warm to room temperature over night. The mixture was diluted with ether
(150 mL) and was washed successively with 0.5 N Hel (2 x 50 mL) and Sat.
NaHCO3 (1 x 50 mL) and was dried over MgSO4. The solution was

25 concentrated and the residue was purified by chromatography on a Biotage
Kilo Prep HPLC using a silica gel carttridge and eluting with ethyl
acetate:hexane (1:2). Fractions containing the Z-isomer were combined and
concentrated, finally under high vacuum to give as a colorless glass (11.48 g,
86%). Anal. (C24H28N206 ): Caled. C, 65.44; H, 6.41; N, 6.36. Fd. C, 64.81; H,

30 6.43; N, 6.04. HR MS: Obs. mass, 440.1933. Calcd. mass, 440.1947 (M+H).

Example 117. Preparation of 4-[[(1,1-dimethylethoxy)carbonyl]amino]-3-
methyl-N-{[(phenylmethoxy)carbonyl]-L-phenylalanine methyl ester.

A solution of (Z)- 3-[4-[[(1,1-dimethylethoxy)carbonyllamino]-3-methylphenyl]-
2-[[(phenylmethoxy)carbonyllamino]-2-propenoic acid methyl ester (10 g, 22.7
85 mmol) from Ex. 116 in methanol (50 mL) and THF (20 mL) was placed in a
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suspensi @9 Example 118. Preparation of 4-[[(1,1-dimethylethoxy)carbonyl]amino}-3-
methyl-N-[[(2-chloro-6-methylphenylcarbonyl]-L-phenylalanine methyl ester.

a. A solution of 4-[[(1,1-dimethylethoxy)carbonyl]amino}-3-methyl-N-
[[(phenylmethoxy)carbonyl]-L-phenylalanine methyl ester (3.0 g, 6.8 mmol) in
ethanol (40 mL) and cyclohexene (14 mL, 140 mmol) was treated with 10%

15 palladium on carbon (1.5 g) and the mixture was heated to reflux for 20 min
and allowed to cool. The mixture was filtered through a pad of celite washing
with ethanol and the filtrate was concentrated to give 4-[[(1,1-dimethylethoxy)
carbonyllamino]-3-methyl-L-phenylalanine methyl ester (2.24 g) as a light
yellow oil. HR MS (C16H24N204): Obs. Mass 309.1819. Calcd. Mass 309.1815

20 (M+H).

b. A solution of 4-{[(1,1-dimethylethoxy)carbonyllamino]-3-methyl-L-
phenylalanine methyl ester (1.0 g, 3.24 mmol) and 2-chloro-6-methylbenzoic
acid (0.66 g, 3.86 mmol) in DMF (8 mL) was treated with HBTU (1.72 g, 4.53
mimol) and DIPEA (83 mL) 17 mmol) and the mixture was stirred over night.

25 The solution was concentrated. The residue was dissolved in ethyl acetate (30
ml) and was washed with sat. NaHCO3 (10 mL), 0.1 N HCl (10 mL), and
brine (10 mL) and was dried over Mg2S04. The residue obtained after
filtration and evaporation was purified by silica gel chromatography on 140 ¢
of silica gel, eluting with 1:9 ethyl acetate:dichloromethane to give 1.16 g

80 (78%) of a gum. HR MS (C24H29N205Cl): Obs. Mass 461.1858. Calcd. Mass
461.1844 (M+H).

Example 119. Preparation of 4-amino-3-methyl-N-[[(2-chloro-6-
methylphenyl)carbonyl]-L-phenylalanine methyl ester hydrochloride salt.

4-{[(1,1-Dimethylethoxy)carbonyl}amino}-3-methyl-N-[[(2-chloro-6-
85 methylphenyl)carbonyl]-L-phenylalanine methyl ester (1.1 g, 2.17 mmol) from
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concentrated. The residue was dissolved in dxchloromethane (15 mL) and was

washed with 5 mL portions of 0.5 N NaCO3, 0.5 N HCI and saturated brine

and was dried MgS04). The residue obtained after filtration and

15 concentration was purified by chromatography on 25 g of silica gel, eluting
with 7:3 ethyl acetate:hexane to give 47 mg of a colorless glass. HR MS: Obs.
Mass 509.1849. Caled. Mass 509.1844 (M+H).

b. A solution of N-{1-(2-chloro-6-methylphenyl)carbonyl}-4-[[3-(3-
hydroxyphenyl))-1-oxopropyllamino]-3-methyl-L-phenylalanine methyl ester
20 (45 mg, 0.088 mmol) in THF (30 mL) was treated with solution of LIOH*H20
(20 mg, 0.47 mmol) in water (1.0 mL). Methanol (0.5 mL) was added for
solubility and the mixture was stirred at room temperature for 18 hr. The
mixture was acidified with 0.5 mL of acetic acid and was purified directly by
RP-HPLC (5-95-35-214) to give, after lyopylization 34.3 mg of a white powder.
25 HR MS (C27H27N205Cl): Obs. Mass 495.1697. Calcd. Mass 495.1687 (M+H).

Example 121. N-{1-(2-Chloro-6-methylphenyl)carbonyl]-4-([2-(3-
hydroxyphenyl))-1-oxoethyllamino]-8-methyl-L-phenylalanine was prepared
using the general procedure described in example 120 from 4-amino-3-methyl-
N-[[(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine methyl ester (79.5

30 mg) and 2-(3-hydroxyphenyl)acetic acid (30 mg 0.2 mmol) to give 23 mg of a
colorless glass. HR MS (C26H25N205C1): Obs. Mass 481.1527, Calcd. Mass
481.1530 (M+H).

Example 122. N-[1-(2-Chloro-6-methylphenyl)carbonyl]-4-[{2-(3-nitrophenyl))-
1-oxoethyl]amino]-8-methyl-L-phenylalanine was prepared from 4-amino-3-
35 methyl-N-[{(2-chlore-6-methylphenyl)carbonyl]-L-phenylalanine methyl ester
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was forne@d Example 124. Preparation of N-[(4-amino-2-chlorophenyl)carbonyl]-4-[[(2,6-

dichlorophenyl)carbonyljamino} -L-phenylalanine

a. A solution of 4-amino-2-chlorobenzoic acid (43 mg, 0.25 mmol) and 4-[(2,6-
dichlorophenyl)carbonyllamino}-L-phenylalanine methyl ester hydrochloride
(100 mg, 0.25 mmol) and HBTU (100 mg, 0.27 mmol) in DMF (3 mL) was

15 treated with DIPEA (0.20 mL) and the mixture was stirred 2 hr at room
temperature. The mixture was diluted with water and was extracted with
ethyl acetate. The organic layer was washed with saturated NaHCO3 and
dried (MgSO04). The residue after filtration and concentration was
chromatographed on 16 g of silica gel eluting with 4:1 ethyl acetate:hexane to

20 give N-[(4-amino-2-chlorophenyl)carbonyl]-4-[[(2,6-dichlorophenyl)carbonyl]
amino] -L-phenylalanine methyl ester (66 mg, 51%) of a white foam. HR MS
(C24H20C13N304): Obs. Mass 520.0589. Calcd. Mass 520.0597 (M+H).

b. A solution of N-[(4-amino-2-chlorophenyl)carbonyll-4-[[(2,6-
dichlorophenyl)carbonyl)amino]-L-phenylalanine methyl ester (66 mg, 0.126
25 mmol) in THF (3mL) was treated with a solution of LiOH*H20 (20 mg, 0.48
mmol) in water (0.5 mL) and the mixture was stirred over night at room
temperature. Acetic acid (0.5 mL) was added and the mixture was purified
directly by RP-HPLC (5-95-35-214) to give 40 mg of a white solid. HRMS:
(C23H18CI3N304): Obs. Mass 506.0461. Caled. Mass 506.0441 (M+H)

30 Example 125. Preparation of 4-(4-cyano-1,3-dioxo-2H-isoindol-2-y1)-N-[1-(2-
chloro-6-methylphenyl)carbonyl]-L-phenylalanine

a) Preparation of 4-(4-cyano-1,3-dioxo-2H-isoindol-2-y1)-N-{1-(2-chloro-6-
methylphenyl)carbonyl]-L-phenylalanine methyl ester
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was prepared in 99% overall yield fromthe product of Ex. 111 as a white
solid:. HR Ms: (bs. nmass, 347.1165. Calcd. mass, 347.1162 (MtH).

Using the procedure described in example 3, 4-(4-cyano-1,3-dioxo-2H-isoindol-
2-y1)-N-[1-(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine methyl ester
was prepared in 63% overall yield as a white solid: mp 200-202 °C. HR MS:

5 Obs. mass, 502.1173. Calcd. mass, 502.1169, M+H.

b) Preparation of 4-(4-cyano-1,3-dioxo-2H-isoindol-2-y1)-N-[1-(2-chloro-6- -
methylphenyl)carbonyl}-L-phenylalanine.

Using the procedure described in example 110, 4-(4-cyano-1,3-dioxo-2H-
isoindol-2-y1)-N-[1-(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine was

10 prepared in 26% overall yield as a white solid: mp 170-175 °C. HR MS: Obs.
mass, 488.1004. Caled. mass, 488.1013, M+H.

Example 126. Synthesis of N-(2-chloro-6-methylbenzoyl)-4-{(2,6-
dichlorophenyl)carbonyljamino}-L-phenylalanine ethyl ester

To a solution of sodium salt of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-

15 dichlorophenyl)carbonyl]lamino]-L-phenylalanine (1.583 g, 3.0 mmol) in DMF
(75 mL) was added excess iodoethane (3.27 g, 21 mmol) at room temperature.
The resulting solution was stirred for 24 hr. TLC analysis of the mixture
indicated the absence of staring material and the excess iodoethane and some
DMF was removed on a rotary evaporator under vaccum. The residue was

20 diluted with 100 mL of ethyl acetate and was washed successively with water
(2 x 100 mL), brine solution (100 mL) and dried over MgSOQs. Filtration of the
drying agent and removal of the solvent afforded a white solid which was
purified by silica gel column chromatography eluting with ethyl
acetatethexane (1:1) to obtain 1.4 g (87%) of ethyl ester as a white solid, mp

25 230-235 °C. HR MS: Obs. mass, 533.0817. Calcd. mass, 533.0801 (M+H).

Example 127. Syntheis of N-(2-chloro-6-methylbenzoyl)-4-((2,6-
dichlorophenyl)carbonyl]amino}-L-phenylalanine ethyl ester
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d t
residue was Eze,(é ot -metgylberngggfﬁ 4- [9(2 6-dichlorophenyl)carbonyl]amino]-L-

phenylalanine ethyl ester as a white solid, mp 230-235 °C.

15 Example 128, Synthesis of of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyl]amino)-L-phenylalanine 2-morpholinoethyl ester.

To a solution of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyllamino]-L-phenylalanine (0.505 g, 1.0 mmol) and 2-(4-
morpholino)ethanol (0.262 g, 2.0 mmol) in THF (13 mL) was added

20 dicyclohexylcarbodimide (0.309 g, 1.5 mmol) and 4-dimethylaminopyridine (61
mg, 0.5 mmol) at room temperature. The resulting cloudy solution was stirred
for 4 h at which time TLC analysis of the reaction mixture indicated the
absence of acid. Then, the mixture was diluted with water (50 mL) and
extracted with ethyl acetate (3 x 50 mL). The combined extracts were washed

25 with water (2 x 100 mL) and brine solution (100 mL) and were dried over
MgSOyq. Filtration of the drying agent and removal of the solvent gave a white
solid which was purified by silica gel column chromatography using
dichloromethane:methanol (15:1) as eluent to obtain 0.428 g (69%) of N-(2-
chloro-6-methylbenzoyl)-4-[(2,6-dichlorophenyl)carbonyl}amino)-L-

30 phenylalanine 2-(4-morpholino)ethyl ester as a white solid, mp 109-118 °C.
HR MS: Obs. mass, 618.1311. Caled. mass, 618.1329 (M+H).

Example 129. Synthesis of of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyllamino]-L-phenylalanine 2-(4-morpholino)ethyl ester.



- 82 - hexane to give a white crystalline solid (6.73 g, (68 73-7
[err] C. wWo#9/103Rerr]). C, 65.80; H, 8.07; N, 5.90. Fd. Cs’ ’@7’28"%357 80;

N, 5.80. b. Preparation of 4-[[(1, 1-Di n88hy| et hoxy) car bonyl ] am nol -
met hyl benzal dehyde. A sol ution of

4 [[(1 1 dj y| et hoxy) carbonyl Jam nol -3- 5 neth edfdyl al cohol (7.2 g,
dirchl or onet hane (60 nL) was treated h mManganese di oxi de (4
x 7 g) at N vals and the m xture was stine FOgm t enper at ure
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for 18 hr. hegm @
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recrystallized fromg
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5.95. Fd. C, 66. ¥4

[[ (1, 1- Di et hyl el ) car bony! ) alpPin@H1
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ester. 15 A scﬁzuHinﬁNz@i N- [ (phenyl net hoxy) car bonyl | - 2- phd?za é‘gp ci ne
trimethyl est&ol.M415%7§, 36 mmmol) in dichloronethane (60 Y8898 eat ed
wi th tetranethl guanidine (4.5 m_ 36 mol ). After 1 hr, the m'xture was

cool e on Lk il GRSt b g i e Qo vas treated witha
(7.02 g, dAtcHorophenyl)tarbonyl]lamino]-L-phenylalanine (0.253 g, 0.5 mmol) and 2-(4-
morpholino)ethanol (0.131 g, 1.0 mmol) in THF (56 mL) was added di-
5 1isopropylcarbodimide (94.6 mg, 0.75 mmol) and 4-dimethylaminopyridine
(80.5 mg, 0.25 mmol) at room temperature. The resulting mixture was stirred
for 15 h at room temperature at which time TLC analysis of the reaction
mixture indicated the absence of acid. Then, the mixture was diluted with
water (50 mL) and the THF was removed under vaccum and the residue was
10 extracted with dichloromethane (3 x 25 mL). The combined extracts were
washed with water (2 x 50 mL), brine solution (50 mL) and dried over MgSOs.
Filtration of the drying agent and concentration of the solvent gave a white
solid which was purified by silica gel column chromatography using
dichloromethane and ethyl acetate (5:1 to 1:1) and pure ethyl acetate as eluent
15 to obtain 0.2 g (656%) of a white solid, mp 109-118 °C.
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Example 130-132. Using the procedure described in Example 129, the
following ester derivatives were prepared.

Example | Structure Yield } HRMS Cale | HRMS
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20 di chl oronmet hane (25 nlL) at such a rate that there was no tenperature
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Example 133. Synthesis of N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyllamino]-L-phenylalanine 1-methyl-2-(4-
morpholino)ethyl ester was prepared in 32% yield according to the procedure
described in Example 129. HRMS Calcd: 632.1484. Obs: 632.1486 (M+H).

Example 134. N-(2-Chloro-6-methylbenzoyl)-4-{(2,6-
dichlorophenyljcarbonyl]lamino}-L-phenylalanine 1-methylethyl ester was
prepared in 60% yield by the procedure described in Example 127. HRMS m/z
Caled, 569.0778. Obs, 569.0774 (M+Na).

Example 135. N-(2-Chloro-6-methylbenzoyl)-4-{(2,6-
dichlorophenyl)carbonyllamino]-L-phenylalanine 2-methylpropyl ester was
prepared by the method described in Example 127. HRMS m/z Calcd,

561.1114. Obs, 561.1125 (M+H).

Example 136. N-(2-Chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyl]lamino}-L-phenylalanine 1-methyl-4-piperidinyl ester
was prepared in 65% by the method described in Example 128. HR MS
C30H30C13N304): Obs, 602.1386.Calcd: 602.1380 (M+H).

Example 137. N-(2-Chloro-6-methylbenzoyl)-4-[(2,6-dichlorophenyl)carbonyl]




pressurized to 50 psi with hydrogen 3 tines and the m xture was stirred
over 5 ni gkto ewiosrzom t enperature under 50 psi of hydrogen. PRE/EPPEEHEF e was
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To a solution of N-(2-ch1oro-6—methy1benzoyl)-4-[(2,6—dichlorophenyl)cafbonyl]
amino]-L-phenylalanine 2-[4-[(1,1-dimethylethoxy)carbonyl]-1-

15 piperazinyllethyl ester (1.0 mmol, 0.72 g) in dioxane (4 mL) was added a
solution of HCl in dioxane (3.0 mmol, 0.75 mL, 4N) at room temperature. The
resulting solution was stirred for 2 h at room temperature at which time TLC
analysis of the reaction mixture indicated the absence of starting material.
Then, the dioxane was removed under vacuum and the solid was triturated

20 with ether (15 mL). The ether was decanted and the solid was dried under
high vacuum to obtain 0.68 g (90%) as a white solid. HR MS
(C30H31CI3N404): Obs. mass, 617.1464, Calcd. mass, 617.1489 (M+H).

Example 140. Preparation N-(2-chloro-6-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyllamino]-L-phenylalanine 2-(4-methyl-1-
25 piperazinyl)ethyl ester

To a suspension of N-(2-Chloro-8-methylbenzoyl)-4-[(2,6-
dichlorophenyl)carbonyllamino]-L-phenylalanine 2-(1-piperazinyl)ethyl ester
dihydrochloride (1.0 mmol, 0.617 g) from Ex. 139 and K2CO3 (8.0 mmol, 1.1 g)
in NMP (10 mL) was added methyl iodide (3.0 mmol, 0.43 g) at room

30 temperature. The resulting mixture was stirred for 48 h at room temperature
at which time TLC analysis of the reaction mixture indicated the absence of
starting material. Then, the mixture was diluted with water (100 mL) and the
precipitated solid was collected by filtration and dried under high vacuum.
This solid was purified by reverse phase HPLC to obtain 0.35 g (55%) of a



brine (10 nL) and was dried over My2SO4. The resi due obtained after
filtrati onwamgb/memporati on was purified by silica gel chroneRGHERSRHIEN 140
g of silica gel, eluting with 1.9 ethyl aggtate:dichloronethane to give
1.16 g 30 (78% of a gum HR M5 (C24H29N205Cl): Obs. Mass 461.1858. Cal cd.

Mass 461. 184shi{ddhid. ﬁR@MS @C&‘-ﬂﬁ%@[?ﬁﬂ@ ?I'@Bs Ohass, 631.9208. Calcd. mass,
4- am no- 3- net hyI l\l—(ﬁ\&%ﬁ | oro- 6- net hyl phenyl ) car bonyl T - L-phenyl al ani ne
Jde

met hyl est eP3R salt. 4-[[[ (I, 1-Di nethylethoxy)carbonyll am no]
-3-net hyl - N- [1(2 chl oro-6- 35 net hyl phenyl ) car bonyl | - L- phenyl al ani ne
met hyl ester (1.1 g, 2.17 nmmol) from - 84- Ex. 118 was treated with 4 N
HCO in dioxane (20 nm.) for 4 hr and vvas concentrat ed to dryness. The

residue was grit th e r d f 0.83 g, 96% as a
white solid. %ﬁ%ﬁ?ﬁfﬁ’?ﬁﬁﬁé ?fifl Rﬁ"iﬂé%fh%gﬁ Cal cd. Mass
361. 1320 § Mrh&thﬁpﬁea&yiﬁﬁarbdzﬁ@l]-@ndpa{l&phenyka‘lanme methyl ester
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pL, 0.69 nmo di chl or ongt hane ( was c % errl
t r eat ed room temperature. The suspesmn was stlrre for days at room emperature,

10 at which time TLC analysis of the mixture indicated the absence of starting
material, and the solid was filtered. The solution was concetrated and diluted
with ethyl acetate (30 mlL) and washed with water (20 mL), brine solution (20
mL) and dried over anhydrous magnesium sulfate. Filtration of the dr_';'zing
agent and removal of the solvent gave 99 mg (67%) of a light brown oil. LR MS

15 (C19H19CIN205): 390 (M+H).

Example 142. Preparation of 4-amino-N-methyl-N-[1-(2-chloro-6-
methylphenyl)carbonyl]-L-phenylalanine methyl ester.

To a mixture of N-methyl-N-{1-(2-chloro-6-methylphenyl)carbonyl]-4-nitro-L-
phenylalanine methyl ester (0.5 mmol, 192 mg) from Ex. 141, zinc dust (~325

20 mesh, 5.0 mmol, 0.33 g, 10 equiv.) and ammonium chloride (7.5 mmol, 0.4 g,
15 equiv.) was added methanol (4 mL) and water (2 mL) at room temperature.
After addition of water, the reaction was exothermic. The suspension was
stirred for 2 h at room temperature, at which time TLC analysis of the
mixture indicated the absence of starting material, and the reaction mixture

25 was filtered through the celite. The filter cake was washed with methanol (30
mL) and water (20 mL). The filtrate was concentrated to remove the methanol
and the residue was extracted with ethyl acetate (3 x 20 mL). The combined
extracts were washed with brine solution (30 mL) and dried over anhydrous
magnesium sulfate. Filtration of the drying agent and concentration of the

30 solvent afforded 148 mg (82%) of a yellow oil. LR MS (C19H21CIN203):
361(M+H).

Example 143. Preparation of 4-[(2,6-dichlorophenylcarbonyl)amino]-N-methyl-
N-[1-(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine methyl ester.



with BOP-C (51 ng, 0.20 mmol ). The m xture was stirred for 4 hr and was
concent r at gb 99ffv81¥ esi due was di ssol ved in dichl oronet hane ECI/BAY/CHAE was
washed with 5 nl portions of 0.5 N NaCO8,_g»5 N HO and saturated brine and
was dried (MgSO4). The residue obtained after filtration and 15
concentration was purified by chromatography on 25 g of.sitkjca gel, eluting
with 7:3 ethylyacatate: hexane to give 47 ng of a colo HR V5.
bs. Mass 509. 18 Cal cd. Mass 509. 1844 (MtH). b. A SalaN

N-[ 1- (2-chl oro- Qy| phenyl ) car®on@l ]-4-[[ 3- ( 3-
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LiOH err] H20 (2 0.A7 m’rﬁl) Zwaf er (1. Q¢ k). Methanol (Q.5 WL S
added for solu yand the mxture was stirred at room tenpesaitee Gor 18
hr. The mixtur acidified with 0.5 n_ of acetic acid and olfified
directly by RP- HPLCCl(S- 95-35-214) to give, after lyopylizati --/: ng of a

white powder. 25 HR M5 (C27H27N205C1): Obs. Mass 495.1697. Cal cd. Mass
495. 1687 (MtH). Exanple 121. N [1-(2-Chl oro-6-nethyl phenyl)carbonyl | -4-
[[2-(3- hydroxyphenyl))-1-oxoethyl]am no] - 3-net hyl - L- phenyl al ani ne was
prepared using the general procedure described in exanple 120 from

4- am no- 3-net hyl - N-[t(2-chl oro-6-net hyl phenyl ) carbonyl | - L- phenyl al ani ne
met hyl ester_(79.5 30 ng). and 2-(3-hydroxyphenyl)acetic acid (30 ng 0.2
mmol) to gi VU(SQIBE Hae progeduse deradked)imexampte lﬂ“@%ﬂ%‘i—&gi{@@%d ): Qbs. Mass

481. 1527@93%101‘\@)?%n %aﬂb'iﬁ%(}l](aMﬁHb]—bﬁ%ﬁﬂ@cﬁl&gig-methylhphenlm 1)carbonyl)-L-
N-[1-(2- 5 Oi)gég-fg;ni‘\gepwgg %rgﬁﬁ'ggquéé% Aéir:eLla%i gn%_lglatsragpax%%¥p2> s solid. LR MS
(C26H23C13N204) : 534 (M+H). ‘

Example 144. Preparation of 4-[(2,6-dichlorophenylcarbonyl)amino}-N-methyl-
N-{1-(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine

Using the procedure described in example 13, N-[1-(2-chloro-6-

10 methylphenyl)carbonyl]-N-methyl-4-{[(2,6-dichlorophenyl)carbonyllamino]-L-
phenylalanine was prepared from the product of Ex. 143 in 59% overall yield
as a white solid. HR MS: Obs. mass, 519.0631. Calcd. mass, 519.0645 (M+H).

Example 145. Preparation of 2-chloro-6-methylbenzoic acid.
a.Preparation of 2-chloro-6-methylbenzaldehyde.

15 A 500 mL, three-necked, round bottomed flask equipped with a magnetic
stirrer, thermometer, additional funnel, and argon inlet was charged with 75 g
(494 mmol) of 2-chloro-8-methylbenzonitrile and 400 mL of toluene (stored
over 4 A molecular sieves). The mixture was cooled to -2 °C (ice + acetone) and
a solution of DIBAL-H (593 mmol, 593 mL, 1.0N) in hexanes was added

20 dropwise over a period of 30 min while maintaining the temperature below 0
°C. After the addition, the reaction mixture was stirred for 1 h at 0 °C and
then allowed to warm to room temperature. After 2 h at room temperature,
TLC analysis indicated the absence of starting material (4:1 hexane:ether,
phosphomolybdic acid spray, as analysis by UV fluorescence was misleading).

25 The reaction mixture was poured into a ice (2000 g) and concentrated sulfuric
acid (50 mL) and was stirred for overnight. The precipitated solids were
collected by filtration and the filtrate was extracted with ether (2 X 200 mL).
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concentrati ORyd¥3dded followed by hydrogen peroxide (50 mL, 30%) at room temperature.
Then, a solution of sodium chlorite (73.5 g, 811 mmol, 1.76 eq.) in water (700
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

15 temperature at which time TLC analysis of the mixture indicated the absence
of aldehyde. Then, a solution of sodium bisulfite (73 g, 701 mmol, 1.562 eq.) in
water (200 mL) was added dropwise at 0 °C until the yellow color disappear
(KI-paper positive). Cooling is essential to control the exothermic reaction. The
solvent was removed under vacuum to afford a white solid. The solid was

20 collected by filtration and the filtrate was extracted with ether (200 mL). The
above solid also dissolved in this ether solution and was washed with 10%
NaOH solution (2 x 200 mL). The basic aqueous solution was neutralized with
10% HCI to pH ~1. The precipitated white solid was collected by filtration and
dried at air to afford 54.88 g (65%, overall in two steps) of 2-chloro-6-methyl

25 benzoic acid as a white solid.

Example 146. Preparation of 4-[(2,6-dichlorophenyl)carbonyl]amino]-L-
phenylalanine methyl ester.

a, Preparation of 4-nitro-N-[(1,1-dimethylethoxy)carbonyl]-L-phenylalanine
methyl ester.

30 To suspesion of 4-nitro-N-{(1,1-dimethylethoxy)carbonyl]-L-phenylalanine
(226.2 mmol, 70.2 g) and sodium carbonate (1.13 mol, 95 g) in DMF (500 mL)
was added methyl iodide (1.13 mmol, 70.4 mL) at room temperature. The
suspesion was stirred for 15 h at room temperature at this time TLC analysis
of the mixture indicated the absence of starting acid and the excess methyl

35 1iodide and some DMF were removed under high vacuum. The mixture was
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Z h|( 2 ro- 6- ”EEM)P@.QBYALBS&!‘IQQ!H)L 8.6 is, B%BBDBJ%L&HBWm,ﬂH}?ﬂg%(@BID)J 13§ NMR,
-(4-cyano- < = i S - 25 - = 2- rQ+06;

7ot hyl phenyi Fﬁ%@%@?ﬁ@? Aihd pﬁéﬁgﬂé, fEi) ﬁké%?%ﬂ( 145 130°48, 123.18, 7838 ne

procedure deddrddyéd.9,186ek2HP8. HR MS; Olosy anass] 326didddo Calted . sna ss) 325.1400

2-yl)-N [{0- ( %M‘:lji@oro- 6- met hyl phenyl ) car bonyl | - L- phenyl al ani ne met hyl ester

was prepared in63% overall yield as a white solid: np 200-202 [err]C. HR

MS: 5 Obs. mass, 502,1173. Calcd. mass, 502.1169, M+H. i
b. Preparation of 4-amino-N-{(1,1-dimethylethoxy)carbonyl]-L-phenylalanine

methyl ester

To a mixture of 4-nitro-N-[(1,1-dimethylethoxy)carbonyl]-L-phenylalanine
methyl ester (222 mmol, 72 g), zinc dust (~325 mesh, 2.2 mol, 145.2 g, 10

15 equiv.) and ammonium chloride (3.3 mol, 178.1 g, 15 equiv.) was added
methanol (1 L) and water (500 mL) at room temperature. After addition of
water, the reaction mixture was exothermic and the temperature raised to 45
to 50 °C. The suspension was stirred for 1 h at room temperature at which
time TLC analysis of the mixture indicated the absence of starting material

20 and the reaction mixture was filtered through the celite, washing the filtered
cake with methanol (1 L) and water (500 mL). Concentration to remove the
methanol and some water resulted in formation of a white solid which was
collected by filtration and washed with water. After air drying, 65.5 g (quant)
of a white solid, mp 86-89 °C was obtained. H NMR, DMSO-ds (400 MHz) §

25 6.9(d,2H, J =20 Hz), 6.62 (4, 2H, J = 20 Hz), 7.39 (d, 1H, J = 22 Hz), 4.26-
4.28 (m, 1H), 3.68 (s, 3H), 2.96-3.19 (m, 2H), 1.25 (s, 9H). HR MS: Obs. mass,
284.1614. Calcd. mass, 294.1621).

¢. Preparation of 4-[(2,6-dichlorophenylecarbonyl)amino}-N-[(1,1-
dimethylethoxy)carbonyl]-L-phenylalanine methyl ester.

30 To a solution of 4-amino-N-[(1,1-dimethylethoxy)carbonyl]l-L-phenylalanine
methyl ester (127.6 mmol, 37.57 g) and 2,6-dichlorobenzoyl chloride (140.6
mmol, 29.45 g) in dichloromethane (350 mL) was added diisopropylethylamine
(192 mmol, 33.4 mL) at room temperature. The brown solution was stirred for
15 h at room temperature to afford a white suspension. At this time, TLC

35 analysis of the mixture indicated the absence of starting material. The solids
were collected by filtration and were washed with dichloromethane (150 mL)



b) Preparation of 4-(4-cyano-1, 3-di oxo-2Hi soi ndol -2-yl) - N—[I -chl oro

met hyl phenyWQ®98ky| } - L- phenyl al anine. Using the procedure (‘J: @PF’B@&S
exanmpl e 110, 4-(4-cyano-1, 3-di oxo-2H -95 -

I soi ndol - 2-yl)-N-[1-(2-chl oro-6-net hyl phenyl ) carbonyl | -L- phenyl al ani ne was
10 preparedaghd afh Privdefordtain 6RA558 (88.44%) of aSehitd solid, ﬁhZ*D 148515%fC) I HR

of N (2 chi oRd 8@%%@?9@%@@%?9 S LA R D B USRS S
am no] - L- phepyllad 417 (ne, EHMY3 .68 $§,SHY @.20-280Utrh 02H 3 1.88 ds, 0 5 € MR,

0 chi or opheng AR ARAMERENA 249, 10057, 288,27, 436,99, 496,36, 13128, 13116,

(75 mL) was 22948, 428ck% 1100 btTRa2E §83.271.§6, 34.9nBBI7y. giR b&h@b&rﬂp@ﬁ&t ure
The resul ti ngeégjdélgl @gﬂéf@srpﬁgé r46%d1 &y M I_i; TLC anal ysis of the m xture

i ndi cat ed thé absence arr'ng ma er nd the excess iodoethane and
sone DMF was renoved on a rotar%)evaporator under vaccum The resi due was
1

20 diluted ¢ Prepmgrtian of 4dt5GiDighlargpkenyigavhonyhiasriag!-dopherydalanipeyi t h
water (2 X 19.;&51},) estor ARIrDEh IS s41400 L) and dried over MySOA.

Filtration of thé drying agent and renoval of the solvent afforded a V\/mte

cthyl acet at & hapanie gropheny eabanfiaming ol GrabRtbebyErt - T 1 o
sol id, nmuo25phddiadddhideiiedtby] EReMB2.O0InmthsE3.45 §3 i) dlokan@a(90dn Lirmess;,
ﬁﬁ?zoggﬂog &Q%%anﬁgm iiy {3 E\Zﬁ%érociﬂomc acid in dioxane at room temperature.
di chl or ophenyf}eral boimylthsnieciolids phentyingd aoliutoreany the stigture was stirred for
2 h. Some of the dioxane was removed under vacuum to afford a yellow syrup
and 250 mL of ethyl ether was added. A gum was formed which was dissolved
15 in THF (100 mL) and methanol (100 mL). The solvent was removed under
vacuum to obtain 43.7 g (100%) of the hydrochloride salt as a white solid. 'H
NMR, DMSO-d¢ (400 MHz) § 10.81 (s, 1H), 7.76 (d, 2H, J = 22 Hz), 7.58 (d, 2H,
Jd =18 Hz), 7.51 (t, 1H, J = 15 Hz), 7.24 (d, 2H, J = 22 Hz),4.23-4.26 (m, 1H),
3.56 (s, 3H), 3.14-3.17 (m, 2H). 133C NMR, CDCl3 (100 Mhz) d 169.03, 161.72,
20 137.56,136.11, 131.19, 130.95, 129.93, 129.79, 128.06, 119.46, 53.17, 52.6,
35.13. HR MS: Obs. mass, 367.0611. Calcd. mass, 367.0616 (M+).

Example 147. Preparation of 4-[[(2,6-dichlorophenyl)carbonyl]amino]-N-[(2-
chloro-6-methylbphenyl)carbonyl]-L-phenylalanine methyl ester.

To a solution of 4-[{(2,6-dichlorophenyl)carbonyl]amino]-L-phenylalanine

25 methyl ester hydrochloride salt (272.5 mmol, 110 g) from Ex. 146 and 2-chloro-
6-methyl benzoic acid (276 mmol, 47.15 g) in DMF (600 mL) were added
HBTU (276 mmol, 105 g) and diisopropylethylamine (1.24 mol, 119 mL) at
room temperature. The clear solution was stirred 48 h at room temperature at
which time TLC analysis of the reaction mixture indicated the absence of the

80 starting material. The reaction mixture was poured slowly into 5 L of water
which contained some ice to lower the temperature. The white precipitated
solid was allowed settle and the solid was collected by filtration. The solid
cake was washed with water (1 L) and hexane (1 L) and air dried to obtain 150
g of a crude product. This solid product was dissolved in hot acetonitrile (1 L)

35 and cooled in the refrigerator. The solid was collected by filtration and washed
with hexane (500 mL) and air dried to obtain 101.1 g. The mother liquor was



- 87 - To a suspension of N-(2-chloro-6-nethyl benzoyl)-4-[(2, 6-

di chl or ophsytybymardonyl ] ami no] - L- phenyl al anine (7.0 g, 13. 82CT/RRAY/0HAL
powder ed sodi um bi carbonate (5.88 g, 70 myg) in DVF (100 nlL) was added
excess of iodoethane (10.91 g, 70 nmmol) at roomtenperature. The resulting
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Ex. 147 in ethanol (350 mL) was added aqueous 1.0 N sodium hydroxide (250
mL) at room temperature. The mixture was heated to 40-45 °C and the
resulting clear solution was stirred for 3-4 h. Then, the mixture was cooled to

15 room temperature and the ethanol was removed on a rotary evaporator. The
residue was diluted with 100 mL of water. The neutral impurities was
extracted into ether (2 x 100 mL) and the basic aqueous layer was neutralized
with 1 N HCI. The precipitated solid was collected by filtration and the solid
cake was washed with water (1 L) and dried at air over weekend. The crude

20 solid was dissolved in hot acetontile (2 L) and the resulting solution was stored
in the refrigerator for 15 h. The white crystalline solids were collected by
filtration and washed with cold acetonitrile (100 mL). After air drying, 79.76 g
(95%) of a white solid, mp 212215 °C was obtained. *H NMR, DMSO-ds (400
MHz) 6 10.66 (s, 1H), 8.85 (4, 1H, J = 19 Hz), 7.47-7.6 (1, §H), 7.15-7.29 (m,

25 bH), 4.568-4.68 (m, 1H), 3.12 (dd, 1H, J = 17, 13 Hz), 2.87 (dd, 1H, J = 17, 11
Hz), 2.09 (s, 3H). HR MS: Obs. mass, 505.0483. Calcd. mass, 505.0488 (M+).

Example 149. Preparation of 2,6-Dimethyl-4-triflucromethyl-3-
pyridinecarboxylic acid.

A solution of 2,6-dimethyl-4-trifluoromethyl-3-pyridinecarboxylic acid ethyl

30 ester in 40 mL of THF and 10 mL of 1 N sodium hydroxide solution was
heated to reflux for 48 h. TLC of the mixture (3:7 methanol:dichloromethane)
indicated that starting material was consumed. The mixture was acidified
with acetic acid (5 mL) and evaporated to dryness. The residue was triturated
with THF and the solution was concentrated to give 0.7 g of material

85 containing some THF and acetic acid as indicated by NMR. This material was
combined with the product of a similar experiment and was chromatographed



ng, 0.5 mmol ) at roomtenperature. The resulting cloudy solution was
stirred forw®99/18312whi ch tine TLC anal ysis of the reaction nP&%F(fFg8/05135

i ndi cated the absence of acid. Then, the mgfture was diluted with water (50
m.) and extracted with ethyl acetate (3 x 50 nL). The conbi ned extracts
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ester as a white solid, 109-118 &Ve C. HR M5: (bs. nmss, 618 1311
Cal cd. mags, maaanpqu I\E*Qparmanmlf {@achlsymbiroethylphenyl)carbonyl]-4-[(2,6-

N-(2-chloro

di chl orophen%—gﬂze onfofﬁﬁlrég}%tﬁdzﬁg)p leXr?F%%bofyz]Z?mrrlgP]p)%o?ll}%% al n ester.
-.88 - [err] To a sojJution_of N (2-chloro-6-methyl benzoyl) - 4-

di chl or ophenya- ko2 BOYRAFIqTaAE %@rdlﬁnﬁﬂbéfhﬁrm%wr@@le(t{wm %e%vasb%b(?}lq agifd102

2- (4- rmlr pholh 50, %g:hﬁi&glﬁgo@n 3l 199 i& &icm&’brhetl@aﬂé'@ £l )¥ked s %&e&@g&&pﬂdg 055
o, 0. 25 ol MR apdaariieade d e med8mel g TG b the o
10 was stn'red at this temperature for 30 min, warmed to room temperature and
stirred for an additional 1 h. Then, the solvent and excess oxalyl chloride was
removed under vacuum and the residue was dried under high vacuum. To this
4-amino-N-{(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine methyl ester
(0.5 mmol, 212 mg) was added and the mixture was dissolved in
15 dichloromethane (5 mL). To this clear solution was added DIPEA (2.0 mmol,
0.258 g) at room temperature. The mixture was stirred for 15 h at which time
TLC analysis of the mixture indicated the absence of starting material. The
mixture was diluted with dichloromethane (20 mL) and water (100 mL). The
two layers were separated and the organic layer was washed with saturated
20 sodium bicarbonate solution (20 mL), brine solution (30 mL) and was dried
over anhydrous magnesium sulfate. Filtration of the drying agent and removal
of the solvent gave a crude product which was used directly in the next step.

Examples 1561-155. The N-[(2-chloro-6-methylphenyl)carbonyl}-4-
[(heteroaryl)carbonyllamino]-L-phenylalanine derivatives listed below were
25 prepared by treatment of equimolar amounts of 4-amino-N-[(2-chloro-6-
methylphenyl)carbonyl]-L-phenylalanine methyl ester and the appropriate
heteroaromatic carboxylic acids using the coupling procedure described in
example 109 and the ester hydrolysis procedure described in example 13.
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di chl or onetjhane andj et hyl acet dte (5:]1 to 1:1) and pure ethyl aght atle as
eluent 15 tjo obtain{0.2 g (65%] of ajwhite solid, np 109118 [err]C.
Exanpl e 130-132. Using the procedure jdescribed in Exanmp é)3129, t he
fol | ow ng est-er—dervaties—were—prepgaree—bExanple—SHdetu
Yield HRVS |GHlc HRMS 980 ° OBS 17 [|€G23JHBNMEOMECIF33] SOt hesi s of
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di chl or ophenyl )carbbnyl 1 no] -[L- pherjyl al ani ne 1-met hyl - 2- (4-
nor phol i no)jet hyl ester was prepared ijn 32% vyiel d aCCO(di ng tp the prlocedure
S described in Exapple 129. HRVS Callcd: 632.1484. Cbs: 632.{1486 (MyH).
Exanpl e 134, N-(2-Chl oro-6-net hyl benzoyl )-4-[(2, 6-
di chl orophenyl) carbonyl | am nol -§.- phenyl al anine 1-nethylethyl! ester S

152 Hs 38 |C25H26N304CIS | 500 | 967

s
153 \Ha 49 | C23H22N3056Cl 456 975 -
CHs
154 Ha 74 | C27H24N504C1 518 | 2,474
@»&
155 \“3 7.5 | C26H24N504Cl 506 644
CH3 // -

Examples 156—-160. The 4-[{(2,6-Dichlorophenyl)carbonyl)amino]-N-
[(heteroaryl)carbonyl]-L-phenylalanine derivatives listed below were prepared
by coupling of 4-[[(2,8-dichlorophenyl)carbonyl]amino]- L-phenylalanine
methyl ester and the appropriate heteroaromatic carboxylic acid using the

general procedure described in example 3, followed by ester hydrolysis using
the general procedure described in example 13.
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Example 161. 4-[[(2,6-Dichlorophenyl)carbonyl}amino}-N-[(1-
naphthyl)carbonyl]-L-phenylalanine methyl ester was prepared in 77% vield
from 4-[[(2,6-dichlorophenyl)carbonyllamino]-L-phenylalanine methyl ester
and 1-naphthoic acid using the general procedure described in example 3. HR
MS: Obs. mass, 521.1024. Caled. mass, 521.1053 (M+H).

Example 162. N-[(2-Acetyl-6-methylphenyl)carbonyll-4-([(2,6-
dichlorophenyl)carbonyllamino]-L-phenylalanine was prepared in 38 % yield
from 4-{{(2,6-dichlorophenyl)carbonyl]lamino]-L-phenylalanine methyl ester
and 2-acetyl-6-methylbenzoic acid using the general procedure described in
example 3. HR MS: Obs. mass, 547.0579. Calcd. mass, 547.0594 (M+Na).

Example 168. 4-[[(2,6-Dichlorophenyl)carbonyl]amino]-N-[{2-(1,1-
dimethylethyl)phenyllcarbonyl}-L-phenylalanine methyl ester was prepared
from 4-[[(2,6-dichlorophenyl)carbonyllamino}-L-phenylalanine methyl ester



usi ng the procedure described in Exanple 129. HR M5: Qbs. nmass, 717.1995.
10 Cal cd. whsso31pl7. 2013 (Mr). Exanpl e 139. PCT/EP98/05135
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pi per azi nyl lextample &s FHR MS: Obarmiass 0527/21@23 |(aakidomse, 5217 &SYSMHHded a
solution of HO in dioxane (3.0 mml, 0.75 nL, 4N) at roomtenperature. The
resulting so gt was stirred for 2 h at roomtenperature at which tine
TLC anal ysi s thej reaction mxture indicated the absence of starting
material. The ne was renoved under vacuum and the solid was
triturated ZOval h (15 nmL). The ether was decanted and the solid was
dri ed under hi gh vacuum t gy obtai n O. | 0 as a white solid. HR M5
(C3OH31CL3N404) 1 Qbs. 617. 146 2%% mss 617. 1489 (M+H). Exanpl e
140. Preparation N-(2-cf | or 5Ot hyl benzoyl ) -[(2, 6-

- | no] - L- phenyl al ani ne 2-(4-nethyl-1- 25
pi perazi nyl)ethyl ek To a suspensi on of
N- (2- Chl or o- 6- et hy's eVl )-4-[(2, 6-
di chl orophenyl ] car bonyl ] ani no] - L- phenyl al ani ne 2-(1- pi perazi nyl)ethyl ester
di hydrochloride (1.0 nmmol, 0.617 g) from Ex. 139 and K2C03 (8.0 mml, 1.1

in NWP ( 3. oom 30
t errper at ur ejﬁ?%%’}e\é\@%% taf ﬁ?%’ﬁf@%é‘%@“ygﬁﬁ(ﬂﬁ&? é‘ma @S Rr%ﬁaq)% tf”é’rﬁ%?%t ure
at whi ch i rfeoflL6diallymieshylbthyiephiesad tusing tha twoestepgenataprobedwedesence of
described in example 105. HR MS: Obs. mass, 206.0325. Calcd. mass,
206.0342 (M+).

Example 165. 4-{{(2,6-Dichlorophenyl)carbonyljamino]-N-[{2,6-bis-(1-
methylethyl)phenyllcarbonyl]-L-phenylalanine methyl ester was prepared

10 from 4-[[(2,6-dichlorophenyl)carbonyljamino]-L-phenylalanine methyl ester
and 2,6-bis-(1-methylethyl)benzoic acid using the general procedure described
in example 3. LR MS: 555 (M+).

Example 166. 4-[[(2,6-Dichlorophenyl)carbonyllamino]-N-[(2-
methoxyphenyl)carbonyl]-L-phenylalanine methyl ester was prepared from 4-

15 [{(2,6-dichlorophenyl)carbonyllamino]-L-phenylalanine methyl ester and 2-
methoxybenzoic acid using the general procedure described in example 3. HR
MS: Obs. mass, 501.0984. Calcd. mass, 501.0984 (M+H).

Example 167. 4-[[(2,6-Dichlorophenyl)carbonyllamino]-N-{(2-chloro-4-
methylsulfonylphenyl)carbonyl]-L-phenylalanine methyl ester was prepared in

20 73% yield from 4-[[(2,6-dichlorophenyl)carbonyllamino}-L-phenylalanine
methyl ester and 2-chloro-4-methylsulfonylbenzoic acid using the general
procedure described in example 3. HR MS: Obs. mass, 583.0263, Calcd. mass,
583.0264 (M+H).

Example 168. N-[(2,6-Dichlorophenyl)carbonyl}-4-[[(2-chloro-6-
26 methylphenyl)carbonyllamino]-L-phenylalanine methyl ester was prepared
from 4-[[(2-chloro-6-methylphenyl)carbonyl}amino]-L-phenylalanine methyl

ester and 2,6-dichlorobenzoic acid using the general procedure described in
example 3.



starting material. Then, the m xture was diluted with water (100 nL) and
the preci piygdondsgol i d was collected by filtration and dri e®@CIRRIB/OM3GN
vacuum This solid was purified by reversgphase HPLC to obtain 0.35 g
(55%- of a white solid. HR M5 (C31H33(¥)3N404) bs. nmass, 631.9208.
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ni t ropheny :11@ WE} rIr)L Rhr 12 ordt8- my) and silver oxide (1.5
m;tgﬁgﬁwmmﬁgmew e TR b0 T

10 at thsiﬂgﬁhéf kenéfiaIprobadute dé@@nﬁbdﬁﬁre%a bd® ed the absence of
starting material, and theé SO|Id was filtered. The solution was concetrated

ol uti on ( 28Fampint G ERastarn 2 A AL s TP RErY e kRS
L ?g Wﬁr g: Ing HFOIL-aidh A ]aN—E@ chhros®mveethi llglmngmﬂrbmﬂ&%henyhﬂangm f
4-am no- N- [@ %ﬁ% 981\%’@ ’ﬂ%i, SH(";?NE%IW@F@ bony ]A‘%“L‘BE‘% y?l;:l\?ég(lﬁr)]e
met hyl este rchld'lm—&-mebhyﬂlphemﬂ)carbonyll -L-phenylalanine.

N- net hyl - N- 11- ( 2- chl or o- 6- net hyl phenyl ) car bonyl | - 4-ni tro-L-

10

a. Synthesis of N-[(1,1-dimethylethoxy)carbonyl}-4-{[(2R)-2-amino-1-o0x0-3-
phenylpropyllamino]-L-phenylalanine methyl ester

To a solution of 4-amino-N-{(1,1-dimethylethoxy)carbonyl}-L-phenylalanine
methyl ester (5.09 g, 17 mmol) in DMF (60 mL) was added Fmoc-D-

15 Phenylalanine (8.70 g, 22.5 mmol), DIPEA (12 mL, 69 mmol) and HBTU (8.50
g, 22.5 mmo}). The mixture was then stirred at room temperature for 4 h.
The reaction mixture was diluted with water (150 mL) and the light yellow
solid which precipitated was collected by filtration. This solid was then
redissolved in 60 mL of acetone and the solution was treated with 100 mL of

20 water. The solid was collected by filtration and was washed with 1N HCI,
H;0. After drying at 60 °C under vaccum overnight, a light yellow solid was
obtained (13.2 g). A portion of this solid (2.51 g, 3.78 mmol) was dissolved in
15 mL of DMF and to the solution was added 1.5 mL of piperidine. The above
solution was stirred at room temperature for 45 min. After removal of the

25 solvent, the residue was recrystillized from ethyl acetate-hexane to give N-
[(1,1-dimethylethoxy)carbonyl}-4-[[(2R)-2-amino-1-0xo-3-phenylpropyljamino]-
L-phenylalanine methyl ester (1.36 g, 3.0 mmol ) in 81.5 % yield. LR MS 442
(M+H).



phenyl al ani ne nethyl ester (0.5 mml, 192 ng) from Ex. 141, zinc dust (-325
20 mesh, 5.Wowwdszz 0. 33 g, 10 equiv.) and anmoni um chl ori de XCh/BP98i#6135 0. 4
g, 15 equiv.) was added nethanol (4 nL) ayghwater (2 nL) at room
tenperature. After addition of water, the reaction was exotherm c. The

suspensi on 0

aﬁaloys“s of \ﬁ'fl%é’% 5;]5&{1%?1(;11 (;13dg%a g—({’%%%‘ tarthﬁhl(rirg}tlgé%gquhgl)d t he
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(417 mg) and diastereomer 2 (1.25 g) These compounds are diastereomeric at
the 2-position of the imidazolidinone ring. Both diastereomers gave LR MS
(C33H37N306): 572 (M+H).

c. Preparation of 4-[(2S,4R)-3-Acetyl-2-phenyl-4-(phenylmethyl)-5-oxo-1-
15 imidazolinyl]-N-[(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine methyl
ester.

4-(3-acetyl-5-ox0-2-phenyl-4-phenylmethyl-1-imidazolidinyl)-N-[(1,1,-
dimethylethoxy)carbonyl]-L-phenylalanine methyl ester (Diastereomer 1) (415
mg, 0.7 mmol) was treated with 10 mL of 4N HCl in dioxane at room

20 temperature for 2 hr. After removal of solvent, the residue was dried
overnight under vacuum. The residue (241 mg, 0.471 mmol) was dissolved in
DMF (4 mL) and was treated with 2-chloro-6-methylbenzoic acid (105 mg,
0.617 mmol), HBTU (234 mg, 0.617 mmol) and DIEA (246 pL, 1.42 mmol) at
room temperature for 4 hr. The mixture was diluted with 30 mL of ethyl

25 acetate, the mixture was washed with 1N HC], water and brine ( 8 mL each),
After it was dried over MgSO4, the solvent was removed and the residue was
filtered through silica gel eluting with ethyl acetate:hexane (4:1) to give 4-(3-
acetyl-5-oxo-2-phenyl-4-phenylmethyl-1-imidazolidinyl)-N-[(2-chloro-6-
methylphenyl)carbonyl]-L-phenylalanine methyl ester diastereomer 1.

30 d. Preparation of 4-(3-acetyl-5-ox0-2-phenyl-4-phenylmethyl-1-imidazolidinyl)-
N-[(2-chloro-6-methylphenyl)carbonyl]-L-phenylalanine diastereomer 1..

4-(3-acetyl-5-0x0-2-phenyl-4-phenylmethyl-1-imidazolidinyl)-N-[(2-chloro-6-
methylphenyl)carbonyl]-L-phenylalanine methyl ester diastereomer 1 (90 mg,
0.128 mmol) in EtOH (3 mL) was treated with NaOH (1N, 0.3 mL) at room

85 temperature for 30 min. The resulting solution was acidified with 1 drop of



Exanpl e 144. Preparation of 4-[(2,6-dichlorophenyl carbonyl)am nol1 N- et hyl -
N [ 1- (2- chivomsa@izret hyl phenyl ) car bonyl | - L- phenyl al ani ne” Usi RgTER8/05135
procedure described in exanple 13 N[ 1-(£o3hl oro-6- 10
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extracted w idsagblies d Aixtwd@OHR MS: obs. 611.2070, calc. 611.2061 (M+H).

Example 172. 4-[[(2,6-Dichlorophenyl)carbonyl}amino]-N-{(2-chloro-4- .
hydroxyphenyl)carbonyl]-L-phenylalanine methyl ester was prepared in 35%

15 yield from 4-{[(2,6-dichlorophenyl)carbonyllamino]-L-phenylalanine methyl
ester and 2-chloro-4-hydroxybenzoic acid using the general procedure
described in example 3. HR MS: Obs. mass, 521.0433. Calcd. mass, 521.0438
(M+H).

Example 173. 4-[[(2,6-Dichlorophenyl)carbonyllamino}-N-[(2-

20 methylsulfonylphenyl)carbonyll-L-phenylalanine methyl ester was prepared in
99% yield from 4-[[(2,6-dichlorophenyl)carbonyl]lamino]-L-phenylalanine
methyl ester and 2-methylsulfonylbenzoic acid using the general procedure
described in example 3. LR MS: 548 (M+).

Example 174. 4-[[(2,6-Dichlorophenyl)carbonyl]amino]-N-[(2-(1-methyl)ethyl-

25 6-methylphenyl)carbonyl]-L-phenylalanine methyl ester was prepared in 35%
yield from 4-[[(2,6-dichlorophenyl)carbonyllamino}-L-phenylalanine methyl
ester and 2-(1-methyl)ethyl-6-methylbenzoic acid using the general procedure
described in example 3. HR MS: Obs. mass, 526.1417. Calcd. mass, 526.1426
(M),

30 Example 175. 4-[[(2,6-Dichlorophenyl)carbonyllamino]-N-[(2-bromo-6-
methylphenyl)carbonyll-L-phenylalanine methyl ester was prepared in 64%
yield from 4-{[(2,6-dichlorophenyl)carbonyl]amino]-L-phenylalanine methyl
ester and 2-bromo-6-methylbenzoic acid using the general procedure described
in example 3. HR MS: Obs. mass, 563.0138. Calcd. mass, 563.0140 (M+H).



- 93 - The conbined extracts were washed with brine solution and dried over
MySO4. Fiworsattozia of the drying agent and concentrati on of PEHEPBESIAS on
gave the crude al dehyde which was conbi. with the above solid to afford
71.31 g (93% of light yellow solid suitable for use in the next step.. 5

b. Preparatg f | ay: | ' 0Q0 o ht ee- necked,
round bott tcﬁ)jrr)élgfl?in ﬂealgﬂbqgqﬂ{%%3’%"?&%‘%&#@??‘@’@%@%@, (%%Fh 1hrréget_er

addi t i onal ntethyépheniflirazboryllnphenviataninamedyhiester magprepared indd sk |
crude obt ai i ' :541LI04 | dehyde
and 750 m_wg%ﬁﬁa%%ﬁr%:{E%,G?dé?ﬁi)é@?lﬁ%}flg%gbéﬂg}]%%hﬁg Igcl)jll)1 'etﬁ ?é%mit?é ﬁ%%ﬁ n ba)s/i o
sodi um pho§§1f"f%§'t?l~:n‘ii gﬁ Xirf@TI{le lenzoigasid ysing the sgaeEal prege e‘gﬁéfgg’&aed
fol | oweds byn kxdigsle3. PER MEJObs SR akt, 5 NIB5RICAI6Q Mnbe Sy BT 848 (MEEE), a
solution of sodiumchlorite (73.5 g, 811 nmmol, 1.76 eqg.) in water (700 nL)

Lorr]C - ar durtbin 1 Thav- (hE TighieGopEep e oo sl O SRR 1S 1 at 0
_[egI ir]cact te 3 trpymm‘ 'm&l)cammgt]ajlrnine]-m-phw.m}dhlmﬁne w“ﬁs@iu&@ak?'dsfmmfti«ﬁ(%ﬁ Lnl ]>c<|t ;Jre e( 2
o 701 ol tSER Iy Rab At o B AR BouR e ° S 1
until the yoidrochloviderandl 8&pdichlorokenzmaperidpasingithe geneod methiddesrsihed al

to contypl ;hhs Ul @ﬁqq ' 6(?@1 sol vent was renoved under vacuumto
afford g \Aﬁ%lteaggffiig. The E§so |g{)\%§/ass 0 )’collected by filtration and the

filtrate extra with ether, (200 nL). The abgve solid als I ssol ved
inthis et a@slmﬁﬁ’rﬁﬁar%gn @éériﬁ&@ﬁqﬁﬂq enyDoarbonylamino M-
chloro-6-methylphenyl)carbonyl]-L-phenylalanine sodium salt.

A suspension of 4-[[(2,6-dichlorophenyl)carbonyl}lamino)-N- [(2-chloro-6-'
methylphenyl)carbonyl]-L-phenylalanine (127.13 mmol, 64.3 g) in water (500

15 mL) was titrated with aqueous 1.0 N sodium hydroxide (120 mL) at room
temperature until the pH of the solution became neutral. In order to effect
cornplete dissolution, the mixture was warmed to 40-45 °Cduring the course of
the titration. Some of the water was removed to a approximate volume of 300-
350 mL under vacuum and the clear solution was lyopholized under high

20 vaccum for 2 days to obtain 67 g (100%) as a white amorphous solid. Anal.
(C24H18ClO3Na04+0.70 H20): Caled. C, 54.62; H, 3.44; N, 5.31; Cl, 20.15;
Na, 4.36; H20, 2.33. Fd: C, 54.37; H, 3.49; N, 5.18; Cl, 20.11; Na, 4.25; H20,
2.54.

Example 179. VLA-4 / VCAM-1 Screening Assay

25 VLA-4 antagonist activity, defined as ability to compete for binding to
immobilized VCAM-1, was quantitated using a solid-phase, dual antibody
ELISA. VLA-4 (a4bl integrin) bound to VCAM-1 is detected by a complex of
anti-integrin bl antibody: HRP-conjugated anti-mouse IgG: chromogenic
substrate (K-Blue). Initially, this entailed coating 96 well plates (Nunc

30 Maxisorp) with recombinant human VCAM-1 (0.4 ug in 100 ul PBS), sealing
each plate and then allowing the plates to stand at 4°C for A18 hr. The
VCAM-coated plates were subsequently blocked with 250 1l of 1% BSA/0.02%
NaN3 to reduce non-specific binding. On the day of assay, all plates are

washed twice with VCAM Assay Buffer (200 nl/well of 50 mM Tris-HCI, 100
35 mM NaCl, 1 mM MnClg, 0.05% Tween 20; pH 7.4). Test compounds are



NaOH solution (2 x 200 nL). The basic aqueous solution was neutralized with
10% HCl t-0 wabiser3iZThe precipitated white solid was col | ect ePEFEFIHBIRL i on
and dried at air to afford 54.88 g (65% -a@sr-all in two steps) of
2-chl oro-6-nethyl 25 benzoic acid as a white solid. Exanple 146.

Preparat i on gfssfivbé 3n 60008 DMSOPRED vher dillaesd 1120mMVICAM AbexyBaifferi ne
net hyl ester. a, Prepgéat_lo

4-ni tro- N[ (SuBPlemented Wt g?fé)f/@éf B4 e EnabAMSP PR feorgiesidet 30
(Tg ous lorenrsriD 0 ”dﬂﬁtignﬁ laké ggffgggﬁdmwm% ebﬂiémgaﬁbila aaynkp of OpdGHMnhak 568
SO IR Of ST EREE RN IR Y
sus Ipez : gn g}/vatsf(ﬂt%niﬁ?t pilatéaiB, follaWedﬁ!yri@ qioé Ratrnoecell-detivedtVIA-4 These
aral Yo s o bUSaTi SN0 06 ZPRSS SRl TS iy
m xfure was hr at 394°G, qnulthen washedituar tiges with RO pl/weldV éﬁM@%ﬁﬁay Buffer.
Sol o wer o S0P LRS! fleP il deritl K1 AHELAGAL A LRI OF 2
and- vacuum dpgimly, in7PCAM desay Suftar v 1me/md. RSA) and \Qﬁowed to incubate f%r 1ahr
(1,1- f'! ”ﬁ%d"y 'aF |t3"7@€§>’ W%ﬁkius_horp etk ahamh oo pehd, Bll Rlatey aMmewakhed &had
asatiy y%imgsw w?t% 1k/%’Al\TpAs%?iynguilfe(;'\lf {TJO% pl[/veviefll- ANc%Iifes%gigg second
antibody, HRP-conjugated goat anti-mouse IgG (100 pnl per well @ 1:800
dilution in VCAM Assay Buffer + 1mg/mL BSA), is then added to each well,
followed by a 1 hr incubation at room temperature and concluded by three
15 washes (200ul/well) with VCAM Assay Buffer. Color development is initiated
by addition of 100 ul K-Blue per well (15 min incubation, room temp) and
terminated by addition of 100 nl Red Stop Buffer per well. All plates are then
read in a UV/Vis spectrophotometer at 650 nM. Results are calculated as %
inhibition of total binding (i.e., VLA-4 + VCAM-1 in the absence of test

20 compound). Selected data for compounds of this invention are shown in the

table below:

Example [|ELISA
1C50 nM

13 0.33

15 5.9

16 0.44

17 1.85

18 11

19 1.87

20 2.2

21 14




(400 MHz) [err] 8.16 (d, 2H, J
1H, J = 22 We)e9/163136-4.28 (m 1H),
[err]C NMR, CDCl[err] (100 Miz) d 17
130.48, 123.18, 78.36, 54.44, 51.9, 36.1,

9H) .

7.53 (d, 2H, J

20 Hz), 7.39 (d,
3.6 (s, 3H), 2.96-3.19 (mci2kdes0i13rd5 (s,
% gﬂi, 155. 29, 146.27, 145. 96,

9.99. HR MS: (Obs. nmss,

20 Hz),

325. 1404. cd—mass; 32571406710 (M+H). b. Preparation of
4- ami no- N-[ (221- di net hlt&t hoxy) gar bonyl ] - L- phenyl al ani ne methyl ester To a
m xture of 4-nitro-N [I(1, 1-dinetihyl et hoxy) carbonyl | -L-phenyl al ani ne net hyl
ester (222 reml, 72 Q) gdnc dust (-325 nmesh, 2.2 nol, 145.2 g, 10 15
equi v.) and fanmoni um d¢hloride (3.3 mol, 178.1 g, 15 equiv.) was added
met hanol (1 —anmd—wat erzjéﬁ‘oo_mf) at roomtenperature. After addition of
water, the rf@ction ni|¥%4R e was |exothernic and the tenperature raised to 45
to 50 [err] ¢_The suspension was| stirred for 1 h at roomtenperature at
which tinme Tbg anal ysijg g the nixture indicated the absence of starting
material 20§ and the rjeaction mixture was filtered through the celite,
washi ng t he rlterecro%}(§ W Th thanol (1 L) and water (500 ni).
Concentrati d#6t o remoy&-€ he nethanol and some water resulted in formation
of a white dqolid which was-collected by filtration and washed with water.
After air drjgng, 65.3109 (quant)} of a white solid, np 86-89 [err] C was
obt ai ned. 'H NVR, DVMS( d6 (400 MHz) [err] 25 6.9 (d, 2H, J = 20 Hz), 6.62
(d, 2H, J = Hz), 7.%9(d, TH}J = 22 Hz), 4.26- 4.28 (m 1H), 3.68 (s,
3H), 2.96-3. (m  2H), % 25 (s,| 9H). HR Ms: (bs. mass, 284.1614. Cal cd.
mass, 294. 1¢2H)-—e—Preparati+onof
4-1(2, 6-di chI30r ophenyli@ad bonyl ) am nol - N-[ (1, 1-

30 16

31 0.561

90 1.2

91 0.20

92 0.42

93 16

94 0.25

95 0.46

96 0.47

97 0.44

08 2.35

99 0.568

100 10

101 9.9




di et hyl et hoxy) car bonyl | - L- phenyl al ani ne nethyl ester. 30 To a solution of
4- am no- N [Wé ednesiaret hyl et hoxy) car bonyl | - L- phenyl al ani ne met PGT/EBHYQ5E35
(127.6 mmol, 37.57 g) and 2, 6-dichl orobenggyl chloride (140.6 mmol, 29.45
g) in-dichl oronethane (350 rrL) was added di i sopropyl et hyl am ne (192 nmol ,
33.4 nL) atrroomtengerature. The brown solution was stirred for 15 h at
room t enperiddre to di¥lord a whjte suspension. At this tine, TLC 35
analysis off the mxture indicatpd the absence of starting material. The

sol i ds wer ¢ ﬁ)ql lecteqgygfiltration and were washed wi th dichl or omet hane
(150 ni) 95 - and air drieal to obtain 52.75 g (88.4% of a white
solid, np 12t8“I‘5r[errd7é, NVR, DVSO-d6 (400 WHz) 5 10.68 (s, 1H),
74776(nn10§|—|) %Q(mBH) 4.12-4.17 (m 1H), 3.62 (s, 3H),
2.79-2.99 (Im_2H) 1133 (s Q9H)| [err]C NVR, CDC [err] (100 WMhz) d 172.49,
161. 82, 155 {34 136. 9%_1436.36, 131.28, 131.16, 5 129.48, 128.19, 119. 31,
78.27, 55.3, 51.76, 35 9, 27.77} HR Ms: (bs. mass, 466.1069. Cal cd. nass,
466. 1062 (M % . elggr at1on ¢f
4-1(2, 6-Di ch opheny rbonyl ) am nol - L- phenyl al ani ne met hyl ester

hydr ochl ori de—salt t-{2-6-D¢hl or ophenyl car bonyl ) am nol -N-

[ (1, 1-di et et hoxy) 4£8rbonyl] [-L- 10 phenyl al ani ne net hyl ester (92.97
mol , 43.45| g) in diokane (90 ml) was treated with 166 nL of 4 N

hydr ochl ori :lecl din dé%xane at lroom t enper at ure.

122 0.67
123 1.7
124 0.63
125 1.7

Example 180. 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% NaNg and 10 pg/mL leupeptin.

Calcein-AM was purchased from Molecular Probes Inc.

10

Methods:

VLA-4 (adbl integrin) antagonist activity, defined as ability to compete with
cell-surface VLA-4 for binding to immobilized VCAM-1, was quantitated using



After 5 mnutes, the solids went into solution and the m xture was stirred
for 2 h. Saggoelgsifre di oxane was renoved under vacuum to af Pardpras/gsibs ow
syrup and 250 nL of ethyl ether was added @_gum was formed which was

di ssol'ved 15 in THF (100 mL) and mnet hanol ? 00 nL). The sol vent was renoved
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The whit | | ect ed
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15 Test compounds were dissolved in 100% DMSO and then diluted 1:25 in
VCAM Cell Adhesion Assay Buffer (4 mM CaClg, 4 mM MgClg in 50 mM
TRIS-HCI, pH 7.5) (final DMSO = 4%). A series of eight 1:4 dilutions were
performed for each compound (general concentration range of 1 nM - 12,500
nM). 100 ul/well of each dilution was added to the VCAM-coated plates,

20 followed by 100 pl of Ramos cells (200,000 cells/well in 1% BSA/PBS). Plates
containing test compounds and Ramos cells were allowed to incubate for 45
min at room temperature, after which 165 pl/well PBS was added. Plates
were inverted to remove non-adherent cells, blotted and 300 ul/well PBS
added. Plates were again inverted, blotted and the remaining buffer gently

25 aspirated. 100 ul 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)
fluorecence measurement system (excitation = 485 nm, emission = 530 nm).
The results are shown in the following table:

30 Table

Example |Ramos
1C50

nM




35 and cooled in the refrigerator.

The solid was collected by filtration

and washed wiotdo/ibszane (500 nL) and air dried to obtain 101. BRCHEPI$@13%t her

| i quor was - 96 - concentrated and the ygsi due was purified by silica
gel colum chromat ography eluting wi th dichl oronethane and et hyl acetate
(15:1) to obtam anorvﬁé T7.07 g (total = 118.17g, 83%, np 244-245 [err]C
| H NVR, DMVBOLd6 (400 ) [ern] 10.66 (s, 1H), 8.83 (d, 1H J = 19 Hz),
7.47-7.6 (m—5H) .. 5 ¥ 15-7.29 (m 5H), 4.58-4.68 (m 1H), 3.65 (s, 3H,
3.12 (dd, 1kgsd = 17, |2%06), |2.87 (dd, 1H, J = 17, 11 Hz), 2.09 (s, 3H).
HR Ms: (bs. {mass, 518.;0652. C4l cd. nmass, 518.0641. Exanple 148. Preparation
of 4-1[(2,6-alcn|oropr§ yI') carlbonyl ] am no] - N-[ ( 2-
chl or o- 6- et 9Ipheny|) rbonyll] -L-phenylal anine. 10 To a suspensi on of
4-1[ (2, 6-di ¢hlorophenylycarboedqyl ] am no] - N-[ (2-chl oro-6-
met hyl phenyli)gar bonyl ]|861phenyl al ani ne met hyl ester (166 nmol, 86.2 g) from
Ex. 147 in gthanol (3350 nL) wds added aqueous 1.0 N sodi um hydroxi de (250
m.) at room nperaturglha%,r@e m xture was heated to 40-45 [err]C and the
resulting cliéar soluti s gtirred for 3-4 h. Then, the m xture was
cool-ed to 13-+eemtengerature-and the ethanol was renoved on a rotary
evaporator. (Ple residyd, &> dijluted with 100 nL of water. The neutra
inmpurities Was extractied intolether (2 x 100 nm.) and the basi c aqueous
| ayer was negk{alized 1.320

23 316

24 20

25 103

90 23

91 9.3

92 255

93 49

94 9.6

95 33

107 20

108 22

115 678

120 439

121 515

122 430




with 1 NHC The precipitated solid was collected by filtration and the
solid cake wg3oy@sed With water (1 L) and dried at air ovepcweehssdss The

crude 20

soluti-on was stored in the refrigerator for

solids were
m). After

was obt ai ned.

—f

cotected
123 dryi ng
"H NMR,

3%, 76

DVBO- d6

solid was dissolved in hot ace_tﬁrbtj le (2 L) and the resulting

15 h. The white crystalline

11 Hz)

1H),

4.58-4.68 (m 1H),
, 2.09 (s,

rati on and washed with cold acetonitrile (100
g (95% of a white solid, np 212-215 [err]C

(400 MHz) [err] 10.66 (s, 8.85 (d, 1H, J

3.12

3H). HR Ms:

Exanpl e 149. Preparation
F4Tor onef hyl - 3- pyridi necarboxylic acid. A solution of

30 ester in

sodi um hydroxi de sol ution was heated to

was consunmed. The m xture was acidified
The residue was

| uti on was concentrated to give 0.7 g of

o 49ae THF and acetic acid as indicated by NVR This
i e product of a simlar experinent and was

=19 Hz), 7 7.6 (m , 7.15-7.29 (m 25 5H),
(dd, 1H, J :f%% 13 Hz?ﬁ)z.m (dd, I'H J = 17,
bs. mass, pO50483: Fed: ss, 505.0488 (M+).
of 2,6-Dimet0-4-tri
2,6-dinmethyl-4-triflupronethyl-3-pyridi necarboxylic acid ethyl
40 nL of THFged 10 mMogf 1 N
reflux for 48 h. TLC pf the m xture (3:7 nethanol : di chl or onet hane)
i ndi cated tphat_starti mater] al
with acetic{de3d (5 nL @nd ejaporated to dryness.
triturated wWith THE ahd the s
material 35} ¢gptai nin
mat eri al vvaﬂ; combi nedfwth th
h t - -
chroma ogra)lgg %44
156 114
158 946
159 988
169 30
170 335
171 13.5

Example 181. Oral Dosage Form

Item Ingredients mg/tablet
1 Compound of invention | 25 100 250 500
2 Anhydrous lactose 83 35 19 38
3 Croscarmellose sodium | 6 8 16 32
4 Povidone K30 5 6 12 24
5 Magnesium stearate 1 1 3 6




on 90 g of silica gel, eluting with (3:7) methanol:dichl oronethane to give
1.05 g of aweobmaakizThis material was diluted with tol uene (PGHEPEALI3S
evaporated several tines to renove nost ofjfhe acetic acid to afford after
dryi ng under high vacuum 0.9 g of a white foam LR ES- M5 (COH6F3NO2): 218
(MH. 5 —Preparatiomrof

N-[ (2-chl or o- 6- et hyl phenyl ') car bonyl ] - 4-[ (2, 6-

dimethyl -44trifl LJQ[QD%'[ hyl -3-pyridinyl)carbonyl] anminol-14phenylalanine
To a solutlon of 2,6 | uoro yl pyrigpne camgppxylic¢ id
(102 ng, 046 nmol) frdmﬁqwehﬁlgt%ﬁr}g);l chl ogg%dgt han?u?g m.) ?gg addeg@g dr op
of DMF and’ : Mot 99 gy —at— 0~ C(TTe bathy . The
solution 10 was stirred at this tenperature for 30 mn, warnmed to room
tenperature and stirred for an additional 1 h. Then, the solvent and excess
oxal yl chl omgﬁumufﬁwgemr vacuum and the residue was dried under

hi gh vacuum To t

4-am no- N-1( 2- chI oro 6- met hyl phenyl ) car bonyl ] - L- phenyl al ani ne et hyl ester
(0.5 mol , 212 ng) was added and the m xture was dissolved in 16

di chl oronet hane (5 nL). To this clear solution was added DI PEA (2.0 mol,

0. 258 g) at I.obhxtitmeldl 13w a Shtablednixer fond5ahinuted. for 15 h at which
time TLC anal ysi s of the mxture indicated the absence of starting

mat eri al . afshgp( d water
(100 m_). The ?réﬁ#g 8?@8 wﬁgﬁﬁéﬁgﬁaﬁgﬁ@%%m C $§ygwu\kla?ds}l washed

w th saturated 20 SOdI um bi carbonate solution (20 nL), brine solution (30
nL) and was 3rPsH the granplafinminssteRghabPnCsul fate. Filtration of the
drying agent and renoval of the solvent gave a crude product which was used

directly in 4 [madaakle g&‘aﬁﬁlat@ﬁ@%n@%teﬁétﬁﬁﬁxghw 8uitable milling equipment.
N-[ ( 2- chl or o- 6- net hyl phenyl ) car bonyl |

5. Add the item 5 to the milled granulation from Step 4 and mix for 3
minutes.

10 6. Compress the granulation from Step 5 on a suitable press.

Example 182. Aerosol Administration Formulation

Ingrdients Qty/mL
Compound of invention 3-150 mg*
Sodium chloride 8.0 mg
Phophate buffer (20 mM) pH 7.0* 1.0 mL
q.s.

* Depending upon activity of the compound

15

PH can be adjusted with Sodium hydroxide solution (1 N) or HCI solution
A0%w/v)



[ (heteroaryl)carbonyl|l am no] -L-phenylal anine derivatives |isted bel ow
were 25 prepavgesiby treatnent of equi nol ar anounts of PCT/EP98/05135
4-am no- N-[ (2-chl oro-6- nethyl phenyl) car pgﬁgl_] - L- phenyl al ani ne nmet hyl ester
and the appropriate heteroaromati c carboxylTc acids using the coupling
procedure described in exanple 109 and the ester hydrol ysis procedure
descri bed in exanple 13. Exanpl es 156-160. The 4-
[[(2, 6-Di chl orophenyl ) carbonyl] am no]-N
| (het er oar yl Procedomg] | - L- phenyl al ani ne derivatives |listed bel ow were
prepared by coupling of 4-[[(2,6-dichlorophenyl)carbonyl | am no] -
L- phenyl al ani gy ool thel dﬁx}t %ﬁb%ﬁcé'ﬁ?t@@ﬁb‘iﬂ%ﬂ ate heteroaromatic

h enera

carboxylic acid using the procedure described in exanple 3,

foll owed by ester hydrolysis using the general procedure described in

exanpl e 13. [Sei“fl}ter eiae[.yl ‘]mEFﬁFﬁHggl &@12.2g micron filter.

4-[[ (2, 6-Di chl orophenyl ) car bonyl | am no) - N-[ ( 1-

napht - hyl )scar bonyl | - L- phenyl al ani ne net hyl ester was prepared in 77%yield

from4-[[(2, 6-dichl orophenyl)carbonyl] amino] -L-phenylalanine methyl ester

aRand 1- naphﬂ%l ﬁ:ar ﬁziedsilég 'd?sqnlbrﬁ%io%e&%erzza 1'13 él?z‘iﬁg%‘é a%%%vg rs'opu%goﬁ Qag )ér?&g)slu%eg '
using Malvern Mastersizer X) is in the range of 1-6 microns.



M5: (Cbs. mass, 521.1024. Cal cd. mass, 521.1053 (MtH). Exanple 162.

N-[ (2- Acet ywodenesdibyl phenyl ) carbonyl]-4-[[ (2, 6- PCT/EP98/05135

di chl or ophenyl ) car bonyl | am no] - L- phenyl al_gagne was prepared in 38 %yield
from4-[[(2, 6-dichl orophenyl)carbonyl] am no] -L-phenylal anine nethyl ester
10 and 2-acetyl - 6-net hyl benzoic acid usi@gg-%pe general procedure described
in exanple 3. HR Ms: (bs. mass, 547.0579. cd. mass, 547.0594 (M+Na).
Exanpl e 163. 4-[[ (2, 6-Di chl or ophenyl ) car bonyl ] am nol - N[ [ 2- (3%

di et hyl et hyl,) phenyl | car bgnyl ] - L- ghenyl al ani ne net hyl ester was prepared
froma4-[[(2, GJ&WB?‘HﬁLEgaﬁ}@ @yl ] am no] - L- phenyl a%rﬁlﬁéﬂ_ BeanReplaced o

- 100 - and 2-(1,1-di nethylethyl)benzoig, acid using the|f§H ? || dure
described in [err] Exanple 164. 2, 6-Bi sx( 1- net hyl et hyl) HIE S
prepared in two steps 5 from 2,6-bis ®{ hyl et hyl ) phenol using the two
step general procedure described in eX e 105. HR Ms: (Obs. nmss,

206. 0325. Cal cd. nmmss, 206.0342 (M+). E 8l e 165.

4-[[ (2, 6-Di chl or ophenyl ) carbonyl | am nolL-NAL[[2, 6-bis-(1-

met hyl et hyl ) phenyl ] car bonyl | - L- phenyl al E}: neClelthyl ester was prepared 10

from4-[[(2, 6-dichl orophenyl)carbonyl | agj - L- phenyl al ani ne net hyl ester
and 2, 6-bis-(I-nethyl ethyl)benzoic acid usihg thé-general procedure
descri bed

5 wherein:

one of X and X’ is hydrogen, halogen, or lower alkyl, the other is a group of the

formula:
Rys
0
| A N—(CHI
R16 0 X-6
wherein:

10 R1 is hydrogen or lower alkyl,

R15 is halogen, nitro, lower alkyl sulfonyl, cyano, lower alkyl, OH, lower

alkoxy, lower alkoxycarbonyl, carboxy, lower alkyl aminosulfonyl,
perfluorolower alkyl, lower alkylthio, hydroxy lower alkyl, alkoxy lower alkyl,
halo lower alkyl, alkylthio lower alkyl, alkylsulfinyl lower alkyl, alkylsufonyl

15 lower alkyl, lower alkylsulfinyl, lower alkanoyl, aroyl, aryloxy or a group of
the formula R17-C=C-,

R16 is hydrogen, halogen, nitro, cyano, lower alkyl, OH, perfluorolower alkyl,
or lower alkylthio,

R17 is hydrogen, aryl, heteroaryl, or lower alkyl which is unsubstituted or
20 substituted by OH, aryl, or heteroaryl, and

aisQorl;

or one of X and X’ is a group of the formula:

(T



in exanple 3. LR Ms: 555 (Mt). Exanple 166.

4-1[ (2, 6- q‘q’%g%ﬂghenyl ) car bonyl | am nol - N-[ ( 2- PCT/EP98/05135

met hoxyphenyl’ycarbonyl 3- L- phenyl al ani ne thyl ester was prepared from 4-
15 [] (2, 6-dichl orophenyl)carbonyl | ani ng]=L-phenyl al ani ne nethyl ester and
2- nmet hoxybenzoi ¢ acid using thﬁageneral procedure described in exanple 3.
HR M5: (bs. nass, 501.0984. Cal cd™\¢ 501. o84 (M+tH). Exanple 167.

4-[[ (2, 6-Di chl orophenyl ) car bonyl ] a Ncﬁ{e 0- 4-

met hyl sul f onyl phenyl ) carbonyl | -L-p Al anillne hetfyl ester was prepared in
20 73%yield from4-[[(2,6-dichl I )9ar bonyl ] am no) - L- phenyl al ani ne
met hyl ester and 2-chl or o- 4- net hyl's'dl for%@benzoi ¢ ac®#7using the general
procedure described in exanple 3. HR M5: (bs. nmss, 583.0263. Cal cd. nass,

583. 0264 (MtH) 168« . P hi 2 or
N[ (2, 6-D chl o‘r”g)lp %W?%ésr%gn% -12?! | Egc}:me%errggxéqm%%c ring containing 1, 3
met hyl phenyl )chatﬁmyglmsﬁﬂﬁ@i]edL 8nthBhe met hyl ester was prepared
from4-[[ (2-chl oro-6-net hyl phenyl) carbonyl ] am no] - L- phenyl al ani ne mnet hyl
ester and 2, 6-dj.chl orobenzoic acid using the general procedure described in
exanpl e 3. - 101 - Exmanple 169. N

[ (2, 6-D chl orophenyl ) carbaonyl | - 4- 2-C ro- 6- . s

met hyl phebyl ) cakebdhp 9-oFi %ﬂeﬁb%%é&l’?%w&ﬂ?eggmgwwg&oﬂgﬁlﬁ% b %’s‘oi s of

or 4 heteroatoms selected from O, S, and N,

a, R1, R15 and R16 are as above, and

R30 is hydrogen or lower alkyl, or is absent;

or one of X and X’ is a group of the formula:
R4

Red’ 'y
10 18 X-10
wherein:
R18 is lower alkyl, aryl, heteroaryl, arylalkyl, heteroaryl alkyl,

R19 is lower alkyl, which is unsubstituted or substituted by one or more of
halogen, hydroxy, lower alkoxy, aryl, hetereoaryl, alkylthio, or R19 is aryl or

15 heteroaryl, and
R9( is lower alkyl or lower alkanoyl, or

R19 and Rog taken together are tetramethylene;

and
Y is a group of the formula: This Sheet Has Been Replaced
AR
‘ ~
20 Rét/ "3 ya

Ll



N-[ (2, 6-di chl orophenyl ) car bonyl -4- 2-chl oro- 6- net hyl phenyl)c |1
am no] - L- pMemnghediani ne net hyl ester[Hom Ex. 168 5 usiyng t /%’e"%gl;ipy
procedure described in exanple 13. Exanpi £1370. Preparation of

4-1(2S, 4R) - 3- Acet yl - 2- phenyl - 4- (phenyl net hyl ) -5- oxo- 1-im dazolinyl] -N
[ (2- chl or o- 6 RBEAYE Phenyl ) car bonyl ] -L-phenyl al ani ne and 4-

[ (2R, 4R) - 3- acet y] - 2- phenyl - 4- (phenyl net hyl ) - 5- oxo-i m dazol i nyl ] - N[ ( 2-

hl - 6- et . _
N L2, - of nReRel Kok 56 2 dudndebi o aRes Nofer AIRYT lowéy alkoRylawes < of
2 henyl pr Kll-o{l( mengi%x ﬂ)dg;eyp hﬂdygmllig, fm‘yf ywirykdkpl, :Ttroacmm lowar elkylthio,
-am no- . L-di et -1 ' loester (5.09
17 ol ) ATy ke gl ggﬁfnn- PJEZV aﬁg AlBgett'o

g, 17 ) e A T e

mxture was then stirred at roomtenperature for 4 h. The reaction mxture
was di | uted WolylsWa@bgdnl HydFbxy, dbtret Ak Wteryskbryy anlind, atylchitro, cyano,
precipitated was collected by filtration. This_ soljd s then redissol ved
in 60 nL of weemalkyhsulfond, iﬁ@iqgenoﬁr ¥hd gf?%?%%\%\fqrﬁml O m_ of 20 water.
The-solid was collected by filtration and was washed with 1N HO, H20.
After drying at 60 C unde&%qcum overnight, a light yellow solid was

g_btai InedOI(13.2 g). A port on? this solid (2.51 g, 3.78 mmol ) was

i ssolved in 15 nL of DVE to thRe soluBio s added 5 of

pi peri di ne. The above soTuti on ﬁ?§ti rr-e@—a(rhzggom t enper ,l{rﬁlgs for 45 mn.
After renoval of the Ros S TR

H

or Ros

wherein R95 is hydrogen, lower alkyl, aryl, aryl lower alkyl, alkoxy lower
10 alkyl and R2g is hydrogen or lower alkyl, or

Ro9 and Rog4 taken together are a fused benzene ring; or

Y is a group Y-2 which is a five or six membered monocyclic heteroaromatic
group containing 1, 2 or 3 heteroatoms selected from N, O, and S, or a 9-or
10-membered bicyclic heteroaromatic group containing 1, 2, 3 or 4

15 heteroatoms selected from O, S, and N, wherein said heteroaromatic group is
bonded via a carbon atom to the amide carbonyl and one or two carbon atoms
of said heteroaromatic group are substituted by lower alkyl, halogen, cyano,
perfluoroalkyl, or aryl and at least one of said substituted carbon atoms is
adjacent to the carbon atom bonded to the amide carbonyl;

20 and the pharmaceutically acceptable salts and esters thereof.
2. A compound according to claim 1, wherein Z is hydrogen.
3. A compound according to claim 1 or 2, wherein X' is hydrogen.

4. A compound according to any one of claims 1-3, wherein:
R22 and R23 are independently hydrogen, lower alkyl, nitro, lower alkylthio,

25 lower alkoxy, lower alkylamino, lower alkylsulfinyl, lower alkyl sulfonyl, lower
alkanoyl, halogen, or perfluoroalkyl wherein at least one of R22 and R23 is not

R 0 AR

NI
N SVEHOLMRHE S

hydrogen, and

This Sheet Has Been Replaced

A

H
s




25 solvent, the residue was recrystillized fromethyl acetate-hexane to
give N 9/10312 PCT/EP98/05135
[(1,1-dinet y? oxy) carbonyl | - 4-[[ (2R) - 2y gimi no- 1- oxo- 3- phenyl propyl ]

am no] - L- phenyl al an| ne net hyl ester (1. g, 3.0 mol ) in 81L.5 %yield.
LR M5 442 ( Synt hesi s of

(- acet yi - 5 Kadbishytrg: ey loar A Iowenalsmyalons alkylsulfonyl,

N-T(1, 1, -di nghind @ﬁﬁ-@%u&ﬁg@ﬁ%)ﬁl grou nylfefmalyie nmet hyl ester. A solution
of above anmine (1.48, 3.35 mml )  and benzal dehyde (376 [er]l, 3.7 mml) in
di chl oronet hane (10 nmL) angNgret hyl orthoformate (10 nmL) was 5 stirred at
roomtenperature for 3 du¥S. “jhe reaction flask was then warmed to 90_ C

and acetic anhydride (nea\t .8 nmL) was a ded The resulting m xture was
stirred at 110 C for 4_arN §,e$asent wa élr evaporaté?j Rg crude
product was purified by S|I|ca chr onatjo

hy (et hyT G %ate: hexane =
1:1) to give 4-(3-acetyl-5-0xo0-2- B?ﬁenyl 40ph IrreDhyI 1-i m 0d%zol i dinyl)-N
10 [(1,1,-dinethylethoxy)carbonyll-L-phenyl al ani ne nmet hyl ester

diatereomer 1 (4dKerdih Ryktish3blah&Oakiy]l dandRIHi dydilbgéﬁ ozdoweraligylar e
|

di astereorrerlc at the 2-position of the imdazolidinone ring. Both

&1 (25, arp e preR Ll e pio R it Belogpf i 157 =117 O

i m dazol i nyl]-N-[(2-chl oro-6-net hyl phenyl ) car bonyl ] - L- hengll al ani ne net hyl
ester. 5. A compound according to claim 4, wherein R22 1s hydrogen (when R93

is other than hydrogen), lower alkyl or halogen.

6. A compound according to claim 4 or claim 5, wherein R24 is hydrogen,

hydroxy, lower alkylsulfonyl, lower alkyl, halogen, nitro or lower alkoxy or a
10 group of the formula:

NéN\
\ _/z
—N Razs Q R ? R
N —5N —c-N_*
Ras O R o Ras

wherein R25 is unsubstituted or hydroxy-substituted phenyl lower
alkyl, and R9g is hydrogen,

or R99 and R24 taken together are a used phenyl ring.

15 7. A compound according to claim 6, wherein Ry, is hydrogen, hydroxy,
amino, methyl, chloro, bromo, nitro, -OCHgs, .SO2CHj3 and Ras is H and Ry 1s

8. A compound according to any one of claims 4-7, wherein R23 is
hydrogen (when R22 is other than hydrogen), lower alkyl, lower alkylamino,
20 halogen, nitro, perfluoro lower alkyl, lower alkoxy, lower alkanoyl, lower
alkylsulfinyl or lower alkyl sulfonyl.

This Shegt Has Baen Re
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4- (3-acetyl - 5- oxo- 2- phenyl - 4- phenyl nmet hyl - 1-i m dazolidinyl)-N-[(1, 1,-

di met hyl et hox (glégar banyl ] - L- phenyl al ani ne nethyl ester (Di ast PGURRIS/OF}35(415
ng, 0.7 rmbl)‘y élo?l(r%eat ed with 10 nL of 4|§11I1I§1~ i n di oxane at room 20
tenperature for 2 hr. After renoval of solveéent, the residue was dried

overni ght under vacuum The residye (24 o 0,471 . Hs eidoi N
OVE (4200 “and wad. i campeing appording G e B e S BERRap LS aa Yl sedlctio

c acid" (105 ng
0. 617 nmol ), HBTU 7 1. @Atbrd BAMeAbugro, nitrdz-éﬁ}@ﬁa,ascﬁﬁom
t enperat ure fd?mﬁy&rztﬁ%y}h%%ogmm%@(gb te!d with 30 nL of ethyl 25
acetate, the nBQACHs -§82Clks HIH Gy pr 1 1, water and brine ( 8 nL each),
After it was dried over MgSO4, the sol vent was renoved and_t he, rgsj due was
filtered through sid ifgo@pbusd deédiding tdany byk oficktimtset-RexheseimY1) 15 o give
4-(3- . s '
acet yl - 5- ox6- 2se}eetagifrom she SEPRR EPRTISHRE 8fdazol i di nyl ) - N[ (2- chl or o- 6-
nmet hyl phenyl ) car bonyl 3- L-phen\él Iaai_‘ne nmet hyl ster di agt ereoner 1. CH3 d.

X “Phenyl - 4- pHenyl met hyll- 1-j ni dazolﬁ/l ) -

| ] - L- phen [ t ereoner
N- CH3 CHs

Preparation of g acetyl -5-
met hyl - 1-

N-[(2-chl oro-6 hyl phenyl ) carb
henyl afanfhe net hylClst &r ’

[ (2-chl oro-6- nethnd
30 min. The résulting solution was
acidified with 1 drop of - 103 -

dj astereoner 1 (90 nmy, 0.128 mol )
Ha Ha Ha E @f
X sabal
. CHs CFa .

4-(3-acetyl -5-
EtOH (3 nL) was treated with NaCH
(IN, 0.3 nL) at room 35 tenperature
2Hs

CHs , CHs
i m | o CHO Cl B Cl
CHs , Cl »
l
y /Q\/H /@
HO N Ci HO TN c

A U 60



HOAc and was purified by HPLC (C- 18, linear gradent from 5% acetonitrile to
95% i n wat mn) to give a white solid after |yophi 051M5:

obs. nass, %(283\"@638%%0. Exanpl e 171. PERiniro)

4-1(2S, 4R) - 3- Acet yl - 2- phenyl - 4- (3- pyri di n¥Hret hyl ) - 5- oxo- 1- 5

i m dazolinyl]-N[(2-chloro-6;neshyl phenyl)ca bonyI ] - L- phenyl al ani ne and 4-

[ (2R 4R)-3-a ! - 2- phenyl «)pyrldl nyl met fiyl)) - 5- o& irm dazolinyll-N
1(2- chl oro- & pdt hyl phenyl ) 3- L- phen ani ne epared from 4-
aimno-N-[(2-C Io$; “%- et hyl phen tar - phenyl al ani ne net hyl ester

and Froc- D- 3- pyri gi nyl al ani ne using the g’-é ral ,procedure described in |0
exanple 170. The Two*di astereoners at the 2-position of the im dazoline

ring were not readil separa ed by G 18 RP-H LC and the conpounds were
Nm 611. 2070, alc. 611.2061 (M+H). Exanple

assayed as a m .
172. 4[[(2& j rophen I)amno [ (2-chl oro-4-,

hydroxyphenyl arbon®l | - L- phenyl |n%r ester was prepar ed in 35% 15
yield from4- [[(2, 6-dichlorophenyl)carbonyl|am no] - L- phenyl al ani ne net hyl
ester and 2-chl oro-4- hydroxybenzoi c acid using the general procedure
described in exanple 3. HR M5: (bs. mass, 521.0433. Calcd. mass, 521.0438
(MtH). Exanple 173. 4- [ [(2,6-D chl orophenyl)carbonyl amno]-N [(2- 20
met hyl sul f onyl phEhyA rempbany!acebrdihg by laalyamiens chaiidyy/1-3¢ sttwreispimn Praeflor ed in

ot hyl st er SRR g RATP R do ?°arié?’ﬁexe%@%c&%ﬂﬁ&ér&gﬁoceﬁcur ¢

descri bed i ngermspre sglect& fivom S8 grony of:
N7 A NN
N s oot
Q7 9 s L WL

12. A compound according to claim 11, wherein groups Y-2 are of the
formula'

CHa

i_ Fa
oL 1 Er W, o™ LA,
Hs

10 13. A compound according to any one of claims 1-3, wherein in X-6 the
groups Ri5 and Ris independently hydrogen lower alkyl, nitro, halogen,
perfluoroloweralkyl, cyano or aryloxy.

14. A compound according to claim 13, wherein Ris or Risis H, methyl,
nitro, chloro, fluoro, trifluormethyl, cyano or phenoxy.

15 15. A compound according to claim 13 or claim 14, wherein group X-6 is

ofthe formula AR 0 B



Exarrpl e 174. 4-[[(2,6-D chl orophenyl)carbonyl]am no]-N-[(2-(1-nmethyl)ethyl-
- et hyW%g%ar bonyl ] - L- phenyl al ani ne methyl ester WaBCDERREISE in
35% yield (2, 6-dichl orophenyl )calr tggnyl ] ami no) - L- phenyl al ani ne
met hyl ester and 2-(1-nethyl)ethyl- rreth enzoi ¢ acid using the general
procedure descr} n exanple 3. HR VB: Cbs mass, 52 417. Cal cd. nass,
526. 1426 (M+). B X 75 4 [[(2,6-Dichl oroph nylf) car bonyl | am no]-N—
[ (2- brono- 6-~EtR N enffi?al anln | ester was
pr epared in 64%y

] nyIaIanin met hyl ester and
2- brom) 6 met hyl bemr_wc acigl’using the geméralr procedurG described in
exanple 3. HR MB: (bs. 'nass, 563.0138. Cal cd. nmass, 563. 0140 (MHH) .
Exanmpl e 176. 4-p[ (- Di chl orq_-phenyl)carbon ] am no] N [(2-ethyl-6-

met hyl phenyl Lca bony!I] - L- 1 gll ani ne net esger was prepared in 46%
yield from 4-"Nt 2¢6i chl | ) carbo K- L- phenyl al ani ne net hyl
ester and 2-ethyl pet hyl Gen |c aci P ing t general procedure
described 5 in 6Kanple 3. AR 5. Qasx. mass, 51% 1359. Cal ed. mass, 513.1348
(MtH) . Exanple 177. N-[(2 6 Di chl orophenyl)carbonyll-4 [ (2, 4-di rrethyl 3-
pyridinyl)car bo I

di met hyl - 3- pyri ﬁ)‘%@ g%géwhﬁﬁy\fgﬁgﬁﬁgtgng?h% esfhe%r(g’ﬂﬂetls
hydr ochl or i de5and 62perrxhec¢d mqn@eﬁdm hef@@womafmgrmew@émlag It 9o

descri bedy nitrogens, or a nitrogen and a sulfur, or a nitrogen and an oxygen.

17. A compound according to claim 16, wherein the heteroaromatic ring is
N7 A
o o .
,{?T QN“ » '\r}\‘s/—?/ LW oo N .

18. A compound according to any one of claims 1-3, wherein in X-7 Het 1s
a bicyclic heteroaromatic ring containing from 1 to 3 nitrogens as the
10 heteroatoms.

19. A compound according to claim 18, wherein the bicyclic

) _N/j/
= p/

4-quinolinyl, 1-isoquinolinyl or N

heteroaromatic ring is

20. A compound according to any one of claims 1-3, wherein in X-7 Ris is
15 hydrogen, nitro, lower alkyl sulfonyl, cyano, lower alkyl, lower alkoxy,
perfluorolower alkyl, lower alkylthio, lower alkanoyl, or aryl.

21. A compound according to claim 20, wherein Ris is isopropyl, methyl or

phenyl.

22. A compound according to any one of claims 1-3, wherein Ris in X-7 is
20 hydrogen, halogen, nitro, cyano, lower alkyl or perfluoro lower alkyl.
23. A compound according to claim 22, wherein Ri6 is methyl or
triflouromethyl.
24. A compound according to any one of claims 1-3, wherein Ry, in X-7 is

hydrogen or lower alkyl. s

I




lo in exanple 107. M5 (M+H) 486 (2Cl). Exanple 178. Preparation of 4-]
[(2, 6-di Chlvpﬁg?mﬁwl )carbonyl] amno] -N- [(2- PCT/EP98/05135
chl or o- 6- net

enyl ) car bonyl ] - L- phenyla?%Q[ne sodi um salt. A suspension
of 4-f[(2, 6- dlchlorophenyl)carbonyl]anlno [ (2-chl or o- 6-

met hyl phenyl ) car bonyl ] - L- phenyl al ani ne (127.13 nmol, 64.3 g) in water (500
15 nL) was titrated with aqueous 1.0 N sodi um hydroxide (120 nL) at room

tenperature untij-the f it S ef fect
conpl ete di ssol Léédﬂcoﬁggg%déb%?nﬁé\lg %fr@&%lé}%g% &}lé}?ﬁ{ggﬁﬁ%ﬁr se
of the ti tramreowftlﬁcﬁommﬂat he water was renpved to a approxi mate vol ume of
300- 350 niL under vacuum and the clear solution was |yopholized under high
20 vaccum for 2 days to obt n 67 g (100% as a vvhlte anor phous solid.

Anal . (024H18C1*0. 70 : 44; N, 5.31; d,
20.15; Na, 4.8% Hi'b 2. p2 .18; O, 20.11; Na,
4.25; H20, 28045 0 ﬁsay 25 VLA-4

ant agoni st achii defi abi”| | ding to

i mmobi |i zed VCAME was ( tat,ed usi 953a 58 |’3d phas‘:\e':3 dual anti body

ELI SA. VLA-4 (a4bl integrin) bound to VCAM1 is detected by a conpl ex of
anti-integrin bl antibody: HRP- j ugat ﬂ anti-nouse | gG chrom)genl C

substrate (K-R Initiall ent &i'P coating 96 I at es (Nunc
30 Maxi sor p) econbi_Ranin. V ~4 pg inp d‘? PBS)
seal i ng each Hnd t Nowi n pl atks t@Hmat 4C [err] 18
hr. The VCAMRg@@t ed pl at'egAher e subsequentgyy bl ocked [err] | of 1%
BSA/ 0. 02% ’ ’ ’ ’
Ha
i\\ N H_ Fa
Ha S r\d\\ N—
CHa and N
26. A compound according to any one of claims 1-3, wherein in X-6 or X-7
Ri is hydrogen
27. A compound according to any one of claims 1-3, wherein in X-6 or X-7
10 aisO.

28. A compound according to any one of claims 1-3, wherein in X-10 R18
is lower alkyl or phenyl wherein the phenyl ring is unsubstituted or
monosubstituted by halogen, hydroxy or is phenyl lower alkyl.

29. A compound according to claim 28, wherein R18 is tertbutyl, phenyl,

15 phenoxy, chlorophenyl or phenylethyl.
30. A compound according to any one of claims 1-3, wherein in X-10 R19

is lower alkyl which is unsubstituted or substituted by pyridyl or phenyl
wherein the phenyl ring is unsubstituted or monosubstituted by lower alkoxy
or halogen.

20 31. A compound according to claim 30, wherein R19 is methyl, isobutyl,
benzyl, 4-chlorobenzyl, 4-methoxybenzyl or 2-pyridylmethyl.

32. A compound according to any one of claims 1-3, wherein in X-10 Rgg
is lower alkanoyl.

33. A compound according to claim 32, wherein Rgo is acetyl.

(T



NaN3 to reduce non-specific binding. On the day of assay, all plates are
washed tw c@owioibs1YCAM Assay Buffer (200 [err]l/well of 50 nRETYEPBOFESS 100
35 MM NaCdl, 1 mM M 2, 0.05% Tween 20; pipy-4). Test conpounds are -
105 - ‘dissolved in 100% DMSO and then diluted 1:20 in VCAM Assay Buffer
suppl ement ed w 4y AR dibo&i abtorfling fd B oMEPcRaintd 1-3hwiRireRPeRlups X-10
dilutions are perforned to achieve a contentration range of 0.005 nM -
1. 563 [err]Nuﬁdﬁtb&éhnnék¥ conpound. 100 [err]l per well of each dilution
is added to the 5 VCAM coated plates, followed by 10 [err]| of ;a\g;a
]
f

cell-derived V| . These pl'_g es areypsequential | ¥ M xed on a pH
shaker for 1 i ncubat ed K 737 [eprT§—aRd_t hen washed,
times with 200 T¥er] o/ wel | VON%QZ of nouse anfi-Poman
integrin bl antilpod¥ is added t [

Buffer + I ng/nL BEA) Mmd al | oned to i
t he ‘conclusi @ S | ncubation peri .

wi t h VCAM Assay uffe 200 [err] 1/ well). correspondi ng=6econd anti bo
HRP- conj ugat ed goat § nouse 1gG (100 [err]l per well @1:800 dilution Py
VCAM Assay Buffer + Iy nm_ BSA), is then added to each well,>followed by a
1 hr incubation at roomtenperature and concluded by three 15 washes

(200[ err] 1/ wel |l )\ th VCAM Ass @uffer. Col or xgl oprent is iHycti gtled by
bati on, roomte )r%nd
s, N—

addition of 10§ [§rr]l K-Blue periwell (15 min f
r Z
””’iN— :',,’iN_ uulj\N__ Hsc\n/N
O

Ha N Hy N Ha N
O 0 O ’

Z

cl, oI,

CHa Hac\fiﬁ\ HaCFHs Hac\(CHs

4,
"l

Fd N_ N— ——
HaG _N HsoYN\/ H3
” (43 A N O CHa

o o s HaC CHs ,
Hgf N

and OH |

L



term nated by addition of 100 [err]l. Red Stop Buffer per well. Al plates
are then read in a UV Vis spectrophotoneter at 650 nM Res®CTEPA8/85135
cal cul at edV@9%883 A hi bition of total bindj (i.e., VLAA4 + VCAM1 in the

absence of test 20 conpound). Sel ected “for conpounds of this invention
are shown in the table bel ow Exanglge ELI SA 22 1.6 23
0.48 24 95, 26c@apound selegterbirpm the groupg ¢ 27 1.9 28
3.3 30 2.0 30 1.6 31 0.51 90 1.2 91
0.20 92 0.42 93 1.6 !

O N E [ H

N
N
@ : ] ol \©j\ ¢
Y

C
N02 scH3 R OCH3

2

H
H
N N N
Ct \©j\ ct O c O
HN” ~CO.H F HNT ~COMH HN™ ~COH
0 @iko 0
NHCH3 CF3 , S0,CH3
5
! )
|
R R
@:(N H QQ(N
c O N a0
Cl
HN CO,CH3 HN™ ~COzH
O HN” ~COzH o
o)
o CHg
~CH
’ O HeC CHs
O , s 4
] |
N/l H N NH
N
o ! cl
HN™ ~COzH HN ~COM

OH
Hs HN Ha Ha
o 0] 0] 0]
ﬁ CH CHa

R R A 11
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94 0.25 95 0.46 96

0.47 97 0.44 98 2.35
99 0. 58 100 10 101 9.9 102 41 POT/EPSIO513 79
108 WD $8103124 1.14 115 14%35 120 4.5 121 5.8 122
0.67 123 1.7 124 0.63 125 -

1.7 Exanpl e 180. Ranpbs (VLA-4)
[ VCAM 1 Cel | -Based Screening Ass

Pr ot ocol

H
N
HN O+
0]
CHg
CHs

| |
& QG
cl O \CS\ ¢ 0 @\/L ©j\
HaHN™ ~COH Ha HN™ "COzH | HN” ~COH
o) o)
Eji CH3\ /E‘j

CH3 ) Hs

HO

OH

0
N0
o" CHeY\'?rlL :
CH3\'/\b‘!j\N HN Ho Cl
Hg Cl

-
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Material s: 5 Sol ubl e reconbi nant human VCAM1 (m xture of 5- and 7-1g
domai n) V\% P]Md'sf"&ed from CHO cell culture nedia by i mMmuno®iCTTRHIBAPS513S

chr omat ogr % y and maintained in a sol utj containing 0.1 M Tris-glycine
(pH 7.5), 0.1 MNad, 5 nmM EDTA, 1 nM PMS£; "0. 02% 0. 02% NaN3 and 10 pg/ ni
| eupeptin. Calcein-AM was purchasegd from Ml ecular Probes Inc. 10 Methods:
VLA-4 (a4bl integrin) antagoni st aqtivity, defined as ability to gpnpete
with cell-surface VLA-4 fopsbiathpd e | mmobilized VCAM 1, was _gua Hitated

usi ng - 108 - a ﬁa e| | .adhesi on assay. Ra
ceII-surfaceCN&§$/4ﬁf§E b #Ph a fluoresc = g
al l owed to bind /VCANt 1 . resencecpr absence of |t ey

reduction in fClsred

i nhi bi tion) reflﬁﬁ ed 5 \ nhi bition of VLA-4
adhesi on by the €8t coy R\ I nitrally, this entailed
pl ates (Nunc Maxi sorp) reconbi nant human VCAM1 (100

PBS), sealing each plate antallow ng the, plates to stand a H4[err]C for
Al8 hr. The VCAM coated plates were subsequently washed twice with 0.05%
Tween-20 in PBS, and then bl ocked for

ﬁé? (f%l%$§ﬁ

OH

-

R



10 I hr (roomtenperature) with 200 [err]| of Blocking Buffer ( 0&.}%@%,@5195?%
thi merosal ) teyg eghese non-specific binding. Follow ng the incubation wth

Bl ocki ng Buffer, plates were inverted, bl ot-tl@b -and the remai ning buffer
aspirated. Each plate was then washed with 300 [err]l PBS, inverted and the
remai ni ng PBS aspirated. 15 Test conpo s were dissolved in 100% DVSO and

then diluted 1:25 in VCAM Cel | Adhesi say Buffer (4 g9 ¥ W 4 M
MG 2 in 50 MM TRI ,HpHCHsS) (fin ?:4%. A se 4 OfNeLght 1:4
di luti ons were per dnNforeach conpoyn @ al concentratlio nge of

on was abdef to

1 nM- 12,500 ridN: 0 Tferd

VCAM coat ed pl ates, 20 ©ol Ne#ey by 100 [err]| of sy cells (200, 00 H
cells/well in 1% BSA/ PBS¥Hs ¥l atles cont ai ni ng g npounds and I'ls
were &l l owed to incubat g~ ¢5T00M at room g cPure, after ' 065

[err]1/well PBS was addg Pltht es were inve to renove non-a ent
cells, "blotted and 300 £l | /wel | PBS added” Rhates were agai n 1 nverted,
blotted and the remmining buffer gent’ly 25 aspirated. 100 [err]| Lysis
Buf fer (0.1% Sq%'n 50 TRIS-HO, pH 8.5) was addgg,to each well and
agitated for 2 ré,tary shaking platform Thg pl ates were then read

for‘; fl uorescence i M epE] t W .0 Cytof l uor 2300 (M recence
measur ement system (excilfati = 485 nm eni ssion e results
ar¢ shown in the fol Fonithg t =, 30 Tabl e

Exanpl e Ranpbs | C50

0 0
CHs

S N=
Ha 0 \©1 “ord
HaC
| H COH I HN™ “COzH
0] 0
CHg

S/

A



nM  -109 - 13 15 15 2 600 16 85 19 351 20
1,630 21 1,270 22 1,320 23 316 24 PCI/EP98/I05B§ 5g
103 90 =~ WO99/10312 g1 9.3 92 _q9g. 255 93 49 94
9.5 95 33 107 20 108 22
! Hs F30
NH NH N
, F
NO,
, HN “COH HN “COH HN"~COoH
e e ;
H
o) i ON Q
H OH
v 3
Q LA HN_ O
SN” HN"COH N~ HN"COMH '\', H Br
0O Oz O CHa
Br ) Br ; HaC ’
H
g H o._N
N 7
ct O /‘ N |
N7 HNT COM N~ F HN” COH
HiN OgH 0
e e
. .
5 Br ’ F > ?
HaO
Cl CHs Fa
H NH NH
Clbl NO» : j 0)
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115 678 120 439 121 515 122 430 - 110 - 123

316 124 wo 998531450 47 152 967 153 O PTTiEPY8/05135
2,474 155 644 156 114 158 _ 197 _ 946 159 988 169
30 170° 33.5 171 13.5 Exanpl e “181. Oral Dosage Form Item

| ngredi ents nmg/ t abl et |
1 [ l H
<I H N\c
HN""COxH

N Ct O
(ﬁ Cl O Ojt
HN COgH HN"~CO,H
CH
o o
CI , Cl , CHg

%1 %
. M@jﬁﬁ*

o)
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\ /@[C N HN” “CO.H

I

A



s e b St
——

Compound of invention

| act ose 83 35
8 wb®9/103121 32 4
24 5 Magnesi unst ear at e
Total wei ght (ng) 120

1. Mx itens 1,2 ,3 in a suitable ni¥pr for 15 mn

powder

100 250 500 2 Anh
19 38 3 Cr oscar nﬁFF@é’ég’ésgg’fum 6
Povi done 5 6 12
.ngs- 3 6 - 111 -
150 300 600 @ict uring procedure:

2. Granul ate the

m X "sﬁeplwith 20% PEgR_MRQ Q! uti on. 3 ‘ ranul ation in
step 2 at 3Q[ drr INC~¢ Pass the grapul n fromsteg 3p a suitable
mlling equipneit. Add t he i eymi |l ed granul ation flrom Step 4
and m x for SHaPnut & . lation from ()71
sui tabl e press. Exa oo on For mul | ngrdients
Qy/ nL Conpound of Y ron mg* Sodi um
8.0 ng Phophate b @0 M) pH 7.0 mL

‘
H
N
; " cl
ca O @1

HaHN
Ne ™ 0
CHS—O\N/

H
N
O
COH Hy BN COLCH2CHs
2!
&O
(o]

A



g.s. * Depending upon activity of the conpound 15 pH can be adjusted with
Sodi um hydixgxegimagol ution (1 N) or HO sol ution (10%V v) PCT}E?%’QSI”
Procedure: 1. Dissolve the drug substancejgg-the buffer. 2. Filter the
solution through a 0.22 mcron filter. The particle size distribution after
nebul i zing th pve solution (as neasured ysing Malvern Mastersizer X) is
I n the rangg 1- m crons. - 113 -FOyarms 1. A conpound of the

formul a: [ervNt M ' one of X and XL ApMcegen, hal ogen, or | ower
al kyl, the ot?rd's oup of the U
HN C)\/\/CH3 HN O\/\OH
Ha Ha o
o o
: Cl Cl

Hz
é\}oo oy 00 Ky,
Cl |

Ha
(0]
0]
5 and Cl

R



formula: R15 [err] wherein: R err] is hydrogen or |lower alkyl, Rerr] is
hydrogen, G&@ges: nitro, |lower alkyl sulfonyl, cyano, | owerCEERSI05136H,
| ower al koxy, |ower al koxyearbonyl, carb § | ower al kyl am nosul fonyl,
perfluorol ower al kyI | ower al kyl t hi o, roxy lower alkyl, al koxy | ower

al kyl, halo Io K omer al k | s r al kyl,
al kyl suf onyl ggé égy%vpna 3&&PQ%T% ?éﬂ?PPﬁﬁ%thFSkﬂﬁm3?@§&§§P59§$e aryl
aryl oxy or an@mnammnﬁ t he fornula R17-C=C-, R err] is hydrogen, halogen,
nitqo, cyano, |ower alkyl, , aryloxy, perfluorolomer al kyl, or | ower

al kyl thio, Rers ngm?%%ﬁggng to BB SE0%ethe cBlirdd yp%@ g8l b quhi ch i s

unsubstituted or su or one of X

and X is amgdiegment ihthe memr@nt of rlp@r:m]atmdeaaréhﬁtlsemu @pée sclegpsis,

6- menber gd h?qw&pybb@e[a{gagggfggmxﬁg 1, 2 or 3 heteroatons sel ected
fromN, QO an

38. A medicament containing a compound according to any one of claims
1-35 and a therapeutically inert carrier material.

39. A medicament for the treatment of rheumatoid arthritis, multiple
sclerosis, inflammatory bowel disease or asthma, containing a compound
10 according to any one of claims 1-35 and a therapeutically inert carrier
material.

40. A process for the production of a medicament, especially for the
treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel
disease or asthma, which process comprises bringing a compound according to

15 any one of claims 1-35 into a galenical administration form together with a
therapeutically inert carrier material and, if desired, one or more additional
therapeutically active substances.

41. The use of a compound according to any one of claims 1-35 in the
treatment of illnesses, especially in the treatment of rheumatoid arthritis,
20 multiple sclerosis, inflammatory bowel disease or asthma.

42. Use of a compound according to any one of claims 1-35 in the
preparation of a medicament for the treatment of rheumatoid arthritis,
multiple sclerosis, inflammatory bowel disease or asthma.

43. The novel compounds, intermediates, processes, medicaments and
25 methods as hereinbefore described.

LS
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He'f ‘is a

O-

or

10- menbered bicyclic heteroaromatic ring containing 1, 2, 3

or 4 heteroatons selected from0O, S, and N, a, [err] are as above, and
[e_rr] i s hydrogen or |ower alkyl, or is absﬂent or one of X and X is a
grfoup of the formula: wherein: RJ[err] is 'hy{ﬁt)gen | ower al kyl, aryl,

het er oary

ar

ylal kyl, heteroaryl alkyl, R19 is lower alkyl, which is

unsubstltuted'whegubstltuted by one or nore of hal ogen, hydroxy | ower
al koxy, aryl,

R20 is | ower aRmandrRmaee inldpendghtly drydreger,

t et ranet hyl ene

R23 are |ndepe &8ﬁd’|a¥/k' ah %e%ﬂ S the f(jjlagﬂ Mrngr%oc)ygn §\{i\\§?%1kﬁ%ﬁm’

al koxyl al
al kyl t hi o,
hal ogen,
hydr ogen,

kyl ,

het ereoaryl, al kylthio, or R[err]l is aryl or heteroaryl, and

cwkealkybdewee allsoxy, lower

Homralhjr]lsylfhmlnb,war@lkyl mlﬁmylkgolwerralkamylchalmgen,l awer

bOV\@érfﬁiowAmyl Eh&léﬂt 1eAsQVé§1r ARy afdl fzcgnxlothéxown Ry deaBeN! and

or 5 ‘perfluoroal kyl and | east”One o

and R24 is hydrogen, hydroxy, lower alkyl, lower alkoxy, amino, aryl, nitro, cyano,

10

lower alkyl sulfonyl, halogen, or is a group of the formula:

N
Né \N

25 ,
G —C-N
Res =~ O Rog or Rag
wherein R25 is hydrogen, lower alkyl, aryl, aryl lower alkyl, alkoxy lower
alkyl and R2g is hydrogen or lower alkyl, or

R99 and Ro4 taken together are a fused benzene ring; or

Y is a group Y-2 which is a five or six membered monocyclic heteroaromatic
group containing 1, 2 or 3 heteroatoms selected from N, O, and S, or a 9-or
10-membered bicyclic heteroaromatic group containing 1, 2, 3 or 4
heteroatoms selected from O, S, and N, wherein said heteroaromatic group is
bonded via a carbon atom to the amide carbonyl and one or two carbon atoms
of said heteroaromatic group are substituted by lower alkyl, halogen, cyano,
perfluoroalkyl, or aryl and at least one of said substituted carbon atoms is
adjacent to the carbon atom bonded to the amide carbonyl,

and Z is hydrogen or lower alkyl;

and the pharmaceutically acceptable salts and esters thereof.
2. A compound according to claim 1, wherein Z is hydrogen.
3. A compound according to claim 1 or 2, wherein X’ is hydrogen.

4. A compound according to any one of claims 1-3, wherein: -
R9292 and R93 are independently hydrogen, lower alkyl, nitro, lower alkylthio,

lower alkoxy, lower alkylamino, lower alkylsulfinyl, lower alkyl sulfonyl, lower
alkanoyl, halogen, or perfluoroalkyl wherein at least one of R92 and R23 is not

hydrogen, and

AW A

AMENDED SHEET

R22 and R23 1 s other t han



R24 is, hydr ogeng%/tetdr oxy, | ower al kyl, |ower al koxy, anmino, atGHEPIRORI3S,
cyano, |ower alkyl sulfonyl, .halogen, or is a group of the fornmula: [err]
wherein [err] is hydrogen,.|ower alkyl, aryl, aryl |ower alkyl, alkoxy

| ower 10 al kyl and R26 is hydrogen or |ower alkyl, or R22 and R24 taken
together are a fused benzene ring; or Y is a group Y-2 which i's a five or
six menbered nonocyclic heteroaromatic group containing 1, 2 or 3
heteroatons selected fromN, 0, and S, or a 9- or 10 ered bicyclic

hét eroaromati ¢ group containing 1, 2, 3 or 4 15 he eRERLOPR tted from
0, S, and N, wherein said heteroarornatic group is po Y skbdn at om
to the am de carbonyl and one or two carbon atons o ai d heteroar tic
group are substituted by | ower al kyl, hal ogen, cyan pgfﬁFEqug}k |} or
aryl and at | east one of said substituted carbon atjo IS adjacent[t t he
carbon atom bonded to the am de carbonyl; 20 and g | pwer

al kyl; and the pharnmaceutically acceptable salts a theﬂgof} 2. A
conpound according to claim1, wherein Z is hydrogen. 3. A conpound”
according to claim1 or 2, wherein X is hydrogen. 4. A conpound accordi ng
to any one of clainms 1-3, wherein: [25 R22 and R23 are independently

hydrogen, |ower allkyl, N trevrpRPRYLALANIEE SerTvEvERl KOXy, | ower

al kyl am no, | ower al kyl SMHM —1 ower al kanoyl,
hal ogen, or perfluoroal kyl wherein at |east one of R22 and R23 is not
hydr ogen, and

)

Vascular cell adhesion molecule-1 (VCAM-1), 2 member of the
immunoglobulin (Ig) supergene family, is expressed on activated, but not
resting, endothelium. The integrin VL.A-4(a4b]), which is expressed on many

16 cell types including circulating lymphocytes, eosinophils, basophils, and
monocytes, but not neutrophils, is the principal receptor for VCAM-1.
tibodies to VCAM-1 or VLA-4 can block the adhesion of these mononuclear
leukocytes, as well as melanoma cells, to activated endothelium in vitro.
Antibodies to either protein have been effective at inhibiting leukocyte
15 infiltration and preventing tissue damage in several animal models of
inflammation. Anti-VLA-4 monoclonal antibodies have been shown to block T-
S cell emigration in adjuvant-induced arthritis, prevent eosinophil accumulation
and bronchoconstriction in models of asthma, and reduce paralysis and inhibit
monocyte and lymphocyte infiltration in experimental autoimmune
20 encephalitis (EAE). Anti-VCAM-1 monoclonal antibodies have been shown to
prolong the survival time of cardiac allografts. Recent studies have
demonstrated that anti-VL.A-4 mAbs can prevent insulitis and diabetes in

non-obese diabetic mice, and significantly attenuate inflammation in the
cotton-top tamarin model of colitis,

[Ses
(9]}

Thus, compounds which inhibit the interaction between as-containing
integrins and VCAM-1 will be useful as therapeutic agents for the treatment
of chronic inflammatory diseases such as RA, multiple sclerosis (MS), asthma,
and inflammatory bowel disease (IBD).



-116 - R24 is hydrogen, hydroxy, lower alkyli |ower alkoxy, Iowﬁmg0005¥y~§-
al kyl sul fonyl, am no, nitro, halogen or a group of the formula: [err -
wherein R25 is aryl lower alkyl and R26 is<hydrogen or | ower aIk%ﬁ?a r 1Pos
[err] taken t €r are a fused benzene ring. 5. A conpound according to
claim4, wher Rﬁ? i's hydrogen (when R23( i gother than hydrogen), |ower
al kyl or hal oggn. Jb. npound accordin chaim4 or claimb, wherein
R24 is hydroged, Oydr | ower al kyl sul N r al kyl, hal ogen, am no,
nitro or |ower al koxy or group of the f { | a: rr] mherein R25 is
unsubstituted or hydro b e__;loheny owe yl, and R26 is

hydr ogen, or [err] tldke et eroar a used phenyl 'QQ 7. A conpound
according to clai mgi wepétn R24 i s hydrogen, c-pﬁ - 7l AN cpet hyl

chl oro, brono, nit -OCH err] 8. A conpound 2 cv~w;og to &n oﬁe of
clainms 4-7, wherei ot her than H§&rogen),

| ower al kyl, |ower alkyl'am no, |ower alkylthi® elogen, nitro, perfluoro
| ower al kyl, Jowsr al koxy, |ower alkanoyl | ower ’
I H
N s ’
N H
C 0 N R
Cl o ,/

F N
~ ~ A0 ()o- crs YO NN
o
c

5 Cl
- 1 i ’
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\ H
N N
Ci
o ¢ 0
o, HN O o
* _Ao0 U ch, H N
CH3 O
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al T’fyl sul finyl or |ower alkyl sulfonyl. -117 - 9. A conpound according to
claim8, wherein R23 is nethyl, ethyl, iso- propyl, tertbutyl,
trifluornethyl, chloro, brono, fluoro,-natro, -[err] [err] 10. A conpound
according to any one of clains 4-9, wherein Y-1 is 5 selected fromthe
group consisting of: [err] [err] [err] 11. A conpound according to any
one of clains 1AS3cordingrte fimthenpréf@ret embodineny of the irtventiom dheoerstprevided ¢ he 9-
or 10- menbesgolridoyiith & het eroaromatic groups are selected fromthe group
of : [err] 120 -AiGRRMHRASANM-NE,b ikl RbiReh ) cathty Bty QUPenYafanieS o
the forml N—(ZL&fl&Jo-G-methylbenzoyl)-4—[[(2,6-dichloropheny1)carbonyl]amino]—L—phenylalanine

sodium salt

According to another embodiment of the invention, there is provided a compound
having the formula

/"{/gco ‘\CHa
4
which is

N-[(2-chloro-6-methylphenyl)carbonyl}-4-[[(2,6-dichlorophenyl)carbonyl)amino]-L-phenylalanine
2-(N,N-diethylamino)ethyl ester.

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




100 13. A compound according to any one of clainms 1-3, wherein in X-6
the groups [err] independently hydrogen | ower al kyl, nitro, hal ogen,
perfluorol oneral kyl, cyano or aryloxy. t#0-A conpound according to claim
13, wherein [err] is H nethyl, nitro, chloro, fluoro, trifluornethyl,
cyano or phenoxy._ 15 15, A compound according to claim13 or claim 14,
wherein group X- 66 4 ©mponad peerdmgio clamy bwhich 1.~ A conpound. according to
any one of cNdRwebloto-§-methdbanizayl)d-[K270-dichlorophenyhicarbpnylaminekk-dhemdranne|or c
het er oar omat Ng2+chlogo-6amdthylbenzgyl)-4-[2(2¢6-dishibraphemybganenyltamiao L {phegdalamned a
sul fur, or agodiuni ©@en and an oxygen. 17. A conpound according to claim 16,
wherein the heteroaromatic ring is [err] 18. A conpound according to any
one of clainms 1- |0k - t 2l | ' eroaromatic ring
containing from %%’g@&fﬁﬁ‘r‘%gﬁ"(&d{% tcﬁéelﬁllgh%ler{gé%g om%‘l/ 18. A conmpound
according to claim 18, wherein the bicyclic heteroaror@%c/@ri ng is

4-qui nolinyl, 1-isoquinolinyl or N 20. A conpound acc\i i [ To any one of

clainms 1-3, whereinin X-7 R15 is ¢ 0
CHs H!t,‘/\iro"/\‘“/\c”:
00 ‘\c:—;3
P N
L)
which is

N-[(2-chloro-6-methylphenyl)carbonyl}-4-[[(2,6-dichlorophenyl)carbonyl}amino]-L-phenylalanine

2-(N,N-diethylamino)ethyl ester.
38. Compounds according to any one of the claims 1-37 for use as a medicament.

39. Compounds according to any one of the claims 1-37 for use as a medicament
in the treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease or
asthma.

40. A medicament containing a compound according to any one of claims 1-37
and therapeutically inert carrier material.

41. A medicament for the treatment of theumatoid arthritis, multiple sclerosis,
inflammatory bowel disease or asthma, containing a compound according to any one of
claims 1-37 and a therapentically inert carrier material.

42, A process for the production of a medicament, especially for the treatment of
rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease or asthma, which
process comprises bringing a compound according to any one of claims 1-37 into a
galenical administration form together with a therapeutically inert carrier material and, if
desired, one or more additional therapeutically active substances.

43. The use of a compound according to any one of claims 1-37 in the treatment
of illnesses, especially in the treatment of rheumatoid arthritis, multiple sclerosis,
inflammatory bowel disease or asthma.

44. Use of a compound according to any one of ¢claims 1-37 in the preparation of
a medicament for the treatment of rheumatoid arthritis, multiple sclerosis, inflammatory
bowel disease or asthma.

45. The novel compounds, intermediates, processes, medicaments and methods as
hereinbefore described.
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15 hydrogen, nitro, |ower alkyl sulfonyl, cyano, |ower al kyuaoéw@@@d%k\bxy,
perfl uorol ower al kyl, |ower alkylthio, |ower alkanoyl, or arﬁé/ ?GB
conmpound according to claim 20, wherein [err] is |sopropyl %FI d
phenyl . 22. A conpound according to any o of claims 1-3, where| n R16 in
X-7 is 20 hydrogen, hal ogen, nitro, cyano,”1ower alkyl or perfluoro |ower
al kyl . 23. A conpoudd. Ac@mrmd:un@a@or@tgatmdazﬁlwmgh@ n Rlerr] is nethyl or
trifl our omet hyIN-(2éhlo-Gorthylbedzat)eb(,61dichbrephynyljverbohylddnainaL1- 3, wherein
R30 in X-7 is hyeiygaiingior | ower al kyl . - 120 - 25. A conmpound according
to any one of olgi-Borb- @meﬂ@ﬁfeﬁid}l)gf (ﬂ)@d?&h%r@ghenﬁicaibbﬁymmxﬂy}@ [err] 26.
A conpound accc%gdmaﬁlge o0g: Of aims 1-3, wherein in X-6 or X-7 Rerr]
i S hydrogen 27. A”conpoun accordlng to any one of clainms 1-3, wherein in
X-6 or X-7 10 ais 0. 28. A conpound according to any one of clains 1-3,
wherein in X-10 R183i7s A congpound kxbrdidg toletainill hakiagehafokielaphenyl ring is
unsubstituted or

wherein: WKQ o

X, X', Z and Y are as defined in claim 1,
R3; is lower alkyl; or
R is a group of formula P-1:

Raz Ras

| ‘
~CHy) h_g_(CHag.N\R This Sheet Has Been Rep

i

“ IR

Rg3 is hydrogen or lower alkyl,

Rs3 is hydrogen, lower alkyl or aryl,
R34 is hydrogen or lower alkyl,
h is an integer from 0 to 2,

g is an integer from 0 to 2, and

the sum of hand gis 1 to 3; or

R is a group of formula P-2:

-(CHa)n—ga‘z(CHz)rCT
H
wherein:
R3;, g and h are as defined in claim 1,
Tis O, S, -(CH2);-, a bond (when j=0) or a group of the formula N-Rjs,
R3s is hydrogen, lower alkyl, lower alkanoyl, lower alkoxycarbonyl, and
Jjis0,lor2.

38. A compound according to claim 37, wherein Ry is lower alkyi.

AR



mpnosubsti tuted by hal ogen, hydroxy or is phenyl lower alkyl. 29. A
conpound, according to claim28, wherein R18 is tertbutyl, phenyl, 15
phenoxy, chl orophenyl or phenylethyl. 30. A conmpound according to any one
of clainms 1-3, wherein in X-10 R19 is |ower alkyl which is unsubstituted or
substituted by pyridyl or phenyl wherein tiB& phenyl ring is unsubstituted
or nonosubstituted by | ower al koxy or hal ogen. 20 31. A conpound
according to claim 30, wherein Rerr]is nmethyl, isobutyl, benzyl,

4-chl or obenzyl, 4- mShAxpnmonyd acordgy claiim|38pwherkin R321s rdethylngthyinbutyl, I-
according to an e_of .cl aj 1-3, wherein jn X-10 R20 js | ower al kanoyl .
33. A conpound %E@QFWL&'IPQ}L)@BW% Zanethgxypthy rﬂéﬁ']d@‘ya&it yl . - 121 - 34.
A" conpound according to any one of clains 1-3, wherein groups X-10 are of

the forrmula. [err] - 122-
: 40. A compound according to claim 39, selected from the group consisting of

N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyi)carbonyi]amino]-L-
phenylalanine methyl ester,
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonyl]amino]-L-
phenylalanine ethyl ester,
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonyl]Jamino]-L-
phenylalanine butyl ester,
N-(2-chloro-6-methylbenzoyl)-4-[{(2,6-dichlorophenyl)carbonyl]amino]-L-
phenylalanine 1-methylethyl ester,
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonylJamino]-L-
phenylalanine 2-methylpropyl ester,
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonylJamino]-L-
phenylalanine 2-methoxyethyl ester and
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonyl]Jamino]-L-
phenylalanine 2-hydroxyethyl ester.

41. A compound according to claim 37, wherein Rs; is P-1 or P-2.

42. A compound according to claim 41, wherein Rj; is diethylaminoethyl, 2-
(4-morpholinyl)-ethyl, 1-methyl-2-(4-morpholinyl)ethyl, 1-methyl-4-piperidinyl, 2-
(1-piperazinyl)ethyl or 2-(4-methyl-1-piperazinyl)ethyl.

43. A compound according to claim 42, selected from the group consisting of
N-(2-chloro-6-methylbenzoyl)-4-{[(2,6-dichlorophenyl)carbonyl]amino]-L-
phenylalanine 2-(4-morpholinyl)-ethyl ester,

N-(2-chloro-6-methylbenzoyl)-4-[[ (2,6-dichlorophenyl)carbonylJamino]-L-
phenylalanine 1-methyl-2-(4-morpholinyl)ethyl ester,
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35. A conpound sel ected fromthe group: [err] - 123 - - 125 -

126 - .

127 - This Sheet Has Been R,

ummmmuum

N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonyl]amino]-L~
phenylalanine 1-methyl-4-piperidinyl ester,
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonyljamino)-L-
phenylalanine 2-(1-piperazinyl)ethyl ester,
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonylJamino]-L-
phenylalanine 2-(4-methyl-1-piperazinyi)ethyl ester and
N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonyl Jamino]-L-

phenylalanine butoxycarbonyl ester.

44, A compound according to claim 42 having the formula
which is N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyl)carbonyl]amino]-L-
phenylalanine 2-diethylaminoethyl ester.

45. Compounds according to aﬂy one of claims 1 to 44 foruse as a

medicament.

46. Compounds according to any one of claims 1 to 44 foruse as a
medicament in the treatment of rheumatoid arthritis, multiple sclerosis, inflammatory
bowel disease or asthma.

47. A medicament containing a compound according to any one of claims 1-
44 and therapeutically inert carrier material.

48. A medicament for the treatment of rheumatoid arthritis, multiple
sclerosis, inflammatory bowel disease or asthma, containing a compound according
to any one of claims 1-44 and a therapeutically inert carrier material.

49. A process for the production of a medicament, especially for the
treatment of rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease or
asthma, which process comprises bringing a compound according to any one of
claims 1-44 into a galenical administration form together with a therapeutically inert
carrier material and, if desired, one or more additional therapeutically active
substances.

50. The use of a compound according to any one of claims 1-44 in the -
treatment of illnesses, especially in the treatment of rheumatoid arthritis, multiple
sclerosis, inflammatory bowel disease or asthma.
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- 128 - - 129 - 130 36. A conpound according to claiml which is
N- (2-chl or o- 6- et hyl benzoyl )-4-[[(2,.6-di chl orophenyl ) carbonyl ] am no] - L-
phenyl al ani ne, or

N- (2-chl or o- 6- net hyl benzoyl )-4-[[ (2, 6-di chl orophenyl ) car bonyl | ar ni no] - L-
phenyl al ani ne sodiumsalt. 37. A conpound H3cording to claim1 having the

formula: wherein: X sX&&fofa cSmpBchdacibiBing o S dld®H clafin$1-34 T the pRigaFdiibn! S
| ower al kyl; or (K glhilahSnidoShoHe, fe& q(}*rﬂﬁlllﬂt id %h%?fn%ﬁd}ﬂe sclerosis,
lerr] Rerr] is; rn%ioerr)]fb%{ve &¥&Ee & aSthnia.

52. The novel compounds, intermediates, processes, medicaments and
methods as hereinbefore described.
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R33 is. hydrogen, lower alkyl or aryl, Rlerr] is hydrogen or lower alkyl, h
Is an integer fromO to 2, gis an integer fromO to 2, and the sumof h
and gis | to 3; or Rerr] is a group of fornula P-2: wherein:

[err] [err], g and h are as defined above, Tis 0, S, -(CH2)[err]-, a bond
(when j=0) or a group of the fornmula N-R[é0r], R[err] is hydrogen, |ower

alkyl, |over al kanoyl 4 & un@'aWMﬁQfoQ%leHi@Hld isO 1 or2. 38 A

Conpound Zﬁﬁgi“’*l%;;hl‘gg@wm‘%’ﬂ‘)%@i@ RS 5’2%@6 Yoyt 1o "

rechylethyl, 2 Rzgﬁﬁéaﬁé1n§eﬁm§7ﬁ%%—z@%§3ﬁ%v St L 20,

N- ( 2- chl or o- 6- [[(2,6 d|chIorophenyl)carbonyl]an1no] L-
phenyl al ani ne nethyl ester,

N (2-chl or o- 6- met hyﬂ'/beA(‘b&HyAu}la%cJokﬁ&gﬁ) ALt RIBRNEE Yk bonyl ] ami no] - L-

phenyl al ani ne et hyl <

Z-N "R
wherein: Y’gO ©
X, X!, Z and Y are as defined in claim 1,

Rj; 1s lower alkyl; or
R3; 1s a group of formula P-1:
R
~CHy) h—c'zicrw fe
H Ny
wherein:
Ra; is hydrogen or lower alkyl,
R33 is hydrogen, lower alkyl or aryl,
R34 1s hydrogen or lower alkyl,
h is an integer from 0 to 2,
g is an integer from 0 to 2, and

the sum of h and gis 1 to 3; or

R3y is a group of formula P-2:
Raz

l
~CHph—G—(CHIEN T

R3, g and h are as defined above,

Tis O, S, (CH2);-, a bond (when j=0) or a group of the formula N-Rgs,

wherein:

R3s is hydrogen, lower alkyl, lower alkanoyl, lower alkoxycarbonyl, and

jis 0,1 or2.

38. A compound according to claim 37, wherein R3; is lower alkyl.
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N-(2-chloro-6-netliyl benzoyl)-4-[[(2, 6-dichl orophenyl ) car bonyl JramTo}=t=
phenyl al ani ne butyl ester, "
N-{ 2- chl or o- 6- et hyl benzoyl )-4-[[ (2, 6-di chl or ophenyl ) car bonylj{] a41% £2931
phenyl al ani ne 1-nethyl et hyl ester,

N- (2- chl or o- 6- net hyl benzoyl ) - 4- [[(2 6- di cll1$7orophenyl ) car bonyl{] am no] - L-

o ';

phenyl al ani ne N-(Eétiytops-aieitylbRat®d)-4-[[(2,6-dichlorophenyl)carbonyljaminctt=
N- ( 2- chl or o- 6- memyy[(l benzoyl )-4-[[ (2, 6-di chl orophenyl ) carbonyl ] am no] - L-
phenyl al ani ne Yé'éﬂé?er@ﬁb’ ester,

N- ( 2- chl or o- 6- A L-
phfanylcal g:lione ?Kﬂfﬂl D& Tben%c{gﬁ)# ﬁ?t?b ﬁ%x%ﬁ%%@%}'%@%&l%%i gmdng} m 37,
wherein R31 i Spﬂeriy]ﬂﬁmi?cz—(l-ﬂ@eraéi Qemgte@(éraccordl ng to claim4l, wherein
R31 is diethylam noethyl, 2- (4- m)rlﬁﬁol | nyI I et hy

1- met hyl - 2- (4- %(%Jﬁmmrérm)e@wlmzoyi) omq@@ylhm#wnyllazmno}-b

| | LEthyl. 43. A d
O A i T PRI 1, »
N- (2- chl or o- 6- rregﬁlMﬂ&%Eﬂvﬁﬁéth)y}bénidy{)%[{(Zj@@fdhlm&mb@ﬂ)daﬁb@ﬁﬂmb}m noJ - L-

phenyl al ani ne 2- (4-norphol i nyal)b et hyl ester
N ( 2- chl or o- 6- PREMJAlEEReHfeRYCAbPRYZSteL. di chl or ophenyl ) car bonyl ] ami no] - L-

PR3 e 1 et L ARk MRLAEY) BN nl e ol 1) 151017 1) 1

11 11011

§ @r“%

Cz
which is N-(2-chloro-6-methylbenzoyl)-4-[[(2,6-dichlorophenyi)carbonyl}jamino]-L-

phenylalanine 2-diethylaminoethyl ester.
45. Compounds according to any one of claims 1 to 44 foruse as a

medicament.

46. Compounds according to any one of claims 1 to 44 foruse as a
medicament in the treatment of rheumatoid arthritis, multiple sclerosis, inflammatory
bowel disease or asthma.

47. A medicament containing a compound according to any one of claims 1-
44 and therapeutically inert carrier material.

48. A medicament for the treatment of theumatoid arthritis, multiple
sclerosis, inflammatory bowel disease or asthma, containing a compound according
to any one of claims 1-44 and a therapeutically inert carrier material.

49, A process for the production of a medicament, especially for the
treatment of theumatoid arthritis, multiple sclerosis, inflammatory bowel disease or
asthma, which process comprises bringing a compound according to any one of
claims 1-44 into a galenical administration form together with a therapeutically inert
carrier material und, if desired, one or more additional therapeutically active
substances.

50. The use of a compound according to any one of claims 1-44 in the
treatment of illnesses, especially in the treatment of theumatoid arthritis, multiple
sclerosis, inflammatory bowel disease or asthma.
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132 N-(2-chl oro-6-net hyl benzoyl )-4-[[ (2, 6-di chl orophenyl ) carbonyl]am n -
phenyl al ani ne 1- net hyl - 4- pi peri di nyl ester, [ =5
N-( 2- chl or o- 6- et hyl benzoyl )-4-[[ (2, 6-di chl orophenyl ) car bonyI%%fiW_’rQéq]é -T-
phenyl al ani ne 2- (1-pi perazi nyl )ethyl ester, Slpler  {PCS
N- ( 2- ch] or o- 6- et hyl benzoyl )-4-[[ (2, 6-di chldr ophenyl ) car bonyl ] am no] - L-
phenyl al ani ne 2-(4-nethyl -1-pi perazinyl)ethyl ester and

N- (2- chl or o- 6- et Tk tenndytgyl?nchne ab- ot HIBRAIErYE 8F B_@Eérﬂob?ﬁiﬁi@hp'—‘
D e 1 pRHASH ffh Befay P Bicily. HidmdleS QBT ok Bilhdof, 9.2 ™ 2

N-( 2- chl or o- 6cyandhenzeylz 8yidphahy] 4] shallikél or ophenyl ) car bonyl ] ani no] - L-
phenyl al ani ne 2-di et hyl am noet hyl ester. 45. Conpounds according to any one.
of claims 1 to 447hehkeMa® | LAl - any
one of clains, lpt '011141% for aﬁy?gf;;’gﬁghﬁ% | gg%é?uphcﬂgﬁgﬁgg’ggﬁg%eﬂgg g, whid
rheumat oi d ar #hbPended vig,an oxyigen atpwy ddepreferredanyiens gravms phanossise or
asthma. 47. A nedi canent containing a conpound according to any one of
clainms 1- 44 and Iméhefiesttdspatd, yhé pessent fiventionilstes 8b a b8apdurest gaMent
for the treat f rheumatoid arthritis, multiple sclerosis, inflamuatory

bowel di sease or asthma, containing a conpound according to any one of
claims 1-44 and a therapeutically inertycarrier material.

wherein:

one of X and X' is hydrogen, halogen, or lower alkyl, the other is a group of the

formula:
Rqs
Y
// N—(CH2) o~
Ris o X-6
wherein:

R is hydrogen or lower alkyl,

Rys is hydrogen, halogen, nitro, lower alkyl sulfonyl, cyano, lower alkyl, OH, lower
alkoxy, lower alkoxycarbonyl, carboxy, lower alkyl aminosulfonyl,
perfluorolower alkyl, lower alkylthio, hydroxy lower alkyl, alkoxy lower
alkyl, halo lower alkyl, alkylthio lower alkyl, alkylsulfinyl lower alkyl,

alkylsufonyl lower alkyl, lower alkylsulfinyl, lower alkanoyl, aroyl, aryl, aryloxy
or a group of the formula R17-C=C-,

Rys is hydrogen, halogen, nitro, cyano, lower alkyl, OH, aryloxy, perfluorolower
alkyl, or lower alkylthio,

- {REPLACEMENT SHEET




49. A process for the production of a medicanent, especially for the
treatment of rheunatoid arthritis, multiple sclerosis, inflammatory bowel

di sease or asthma, which process conprises bringing a conpound according to
any one of clainms 1-44 into a galenical admnistration formtogether with a
therapeutically inhert carrier material and,5if desired, one or nore

addi tional therapeutically active substances. 50. The use of a conpound

accordi ng to angi91€ h9tréged, B¥yll héterbAryl N lotea byl twieilkch iié LissbRfuted or
especially in thé treatnent of rheumatoid arthritis, multiple sclerosis,

i nf| ammat ory bo®mebstifuded by Qi, arsderbeteroaryb apd  Use of a conpound
according to any one of clains 1-44 in the preparation of a nedicanent for
the treatment ofisleypmtoid arthritis, nultiple sclerosis, inflammtory
bowel disease or asthma. 52. The novel conpounds, internedi ates, processes,

edi caents and gt bods, £ 19l SNBSS iSRGE: Do

Ris Ry

o

R 16 F|30 X_7

wherein Het is a 5- or 6-membered heteroaromatic ring containing 1, 2 or 3
heteroatoms selected from N,O, and S;

or

Het is a 9- or 10-membered bicyclic heteroaromatic ring containing 1, 2, 3
or 4 heteroatoms selected from O, S, and N,

a, R1, R15 and R1¢ are as above, and

R30 is hydrogen or lower alkyl, or is absent;

or one of X and X’ is a group of the formula:

wherein:
Rys is hydrogen, lower alkyl, aryl, heteroaryl, arylalkyl, heteroary! alkyl,

R19 is lower.alkyl, which is unsubstituted or substituted by one or more of
halogen, hydroxy, lower alkoxy, aryl, hetereoaryl, alkylthio, or R19 is aryl

or heteroaryl, and

R0 is lower alkyl or lower alkanoyl, or

R19 and Ry taken together are tetramethylene; R_‘EPL ACEMENT SHEET
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. -7.

The compounds of the invention can exist as stereoisomers and diastereomers,
all of which are encompassed within the scope of the present invention.

In a compound of formula 1 X is preferably hydrogen which means that
then X is a group X-6, X-7 or X-10. When Z is lower alkyl, methyl is preferred.
Z is preferably hydrogen.

In a compound of formula 1, wherein the group is Y-1, which is preferred
over Y-2, R22 and R93 preferably are independently hydrogen, lower alkyl,

nitro, lower alkylthio, lower alkoxy, lower alkylamino, lower alkylsulfinyl,

lower alkyl sulfonyl, lower alkanoyl, halogen, or perfluoroalkyl wherein at
least one of R22 and R23 is not hydrogen, and

R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy, lower alkylsulfonyl,
amino, nitro, halogen or a group of the formula:

NéN N
\ _/Z
—N N _Res _ Ras 9 Hos
~ W —C=N

Ros O PR or Roe

b4

wherein R25 is aryl lower alkyl and Rog 1s hydrbgen or lower alkyl,

or R99 and Ro4 taken together are a fused benzene ring.

Preferably R22 is hydrogen (when R23 is other than hydrogen), lower alkyl or
halogen. R24 is preferably hydrogen, hydroxy, lower alkylsulfonyl, lower alkyl,

. halogen, amino, nitro or lower alkoxy or a group of the formula:

N
P
T\{ A 7N .
—N /\/R25 § e Q@  Res
N N —C—N
Res 0 R o Ras

wherein R25 is unsubstituted or hydroxy-substituted phenyl lower
alkyl, and R9g is hydrogen,

or R92 and R24 taken together are a fused phenyl ring.

More preferred R,, is hydrogen, hydroxy, amino, methyl? _g:hloro, bromo, nitro,

-OCH3,.SO2CH3 and Ree is H and Ry; is
REPLACEMENT SHEET
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R23 is preferably hydrogen (when R29 is other than hydrogen), lower alkyl,
lower alkylamino, lower alkylthio, halogen, nitro, perfluoro lower alkyl, lower alkoxy, lower
alkanoyl, lower alkylsulfinyl or lower alkyl sulfonyl. R23 is more preferably

methyl, ethyl, iso-propyl, tertbutyl, '.triﬂuormethyl, chloro, bromo, fluoro,
nitro, -COCHzs, -SCH3, -SOCH3, -SO:CHjs, -NHCH3 or -OCHs.

Most preferred Y-1 is selected from the group consisting of:

CHj
Q;C”s /Ej/
HaG CHs CHa , CHs

Hs
C( ©fcl
CoHs ,
CH
ot GO
- ]
HO Cl H N Cl
|
CHg

3 : cl ©\/Br , O\Ejisr ,

?

F‘.E:’:’LAuEF% AENT SHEET




-113 -

Claims

1. A compound of the formula:

wherein:

one of X and X’ is hydrogen, halogen, or lower alkyl, the other is a group of the

formula;
Rys
ot
Fl// N—(CHp)q
wherein:

R1 is hydrogen or lower alkyl,

R;s is hydrogen, halogen, nitro, lower alkyl sulfonyl, cyano, lower alkyll OH, lower

alkoxy, lower alkoxycarbonyl carboxy; lower alkyl aminosulfonyl,
perﬂuorolower alkyl, lower alkylthio, hydroxy lower alkyl, alkoxy lower alkyl
halo lower alkyl alkylthio lower alkyl, alkylsulfinyl lower alkyl, alkylsufonyl

lower alkyl, lower alkylsulfinyl, lower alkanoyl, aroyl, aryl, aryloxy or a group of
the formula R17-C=C-,

Rie is hydrogen, halogen, nitro, cyano, lower alkyl, OH, aryloxy, perfluorolower alkyl, -
or lower alkylthio,

R17 is hydrogen, aryl, heteroaryl, or lower alkyl which is unsubstituted or
substituted by OH, aryl, or heteroaryl, and

aisOorl;

REPLAGEMENT SHEET

or one of X and X’ is a group of the formula:

A




wherein Het is a 5- or 6-membered heterocaromatic ring containing 1, 2 or 3
heteroatoms selected from N,0, and S;

or

 Het is a 9- or 10-membered bicyclic heteroaromatic ring containing 1, 2, 3
or 4 heteroatoms selected from O, S, and N,

a, R1, Ri5 and R1g are as above, and
R30 is hydrogen or lower alkyl, or is absent;

or one of X and X’ is a group of the formula:

R4

R R x10

wherein: ' N L
Rygis Hydrpgen,' Ipwer alkyl, aryl, beteroaryl, arylalkyl, heteroaryl alkyl,

R19 is lower alkyl, which is unsubstituted or substituted by one or more of
halogen, hydroxy, lower alkoxy, aryl, hetereoaryl, alkylthio, or R19 is aryl or

heteroaryl, and

R20 is lower alkyl or lower alkanoyl, or

R19 and Ry taken together are tetramethylene;
and

Y is a group of the formula:

Ro2

NN
L, REPLACEMENT SHEET
e
R4 Y-1
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Ro4 is hydrogen, hydroxy, lower alkyl; lower alkoxy, lower alkylsulfonyl,
amino, nitro, halogen or a group of the formula:

NéN\

\ |
/N_/ZN _Ras —SS?- N:F‘zs _g_N:Fizs

~N ] S
R2s 0 Ffes or Ros =

?

wherein R25 is aryl lower alkyl and R2g is hydrogen or lower alkyl,

or Rg9 and R4 taken together are a fused benzene ring.

5. A compound according to claim 4, wherein R29 is hydrogen (when R23
is other than hydrogen), lower alkyl or halogen.

6. A compound according to claimi 4 or claim 5, wherein R24 is hydrogen,

hydroxy, lower alkylsulfonyl, lower alkyl, halogen, amino, nitro or lower alkoxy or a
group of the formula:

ZAN
'\{N / Q .Rm
o N _Res _§_ 125 _g_ Ra2s
\st , O R or Rag

wherein Ro5 is unsubstituted or hydroxy-substituted phenyl lower
alkyl, and R26_ is hydrogen,

or R22 and R24 taken together are a used phenyl ring.

7. A compound according to claim 6, wherein R,, is hydrogen, hydroxy,
amino, methyl, chloro, bromo, nitro, -OCHzs, .SO2CHs and Rge is H and Ry; is

8. A compound according to any one of claims 4-7, wherein R93 is
hydrogen (when Ry, is other than hydrogen), lower alkyl, lower alkylamino, lower alkylthio,
halogen, nitro, perfluoro lower alkyl, lower alkoxy, lower alkanoyl, lower
alkylsulfinyl or lower alkyl sulfonyl.
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