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IMIDAZOLONE PHENYLALANINE DERIVATIVES AS VLA-4
ANTAGONISTS Background Of The Invention 5 Field Of The Invention
This invention relates to imidazolone phenylalanine derivatives, and in

rticular, to qmgﬁt inhibi ocyt esi '

IMI%Z’r%é%Iar,Eltelﬁ%ﬁega %ESIOI’I r%ge%%{zc}e%” %{ﬁ%;h%é 4 md[ébgrzl?ns. 1% %dRIISTS

Description of the Reé%t gArr&'ll'hS Q@_/s' ginfer{s} trilotnlgf inflammatory

leukocytes with each othe andn other cells of the body prllays an important
riPle dr regulating immype anq inflammatory responses [Springer, I. A.
4%@3#%42?%990», 6, - - Springer, I. A. Cell 76, 301, 15 (1994)]. Many of

the§e iftetdctions are nicdiatedhy speeicl ek sarace® amlecuegnine
derGQllectively referred;tg as.cell; adhgsionmolecules -These,adhesiont innibit

molecules have been sub- divided into different groups on the basis of

Leufreinstfichires ORe fahhifYy ofidd HEsion: Moleciles RRTEhGE belieddfol on

medBlay & 20,impeytant folejpgggulating immune and inflammatory
responses is the integrin family. This family of cell surface glycoproteins

De shas gtypicaldon-eevatenthytlinked:heterodimer structure. The particular
integrin subgroup of interest herein 25 involves the alpha 4 (a4) chain,
whithecaphpait with twotdifferent deta €haing betal{0d)gnd beta?c©@7¢s with

cack SRpERbeLg, & I The adpd paling acouis on A CUOUAI. - cant role
eukocytes (for example lymphocytes, monocytes and eosinophils

in aithpught itng absentrar anlyl piesehtannoteyelssaponcdatings8@ inger, T.

trophils,YLA- ry tigen -4, also referred to as, a0l integr
A gﬁalﬁggp%ng{(bC%%firgﬁ%%n ifie 85#?%?%%{ a?n'd éka%ea}?siégergggr'
(196fithé aliategrintfaniilyssf cell tsurfadelreceptors. WisAdadonsisty ofpa@ific

ce 1_%{‘%@9%‘9&%0%@&%1@@”8&1%é‘éjceﬁ% pipeal-inteqrins, all shagipg the

adhesion molecules. These adhesion molecules have been sub-

divided into different groups on the basis of their structure.
One family of adhesion molecules which is believed to play an
important role in regulating immune and inflammatory responses
is the integrin family. This family of cell surface

glycoproteins has a typical non-covalently linked heterodimer

structure.

The particular integrin subgroup of interest herein
involves the alpha 4 (a4) chain, which can pair with two

different beta chains betal (Bl) and beta7 (B7) [Sonnenberg, A.
ibid]. The «o4pfl pairing occurs on many circulating leukocytes
(for example lymphocytes, monocytes and eosinophils) although
it is absent or only present at low levels on circulating
neutrophils. VLA-4 (Very Late Antigen -4, also referred to as
o4B1 integrin and as CD49d/CD29), first identified by Hemler
and Takada' is a member of the Bl integrin family of cell
surface receptors. VLA-4 consists of an o4 chain and a 1

chain. There are at least nine (1 integrins, all sharing the
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same p1 chain and each having a distinct a chain. These nine receptors
all bind a different complement of the various cell matrix molecules, such
as fibronectin, laminin, and collagen. VLA-4, for example, binds to

fibronectin. VLA-4 also binds 5 non-matrjx malecules that are expressed _ .
S A T e R it e kb RS
recmptecute edlledo Madcalap CefleAdhesiarMolecuerd (of VOAM:1g whicksisce 11
matfr‘?t%‘%@&’e%ﬁe lated on endaothelial cells at;sites of; 10 inflammation | o
[rOs orne, L. Cell, 62, 3 (1990)]. VCAM-1 is a non-matrix molecule which
VLAjs%an éxpressedireceptdrithdssistbelfeMedandsetresponsiblefor arafficking ds

nonlSHKQGMES ke dhe, jcential nervos system (CNS) AR, R3S Alsosheen, 4

shown to bind to at least three sites in the matrix molecule fibronectin 15
othpurAghries; M. J. et al. Ciba Foundation Symposium, 189, 177, (1995)].

Distinct epitopes of VLA-4 are responsible for the fibronectin and VCAM-1
bindirfy dctittied lantPé&chrias bBéR dferhbnstrated 16 Bedndépsetitiently called

vasighibited:Basedipp data ehtained witht mpgeclenakantibagies-in animal
models it is 20 believed that the interaction between a4pl and ligands on

Fregingr tklis Hndthe extrateindar MAtBcpays an irpotantioleites of

infleskeeyte snignatigpand-activation [Yedmogk, 3. A.1etal) Natureaidst, 63, a
(1992). The integrin generated by the pairing of a4 and 07 has 25 been

“O%E%Eﬁllfbmlfﬁ%%m‘éﬂﬁ?@ and WRISSHRAT 1 SEMBG §eB 47354t 18

be 1{1989)] andl like adpk@aniineg tadYCAMdrand fibionettndoagddition, @do the

Cen%zfginds to an adhesu%n mol(eccﬁués bellgkﬁd to be i volveqd in the homin

of l6UkOEYLES T’ mut s al tissue terme AHBAM: Betlin; .Se}tl%wrbe%ﬁ bind
to a4, 185 30 (1998Y. Ehe éteractiohdetweeri adps sadMAJEAM-Armay in
o T e s o it 177,
(19%%ediated by MlrAcd ardidtheeeelbf VLA-4 are responsible for the
fibronectin and VCAM-1 binding activities and each has been
demonstrated to be independently inhibited.? Based on data
obtained with monoclonal antibodies in animal models it is
believed that the interaction between a4l and ligands on other
cells and the extracellular matrix plays an important role in
leukocyte migration and activation [Yednock, T. A. et al,

Nature, 356, ©3, (1992).

The integrin generated by the pairing of a4 and B7 has
been termed LPAM-1 [Holzmann, B and Weissman, I. EMBO J. 8,
1735, (1989)] and like o4pl, can bind to VCAM-1 and
fibronectin. In addition, a4 B7 binds to an adhesion molecule
believed to be involved in the homing of leukocytes to mucosal
tissue termed MAdCAM-1 [Berlin, C. et al. Cell, 74, 185,
(1993)]1. The interaction between o4p7 and MAJCAM-1 may also be
important at sites of inflammation outside of mucosal tissue

[Yang, X-D. et al. PNAS, 91, 12604 (1994)].

Intercellular adhesion mediated by VLA-4 and other cell
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-2 surface receptors is associated with a number of inflammatory
responses. At the site of an injury or other inflammatory stimuli, activated
vascular endothelial cells express molecules that are adhesive for
Igukocytes. The mechanics of Ieukgc&te 5 Qghesion t endol;ﬁhelialfq_ells
Sur. acle receg OﬁS 1S assoCla eb all a ﬁlum%fer O 1 ammatory
involve, In part, the recognition ‘and binding of cell surface receptors on
resleokeeydes téthet lcerrespendifng zell surface nmotecules onientbdheliat ory
stifElB O“&Sﬁ%é]gﬁﬁ“ev@%ﬁ%%s '8%%%@?503?? tQSPi%OdeY%%%S&é WAl ot cyies

enter the injure e and release chemical mediators to 10 combat
thajpfectiona Fbemviews of adisesionr véseptorsBfehasmimuie systém, segocyte

adn{Of £XAMPle. SRINgeLs and Qsborad.; Jpflanypatory bﬁ%ﬁ?tdisoéﬂérsfé%%nition

as multiple sclerosis (MS), meningitis, encephalitis, and a disease mode
andcdlfed experirhetal Aubihnife arcephaiomydlitis (EAR) carecexdmplese

coryégﬂgﬂaﬂﬂ ‘%¥QH$%ﬂ%%@d@sﬁgfg%E@@@mgﬁh%ndothelial cells.
endothelium/leukocyte adhesion mechanism results in destruction to

OncatheRMRE helltfy braik UissGE SLaTG8 Tirfoets Bt feukeegtes! Afigratessel wall
to @cress the blopdpranbarties(BBR) Rsubieds wilhinthese inBammaley to

diseases. The leukocytes release toxic 20 mediators that cause extensive

comgaitdamage ahd teath Pésuiting- §if impairéd heReCondtcion ahd ©f the

immRAlYs|ss Simjlaseecurenees xingncephalitis ane pieningitis dpdicate, that
these diseases can be treated with suitable cell adhesion inhibitors. In
othen elgamsystemsptissite damagelalso,ocouss viasamZbraghesicitlerosis

mechanism resulting in migration _ar activation of  leukocytes. Fo
(M3 R tory BORBF ATSSASe s THeIdiAg LS St dotitis S
expErahmes: distase); aienati leastpastiallylcauged Hyileukacyie traffickingcamples
across ttle intestinal endo{hellugn via a@€§4 07 mtegalcctg)n \?{Ith MadCAM

of and 6%05@%@7 a4 01 fteraction with Aﬁvl-]lne%qpresse(} h this tissue

endag vell i Asthheab<8 crhesinzatoielsdrthritisd 8:2lrahgtissaeuttansplandest ruction
to E)e‘i%ce'[@vgggear%ggf@%lf/g@rtg{]gv%fggnlpeo.nenﬂsagg%ednumbers of leukocytes
migrate across the blood brain barrier (BBB) in subjects with
these inflammatory diseases. The leukocytes release toxic
mediators that cause extensive cell damage and death resulting
in impaired nerve conduction and paralysis. Similar occurrences

in encephalitis and meningitis indicate that these diseases can

be treated with suitable cell adhesion inhibitors.

In other organ systems, tissue damage also occurs via an
adhesion mechanism resulting in migration or activation of
leukocytes. For example, inflammatory bowel disease®
(including ulcerative colitis and Crohn's disease), are at

least partially caused by leukocyte trafficking across the
intestinal endothelium via an a4 7 interaction with MadCAM and

possibly a4 Bl interaction with VCAM-1 expressed in this tissue

8

as well. Asthma®®, rheumatoid arthritis!®?!

and tissue

transplant rejection®” are all thought to have components based

in interaction of a4 Bl with VCAM-1 and/or fibronectin,
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in interaction of a4 01 with VCAM-1 and/or fibronectin, -3 probably both. it

has been shown that the initial insult following myocardial (heart tissue)

ischemia can be further complicated by leukocyte entry to the injured
profiSe.cusing st fyrtherinury (Yedder el 8l.5). Other, nflammatory,or 5

medical conditions mediate %y an adhesion moleculé mechanism
folihcludey by yayeofded@amplecAlzheimersidiseasgshemia can be further

therosclerogiso10AIRS dementiall, diabete12-14 (including acute .,

““MUvenile onsetl%iabetes, thmor meta%tasalo223-28, strjolée, and other o9
st iddrebrat thaemas) ephiritiy adtinitis catopit-10 derfatits; psofiasisnangry or
meqdcule leukoeytermediated lung.iniyry. Sych,as that which,eeeursdn adult 1 5r
~ respiratory distress syndrome. Two groups of VLA-4 antagonists showing
incgrgntise A% antiy irfflansiattry agehtsds theelass of seRaMgated-Pro-Phe

atndnd <15 pyrimidinylPhe, eempgupds, as a?Et,fO&@a'lBefQé example; HeS.14ing
Patent Nos. 6,489,300 and 6,492,372 respectively.31 These compounds
ACUAfRe Ve poterft dPEgoniSts TP ARE4/NCANIEL Biteifg: 24 SUMMAR Y IOBS /
and! HEHAVENTION Thiscipyention pravidesicompounds;whichdind 1o,p5 ¢
VLA-4. This invention provides compounds exhibiting VLA-4 antagonistic
dergiatggerfies FStEh €ohpourdsicdrr BE ©ista L or eXample o Hssdy forte NI ury
suchresgnee of VIiiAi4in a sample and drpharmacguticak cempositionsde
inhibit cellular adhesion mediated by VLA-4, for example, binding of
SYPGEARR1 to VLA-4. Preferred compounds of this invention have a binding
affipity to VLA-4 as ssed by 10 an JC50 of about 15 pM or.less (as .
menircH SuRG (R ploRaduras HRSeHbad in EXSHBIoA BoIdt) T e 21"
infaspect tibe jnerdiongrogides conipotnds Of farhfula vl 2RR~-R20QPhe and

pyrimidinyl-Phe compounds as set forth in, for example, U.S.
Patent Nos. 6,489,300 and 6,492,372 respectively.ﬁ' These

compounds are very potent antagonists of VLA-4/VCAM-1 binding.
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N"124 R9 (CH2)n\ ~R23 A-N C(O)R5 151 and pharmaceutically

acceptable salts thereof, wherein A is -H, optionally substituted aryl,

optionally substituted heteroaryl or the group -C(X)D(R3)Z, wherein D is a

carbon atom (when part of a substituted aryl or substituted 20 heteroaryl),

CH, N or 0, with the proviso that if D is oxygen, then Z is not present; Z is

-H, -NO2, haloalkyl or the group N(YR)R2 where Y is a covalent bond,

-C(O) or -S02-, R1 is RUMYRE 5 (@l i

'nd‘?H%d%@WM%&e%@bP@@Qn@&n%%%ﬁ'&éte@ﬁ@gmPﬁ@r%hﬁﬁA 4.

C,- Coalkyl, optionally substituted cycloalkyl, optionally substituted aryl,
Thigptighafy 'supstittstl HetsroEpelie bttt ostiohahy 'stibstitVitde Hetefdargpnistic
proﬁ%WB@@%nOp@@@ﬂségﬁwgﬂﬁﬁ%agéhaMEE&aég 6@&N'é§§%§1@mkﬂ® assay

and R2 is hydrogen or R", X is selected from the group consisting of

Forokyend s & CRRA 4hd NRA \hetaitPRE iS04, alRy ot stbsfititéd ©2 1

com@lkyli R348 hiydeogem alkyl substituted-abyrh yclealkyk dsuhstituteg via-4,
cycloalkyl, aryl, substituted a \yl heteroaryl, substituted heteroaryl,

forp&e fre, SrbStifited hetéoeyclic of 10T, R3 BREF togethertBrrnds of

thia hetereeyclisroriaasubsiitiied dhetgrocyelie gropps avherainsaid getressed by

contains 1, 2, or 3 heteroatoms selected from 0, N, and S; or
an ICsy of about 15 UM or less (as measured using the

procedures described in Example A below) .

In one aspect, the invention provides compounds of formula

22
Q

e

J
(CHz)n\/\ 23
PO
AH C(O)R®

I
and pharmaceutically acceptable salts thereof, wherein
A is —-H, optionally substituted aryl, optionally
substituted heterocaryl or the group -C(X)D(R*)Z, wherein D is a
carbon atom (when part of a substituted aryl or substituted
heteroaryl), CH, N or O, with the proviso that if D is oxygen,
then 72 is not present;
Zz is —-H, -NO,, haloalkyl or the group -N (YR') R® where
Y is a covalent bond, -C(O)- or -S0,-,
R' is Ry, N(Ry)z, or —ORy, where
each RY is independently hydrogen, an
optionally substituted straight or branched Ci;-
Cealkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted

heterocyclic or an optionally substituted heterocaryl,
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X, D and R3 together with the carbon atom carrying D and X form an
optionally substituted carbocyclic or optionally 15 substituted heterocyclic
group, wherein said heterocyclic group contains 1, 2, or 3 heteroatoms
selected from 0, N, and.S; R3 and R4 together with the nifrogen atom .
pound to RS thes A o0 a0 Bero RS fornt s hetSaeyate of
substituteeehétgrocyclic group lwhiéreimsdid group contains 1, 20 2, or 3

heteroatoms seI%Qteiderg‘ O!%e%ndoj?; R5 Is selected from the group
consisting of amino, substituted amino, alkoxy, substituted alkoxy,

cy@ﬁoaﬂl&yl@ﬁ},es@l@ﬁit@té@_lmytmll@myp aq@@q@@ﬁd@%@tﬁut@@m@xy,sul fur,
CHR{a}”%né?'ﬁRZ? nJis-anan integer from 119 45 Q is a group of the formula, .

'z'z,,NYN,R6 0 v wherein G is an optionally substituted aryl or

optionally BulsstRaiRd hetdroatyl 55616 Fdmberédaing’ Bo contdinmbv o

sub3 Pitrogens; and 1@5%51',4, alkyl, substitted alkyl; o5 TGH2G(OIRT o4 ry 1,
wherein R7 is -OH, -OR8, or -NHRS8 wherein R8 is alkyl, substituted alkyl,
subgiyl bPEGIStRGEATEIE R21, R22SR23Y Ghd R24 dreSHBE Ny

het@qjg@@gjg@ thg- 5 group consisting of hydrogen, -C1-C3alkyl,
-OC1-C3alkyl and haé%%en. The invention also provides pharmaceutical
corpoSiticHs whidtPesihpRge, for BxampRt aptarmateufidally sSupstituted

he taceepiable ccarignhand @cormpeunshetihgdaventionaramixtures therest: 3
10 The invention also provides methods for treating a disease mediated,

hetareasaNDait by IASA 45A Apdtiert 'whitH néthdd comprises

administering artherapeitically effeetivehamenntofa atom carrying D and X
form an optionally substituted carbocyclic or optionally
substituted heterocyclic group, wherein said heterocyclic group
contains 1, 2, or 3 heteroatoms selected from O, N, and S;

R® and R* together with the nitrogen atom bound to R* and
the carbon atom bound to R® form a heterocyclic or a
substituted heterocyclic group, wherein said group contains 1,
2, or 3 hetercatoms selected from O, N, and S;

R’ is selected from the group consisting of amino,
substituted amino, alkoxy, substituted alkoxy, cycloalkyloxy,
substituted cycloalkyloxy, aryloxy and substituted aryloxy, and
-0H;

n is 0 or an integer from 1 to 4;

Q is a group of the formula V

o

E/NYN\Re

O v

wherein G is an optionally substituted aryl or
optionally substituted heterocaryl 5 or 6 membered ring

containing 0 to 3 nitrogens; and
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compound of the invention, or a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a compound 15 of the invention
or mixtures thereof. The invention also includes the use of a compound of

the inventjen, and pharmaceutically acceptable salts thereof, fo 7
manufact#re %fs a m%digamr%gﬁt’fo?ﬂég %nl;%rlelgtelﬁ% a c}fgeﬁ]dseorrnedﬁleﬁgg ,(%% R
leashinmairty By VLA-4 #Ha patiéit. 20rThaldampoundsiandR’® is alkyl,
phasr ac H{i %I comp 'tions m ¥bg us gcﬁrggtc i&eg§ Eonditions
med%e? at least in part, bg %ﬁ?A 4°0r leu ocyte ad%esion?lsbch disease
cortfition8’inclidé, bypnwakof exaenpledastante Aizheimel's dissdsérom the

gro%?e{:‘&ﬁ%%@%ifng“!?? demmentia diabetes(ingluding acyte juvenile gnsety
25 diabetes), inflammatory bowel disease (including ulcerative colitis and
halegshn's disease), multiple sclerosis, rheumatoid arthritis, tissue

transplantation, tumor metastasis, meningitis, encephalitis, stroke, and
oth&P Berebrartraiitias, L AEpAtiRY +eliitis 'Siogren discade, HtopieSLt1ons
whidernaitisy 3@ Psorasis cmyaeardial ischemia e AClR 11y acceptable
leukocyte-mediated lung injury such as that which occurs in adult
cariekpirafty distreS8syHtitome. Bifierdigeade-eondifios whithamay bereor -
treated using -7 compounds and compositions of thg resent invention .
inclt ,%%Yg%?ethiifllir%i]té&’ t&, iRtflal %%t@r?/tc%%%ﬁioné)rsu‘&ﬁeaastJe?ﬁhé‘m%lSease

mednedesiym zallergie conjunctivitis,, optic NELXIIS, itveiispaliergiccrhinitis,ch method

cori9losing spondylis, psoriatie & anhris, vasayiie, Reflers syndrome - o
gys emic lupus eryt ematosds, progrepsswe systemic sclerosis,

compolymyosifis £ ldermatemyaositis, Wegretshgranatomatosis] aoritispsition

conf¥EQId0siS, ymphaeyionenia. Jemporal arlerilis, Rercails, Myoeardils, o ung
ongestive %e rtafalTure, pol§/arter| s nodosa, 1 lhypersensmvity

of syrmramesnaliergy chyperassinephili¢. ssymdfomes, Churg-Strauss

syndrome, chronic obstructive
The invention also includes the use of a compound of the

invention, and pharmaceutically acceptable salts thereof, for
the manufacture of a medicament for use in treating a disease

mediated, at least in part, by VLA-4 in a patient.

The compounds and pharmaceutical compositions may be used
to treat disease conditions mediated, at least in part, by VLA-
4 or leukocyte adhesion. Such disease conditions include, by
way of example, asthma, Alzheimer's disease, atherosclerosis,
AIDS dementia, diabetes (including acute juvenile onset
diabetes), inflammatory bowel disease (including ulcerative
colitis and Crohn's disease), multiple sclerosis, rheumatoid
arthritis, tissue transplantation, tumor metastasis,
meningitis, encephalitis, stroke, and other cerebral traumas,
nephritis, retinitis, Sjogren's disease, atopic dermatitis,
psoriasis, myocardial ischemia and acute leukocyte-mediated
lung injury such as that which occurs in adult respiratory

distress syndrome.

Other disease conditions which may be treated using

-7 -
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pulmonary disease, hypersensitivity pneumonitis, chronic active hepatitis,
interstitial cystitis, autoimmune endocrine failure, primary biliary cirrhosis,
autoimmune aplastic anemia, chronic 15 persistent hepatitis and

thyroiditis. Preferably, the compounds and pharmaceutically, compositions
St st ettt e Sl S
butarhmdtisiand muttiple dclerosis.nAd tonrthis datteradisetse] tes compobunds of
this.invention, ngr.only 20.pravide an antiinflapmatory sfiestwhen ,; .
eryadne"llﬁl%{steré%gjin \E?\? %)ut?%;%\er ficr"i‘ocrfh se in treating ¢ no’%tl%on% and 0
uvediseases: bssociatedrwith demsyelination. Schienigvemiordalso previdesoriatic

artMethods ofpreparng the compoupds 05,9?1%1%&8“0%89%'&% lupus
intermediates used in those 25 methods. -8 DETAILE DECRIPTIOpN OF

er YTHENNVENTIO N ARHRES abhove Nhissiiventiohl provities carRpotlineasaft 1s,
de riREmYIR L Compoungs of Formula L inhibit leukagyte aghesiop; 8 and, in

particular, leukocyte adhesion mediated, at least in part, by VLA-4. o
sarprefeiréd are CERIPOBRUS OP fotrda FRRBRSIA A RTH SGptiohally pericarditis,

myosustituted alkyh,Qptiopally. substituted eyelealkyl, opyanallysubstittedosa,
aryl, optionally 10 substituted heteroaryl or optionally substituted acyl; n is
NYPg iftegerftor 03 SRDIIRPE SR23 Lafd R4 arékiRdésehtently) selected

synfiemntbe , groupcensisting 0f hydregesnC1C3alkyl - QG EG3atkyl ad
halogen; and 15 Q is a group of the formula 'V, P 'z'z,,NYN,R6 0V G.is _
PULBR BptiEn Ay S bt BRI B optibndilyy pneumonitis, chronic active

hepatitis, interstitial cystitis, autoimmune endocrine failure,
primary biliary cirrhosis, autoimmune aplastic anemia, chronic

persistent hepatitis and thyroiditis.

Preferably, the compounds and pharmaceutically
compositions of this invention are used in methods for treating
asthma, rheumatoid arthritis and multiple sclerosis. As to
this latter disease, the compounds of this invention not only
provide an anti-inflammatory effect when administered in vivo
but further find use in treating conditions and diseases

associated with demyelination.

The invention also provides methods of preparing the
compounds of the invention and the intermediates used in those

methods.
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substituted heteroaryl 5 or 6 membered ring containing 0 20 to 3

nitrogens; and R6 is -H, alkyl, substituted alkyl, -CH2C(O)R7 wherein R7

is -OH, -ORB, -NHR8 wherein R8 is alkyl, substituted alkyl, aryl or

substituted aryl. 25 Other preferred compounds of formula | include

compounds where A is selected from the group: -9 O N N N O Other

preferred compounds of formula I mclude compounds 5 where Q is

selected from theTgké 56 GENEN RIS NN H

NYNH iDL <NNH <NANH tpmge%t% NS, U NN £

JN.NH NfNH NyNH HOOO~O00O N/NNNNN\VN/77R \IN11_ INH
Forpyi IN~NFPERIYALSN NH FORD 670 D widreiniRe6 98 hydrogenasthes ton
andstraightarhranghed Cl:ealkyl, randi R £ 43 bydregenzhalggenOricast in

straight or branched C1- C6alkoxy. 10 Still other preferred compounds of
Pargqmiyia\ificidde those where R6 is hydrogen or substituted alkyl. More

preferablyR6 dsdydregeipernalkyl stibstituted withramineraminocarbonyl,

C1-
A is H, optionally substituted alkyl, optionally

substituted cycloalkyl, optionally substituted aryl, optionally
substituted hetercaryl or optionally substituted acyl;

n is an integer from 0-3;

R?', R??, R?’, and R?* are independently selected from the
group consisting of hydrogen, -C;-Czalkyl, -0C;-Csalkyl and
halogen; and

Q is a group of the formula V,

(o)

i‘z/N\n/N\RG

O \Y;

G is an optionally substituted aryl or optionally
substituted heteroaryl 5 or 6 membered ring containing 0
to 3 nitrogens; and

R® is -H, alkyl, substituted alkyl, -CH,C(O)R’ wherein
R’ is -0H, -OR®?, -NHR? wherein R? is alkyl, substituted

alkyl, aryl or substituted aryl.

Other preferred compounds of formula I include compounds

where A is selected from the group:



5

10

15

C4 alkoxy(C1-C4)alkylaminocarbonyl, hydroxy(C1 C4)
alkylaminocarbonyl, or aminoalkoxyalkoxyalkyl. 15 -10 Still other
preferred compounds of formula | include compounds of formulas la and
Ib: PP NuN'R6/1DMyN'R6 O O RAN\ O 3 Hf R3JI\—|~,,.. Ra H Y\
R2,N.YR1 O R1YZN, B2 O la IbNE where in fomfalah, R2 and R3

together with the an the| arkpn atom bound
eterocyclic gboup, and said

to R3 form a heterocyclicsor a subsfitute
cyclic group 10 contains 1, 2, or 3 heteroatoms selected from 0, N, and S;

and in formula Ib, R3 and R4 together with the nitrogen atom bound to R4
and the carbon atorgzhound to R3 fgmn a heterocyclig’ or a substituted
heterocyclic group, andl aid cycli gr 15 Cc ip81, 2, or3

heteroatoms seled}t é—é ﬁgfi furth ﬁn formula la

and formula Ib are optionally substltuted n any ring atem or position

capable of substitution, with 1-5, preferably 1-3 substituents selected

from the group consisting of alkyl, substituted alkyl, alkoxy, 20 substituted
alkoxy, acyl, acylamino, thiocarbonylamino, acyloxy, amino, substituted
amino, amidino, alkyl amidino, thioamidjno, aminoac

amitiotaf aﬁﬁﬁfaedarﬁ?faﬂ%@grﬁoﬁﬁaﬁﬁﬁ@u&rﬁ.nﬁcam%%%%y?amounds

whesubsiitutedselected from the group:

RGG
RGG N |{l
N/\N/ R66— AN REE—NT D N’ SAN
— H — \ | _
NH NH NH NH
1 G G G T G (
o} o} o '’ o '’ o '
/\ N O /\
>__< >——< — \ —_
NH N NH N NH N_ NH N. NH

wherein R°® is hydrogen or straight or branched Ci;-Csalkyl;
and R'" is hydrogen, halogen or straight or branched C;-
Cealkoxy.

Still other preferred compounds of Formula I include those
where R° is hydrogen or substituted alkyl. More preferably R
is hydrogen or alkyl substituted with amino, aminocarbonyl, Ci-
Cy; alkoxy(Ci-Cy)alkylaminocarbonyl, hydroxy (Ci-

Cy4)alkylaminocarbonyl, or aminocalkoxyalkoxyalkyl.
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aryl, aryloxy, substituted aryloxy, aryloxyaryl, substituted 25 aryloxyaryl,
cyano, halogen, hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted
cycloalkyl, guanidino, guanidinosulfone, thiol, thioalkyl, substituted
thiqalkyl,, thiparyl, substituted thioaryl, thiocycloalkyl, substituted.-11
OSBRI Bl ShT b TSy Boneeraart Tiohoedie
comgubstitited thibheterdeyli€¢ cheterbaryl; substituted heteroaryl,
heterocyclic, substituted heterocyclic, cycloalkyloxy, substituted
cycloalkyloxy, heteroaryl b substituted heteroaryloxy, heterocycl,
substituted heterocyclylgxy,oxycarbonylamino, oxythiocarbonylamino, =
Nsubtityted alkyl, --OS (O)2-aryl, -- N _N-g6
aryl, --IDS (0)2-heteroaryl, --OS(0)2- s

heteroaryl, --Q3 hete@cyclic, --OS(0)2 Isubstitutedy ocycl,
--050%2- R where each R is independently hy ogenfor alkyl,
RARSIQ)2-alkyl, RRRS (0) 2- substituted @iy, --NRSID)2-aRt

stituted aryl, --NRS(O)2-heteroaryl, HNRSO)Z-substituted
etbkogry], -- NRS(O)2-heterocyclic, --N%@@)ﬂ stitute@ heterocyclic, -
5 NRS(0)2--NR-alkyl, --NRS(0)2--NR-substituted alkyl, --NRS(O)2--
NR-aryl, -INRS(0O)2--NR-substituted aryl, --NRS(O)2--NR1 heteroaryl,
--NRS(0)2--NR-substituted heteroaryl, --NRS(O)2-- NR-heterocyclic,
--NRS(0)2--NR-substituted heterocyclic where R is hydrogen or alkyl,
whex=N[S(0)--R"2 and --N[S(O)2--NR'12 where 20 each R' is independently
Sel%%tegofr(%nmﬂlae nglurheog%gtlﬁg %foglkghesgb%tlt%]edt%”e(ylhagl!ﬂo en atom
substituted aryl, heteroaryl, substitute %eteroaryjf, eterocyclic an
bousybstitutBd dreterdeyclica Preferretazonygourtistef fBrmdladinelutieterocyclic

or %Q@BB%@*%Q&@EfHQEQ@AtyEfQSTXEaBp, and said cyclic group

contains 1, 2, or 3 heteroatoms selected from O, N, and S;

and

in formula Ib, R’ and R® together with the nitrogen atom
bound to R? and the carbon atom bound to R’ form a heterocyclic
or a substituted heterocyclic group, and said cyclic group
contains 1, 2, or 3 heteroatoms selected from O, N, and S;

and further wherein formula Ia and formula Ib are
optionally substituted, on any ring atom or position capable of
substitution, with 1-5, preferably 1-3 substituents selected
from the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoxy, acyl, acylamino, thiocarbonylamino,
acyloxy, amino, substituted amino, amidino, alkyl amidino,
thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted
aryl, aryloxy, substituted aryloxy, aryloxyaryl, substituted
aryloxyaryl, cyano, halogen, hydroxyl, nitro, oxo, carboxyl,
cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thioalkyl,
thioaryl, substituted thiocaryl, thiocycloalkyl, substituted

_11_
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HI,, R5 R13HN O Il -12 and pharmaceutically acceptable salts thereof,
wherein R13 is - H, the group -C(O)OR13', optionally substituted
cycloalkyl, optionally substituted aryl, or optionally substituted heteroaryl;

thlg) gvhcefeln %1% is ﬁ |onaIE>/ subsfltuted alké/l cep&:onajc}/] sq?s%tutedgsyl

, or an o ionally substitu oary group referred compoun
thi@ﬁfenﬁutacliaqﬁlalude wtrq:iaundseeﬂ IO forirertae Hh NRVL Ney NaRts=1RI02S 1,

subgthll.lltlgldf % SCT E!}Qrghan%gpggg é]%%!fzglly Qﬁ%%%sql%%t%g%re&gcycllc,

wherein R1 is se ected rom the group consisting of a stltuteg
cycalkyll KuBLaryy, substittitad syt cyeloaliod, 1substitiited h?élﬁan@rlryl OXY,

sub'%“‘tt%%‘:é’&!ﬁc rbibstitied, heterocyglic heferoary ?Jll%/ subspited ;req

heteroaryl. Preferred compounds of Formula 11°i e those where R6 is

hetryreyen vt Stilistitatedcalklo Moké preferabshi vk RDsoHIpomtsegfino, —-
os (697mylaN,1R6 is hydregenonalkyl sypstituted, with hydsexyhalggen, - -

amino, amlnocarbonyl Cl-C4 aIkoxy(Cl C4) alkylamlnocarbonyl,

0S ( ﬁydro&%@f@ﬁﬁﬁlﬁﬁaﬁﬁﬁéaar‘boﬁﬁl B amioaloidEtkoxyalkyl ( Other
subBreferred gompesnds of Formulad| include those. 48 where Y iss 562~
sub%%ggﬂgg hgg g?éi?égggjnngggii—NRR where each R is
independently hydrogen or alkyl, --NRS(O),-alkyl, --NRS(O),-
substituted alkyl, --NRS(O).,-aryl, —--NRS(O).-substituted aryl,
--NRS (0) ,~heterocaryl, --NRS(O).,-substituted heteroaryl, --

NRS (O) ,—heterocyclic, --NRS(O),-substituted heterocyclic, --
NRS (O) ,—-NR-alkyl, --NRS(O),--NR-substituted alkyl, --NRS(O),—-
NR-aryl, --NRS(O),--NR-substituted aryl, —--NRS(O),--NR-
heteroaryl, --NRS(0O),--NR-substituted heteroaryl, --NRS(QO),—-
NR-heterocyclic, —--NRS(O),--NR-substituted heterocyclic where R
is hydrogen or alkyl, —--N[S(0O)--R'], and --N[S(0O),--NR'], where
each R' is independently selected from the group consisting of
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl,
substituted hetercaryl, heterocyclic and substituted

heterocyclic.

Preferred compounds of formula I include compounds of

N ~R6
T

formula II

IT
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heteroaryl group having at least one nitrogen atom, each of which is

optionally substituted with halogen, hydroxy, C1-C6 -13 alkoxy, C,-C6

alkyl, nitro, trifluoromethyl, amino, mono- or di(C,-C6)alkylamino,

amino(C,-C6)alkyl -C6 acyl, C2-C6 acylaming, or amino(C,-C6)acyl.1s . =
Sy s S0P b LR i omnseity BbScat s~ &2
H, halegemdwdrogy( @ ERCE,alkyCoChldlkoxyinitia, trifiectometiylalkyl,
opt%’BH‘aozi‘“o'};‘%ib‘?ét@é%fg@%!‘é%m'%% IQ?&%"CI\?{?I%?)%%Q%%%’

C2-C6 gcy amino, or amino(C,-C6)acyl. Particularly pre erred
hetegmpoudds of Formula Il include those where Y is -SO2- and R1 is

pyrigyl pptignally supstituted with (3,566 alkyl, iydroxy. . 10 halagen, GCona11y

alkoxy, nitro, trifluoromethyl, amino, or mono- or di(C,-C6)alkylamino.
subpfeféited Sompounds Bf forniitd e Tiaclhde eBhpouhds D forahaa PrrNL
groupRIINYN-R6 N"'NO Y'NR12Ho IV 15 and pharmaceutically

acceptable salts thereof, wherein R" is - H, Rill, -NH2, -NHRIIf or -N (RII)

2, -NC3-Cécyclic, -OR11", -SR", wherein each Rill is independently an

optionafly substituted straight o branched-C.r&6alkyh epEORNounds of

substituted C3- C6cycloalkyl, optionally substituted aryl, optionally 20
Lorgyystittéd heteroaryl, and R12 is -H, -NO2, haloalky! or the group

-N(YR1)R2 wherein Y is a covalent bond, -C(0)- 02-, R1is R1f,

N(RIf)2, or -OR", wherein each R" is independemily hygrogen, an

optionally 25 substituted straight or branched C,-

substituted cycloalkyl, optionally substituted aryl ptiqqgll A

ITT

and pharmaceutically acceptable salts thereof, wherein R! is
selected from the group consisting of alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heterocyclic, substituted heterocyclic, heteroaryl and
substituted heterocaryl.

Preferred compounds of Formula II include those where R®
is hydrogen or substituted alkyl. More preferably, in
compounds of Formula II, Rg¢ is hydrogen or alkyl substituted
with hydroxy, halogen, amino, aminocarbonyl, C;-C; alkoxy(Ci-
Cys)alkylaminocarbonyl, hydroxy(C:-C4)alkylaminocarbonyl, or
aminocalkoxyalkoxyalkyl.

Other preferred compounds of Formula II include those
where Y is -S0,-; and R' is phenyl or a 5- or 6-membered
heteroaryl group having at least one nitrogen atom, each of

which is optionally substituted with halogen, hydroxy, Ci1-Cs

_13_
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substituted heterocyclic or an optionally substituted -14 heteroaryl,
wherein optional substitutions are halide, C1-C- 6alkyl, -OC1-C6alkyl, and
R2 is hydrogen or R1. 5 Preferred compounds of Formula IV include those

Where 6 h n or bstltuted I, Mo referabl
rﬁbouﬁdgS of ti<r‘\?f la R}SER;@ s hydlrgg%{n or aik g&tﬂst%ﬁea “with amino,
ﬁydﬁbod)@hmmlaoarbonyla@in@4 @Jlk@xy(&‘lle&) awmlmqalborﬁ‘yl Ce

acy'i ‘?F(Q%%(Clo?‘%%k)é 'E?"konga‘i’@%’\!} |?1rclu %‘%}@5&‘& xyalyl, Othep, _ 5ng

pre erred compounds a ere IS amino or
R mrmym@Ktloes)mmémmcﬁm@mmrsedwmzlml@mhkylhmdv:@xy, Ci-

Ce Q!’L‘?J?ﬁab'%t”f@‘o@fk%@%m%ﬁ' rSUll other Prefeled GAMPOUNASOf, mono- or

Formul'al are those 15 where R is amino or mono- or
1 (Hi(Ca-CBIakylamine, artimRI2 (SN Y RIFRD; whereey 48 v302Cor CEO-;

acy’ﬂr&é 29 ,C.zG6 alkyl optionally substitutes.with halogen,, hypraxy, L6

alkoxy, amino, or mono- or di(C,- C6)alkylamino; or phenyl or a 5- or

CompeHEABerel ﬁété?ﬁ%@r?l Eontairing afRasPEAE nitfsyen, Back of ich 7d R
is &3 ephgnallysubstiied withhalogen, hydraxyn G1Ce alkylk ¢1-C6.8lkexky,

C3-C7 cycloalkyl, amino, nitro, trifluoromethyl, or mono- or
haléﬂ‘@énC6§ark9Farﬁﬂﬁ%OéMd Fé?FsrﬁydﬁbﬁéﬁléoE‘@&Wﬂrrc?%%%loamy{“ono‘

or Breferred,R10roupsWithin Formuleclyy &d iscHbeliled alkyl eptionally 1b
substituted with halogen, hydroxy, C,-C6 alkoxy, amino, or mono- or

inc&ﬁ§eC%33R@Eﬁﬁ 5 'formula IV:

N\ /
N N~p6
Rll R
T A

@)

v

and pharmaceutically acceptable salts thereof, wherein R'! is -
H, R"', -NH,, -NHR' or -N(R'Y),, -NC3;-Cecyclic, -OR™", -sr'',
wherein each R'' is independently an optionally substituted
straight or branched C;-Cgalkyl, optionally substituted Cs-
Cescycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl,

and R'Y is -H, -NO,, haloalkyl or the group -N(YR')R?
wherein Y is a covalent bond, -C(0)- or -SO0,-, R! is Ry,
N(R'),, or -OR',

wherein each R' is independently hydrogen, an optionally
substituted straight or branched C;-Csalkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally

substituted heterocyclic or an optionally substituted

_14_
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pyridyl or pyrimidinyl, each of which is optionally substituted with halogen,
hydroxy, C1-C3 -15 alkyl, C1-C3 alkoxy, amino, or mono- or di(C1-
C4)alkylamino; and R2 is hydrogen, C1-C4alkyl, or C3-C7cycloalkyl. 5 A

more

are

relferr% éA‘r roup |ntc§)(rjnrpoi.mds of Flc){rggllaolnlg: RII C\

12
hetﬁéﬁﬁlﬁg A 1" Another more prefaerresdu,ESgFoup in compoundshgil%&?ﬁulg
sallsy R11-NC:RQ2 Fosmula A.2. 10 Still another more preferred A group in

compau dsiosf Eg}@%lgér'{s:o@l%leN R12 Formula A.3. Still another

more preferred A"grou

Formula A.4. Still another more preferred A group in compounds of

FOW?&&@%BEHO&&J%@’ '%%@?M!ﬁé?vs%%ﬂq}aér MNOLCe where R®

preferred A group in compounds of 20 Formula | is:

is hydrogen or substituted alkyl.

More preferably, in

i7C"

in compounds of Formula |is: R11 r/~* N 15 R12

compounds of Formula IV, Rg is hydrogen or alkyl substituted

with

Cs)alkylaminocarbonyl,

amino

amino, hydroxy, aminocarbonyl, C;-C; alkoxy(Ci-—

alkoxyalkoxyalkyl.

hydroxy (C1-C4) alkylaminocarbonyl,

or

Other preferred compounds of Formula IV include those

where R!'' is amino or mono- or di(C;-Cg)alkylamino; and R'? is -

H, -NO, or haloalkyl,

where

more preferably trifluoromethylmethyl.

Still other preferred compounds of Formula IV are those

R is amino or mono- or di(Ci-Cg)alkylamino; and

R'? is -N(YR')R?; where
Y is -S0O,- or —-CO-;

R! is

C1—-Cg4 alkyl optionally substituted with halogen,

hydroxy, Ci1-C¢ alkoxy, amino, or mono- or di (Ci-

Ce¢)alkylamino; or

phenyl or a 5- or 6-membered heterocaryl

containing at least one nitrogen, each of which is

optionally substituted with halogen,
alkyl, C;-C4 alkoxy, C3-Cy; cycloalkyl,

hydroxy,

C1-Ces

amino, nitro,

trifluoromethyl, or mono- or di(C;-Cg)alkylamino; and

R? is hydrogen, Ci;-Cgalkyl, or C;3;-Cycycloalkyl.

Preferred R' groups within Formula IV, R' is

C1-C4 alkyl optionally substituted with halogen,

hydroxy, Ci-C¢ alkoxy, amino, or mono- or di (Ci-

C¢)alkylamino; or
pyridyl or pyrimidinyl, each of
optionally substituted with halogen,

_15_
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-16 R11 N R1z Formula A.6. Still another more preferred A group in
compounds of Formula lis: R11N i C,N R12 Formula 1.7. 5 In each of
Formulae A.1 - A.7, R" and R12 are as defined above for Formula IV. In
particularlgﬂgeffrreg gginpo Hds havggiﬁ%rmulae Al-AT7 R 16.26 _
amino or mond- or di(C 3-CaGJ;Jai%;}/qlgfnino; and 10 RI2T5°N (%1%%? -
where Y i€£: 502k vl a@0nrp R1aisdC1-C6 alkyl optionally substituted with
halogen, Bydrgxy, G0 glkoxy. aming.Ar meRoor i (G 8.1 1y
ghen me n%ng at

C6)alkylamino; or

orab- oré-

ere

heteroaryl contal

least one nitrogen, each of which is optionally substituted with halogen,

hy%o?%’rgl'fg:ﬁe ?é‘%’]l’e%l'&%?lg@éy’1%3'<,Cc7m%£9§:“§ylO%mmmpﬂ 210 is:

trifluoromethyl, or mono- or di(C1

6)alkylamino; and R2 is hydrogen,

Cl-@]ﬁ%@d, or C3-C7cycloalkyl. Preferred R1 groups within Formula 1V,
R1 isﬁ -C¥alkyl optionally substituted with halogen, hydroxy, C1-C6
alkox MQ, @r mono- or di(C1 25 C6) alkylamino; or pyridyl or

pyrqidinyl, e

C1-C3 alkyl, C1-C3 alkoRy " &mihd’ OJr mono- or di(C1-

Another more preferred A group in compounds of Formula I

is:

Ri1

R

B

Still another

Formula I is:

Still another
Formula I is:

Rﬁ>€\N

N\\)I\rfé

R1o

Still another

Formula I is:

Still another

Formula I is:

Formula A.2.

more preferred A group

Formula A.3.

more preferred A group

Formula A.4.

more preferred A group

Formula A.5.

more preferred A group

-16

in

compounds

compounds

compounds

compounds

of which is optionally substituted with halogen, hydroxy,

of

of

of

of
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C4)alkylamino; and -17 R2 is hydrogen, C1-C4alkyl, or C3-C7cycloalkyl. A
more preferred Q group in compounds of Formula I is: R66 N*N~ NNH 0
Formula Q.1. 5 Another more preferred Q group in compounds of Formula
I isRR66 NN NNH 0 Formula Q.2. Still another more preferred Q group
in compeiinds of 10 Formula | is: R66-N'N~ NyNH 0 Formula Q.3. Still
anothgr mo{ preferred Q group in compounds of Formula lis: R66 1 ~N
N\ Ny Kv!;’?ormula Q.4. Still another more preferred Q group in
corfpounds of” Formulagkis;118:S4 Ng NNH O Formula Q.S. Still another

more preferred %group in compounds of
Still another more preferred A group in compounds of

Formula I is:

Ri1

EfN
NS
12 Formula I.7.

In each of Formulae A.1 - A.7, R!'' and R'? are as defined above
for Formula IV.
In particularly preferred compounds having Formulae A.1 - A.7,
R'!' is amino or mono- or di(C1-Cg)alkylamino; and
R'? is —N(YRl)R2; where
Y is -S0,- or —-CO-;
R' is
C1-Cgs alkyl optionally substituted with halogen,
hydroxy, Ci-C¢ alkoxy, amino, or mono- or di (Ci-
C¢)alkylamino; or
phenyl or a 5- or 6-membered heteroaryl
containing at least one nitrogen, each of which 1is
optionally substituted with halogen, hydroxy, C;-Cgq
alkyl, C;-C¢ alkoxy, C3-Cy cycloalkyl, amino, nitro,
trifluoromethyl, or mono- or di(C;-Cg)alkylamino; and
R? is hydrogen, C;-Cgalkyl, or C3-Cycycloalkyl.
Preferred R' groups within Formula IV, R' is
C:-C4 alkyl optionally substituted with halogen,
hydroxy, Ci1-C¢ alkoxy, amino, or mono- or di (Ci-
Ce¢)alkylamino; or
pyridyl or pyrimidinyl, each of which is
optionally substituted with halogen, hydroxy, C;-Cs
alkyl, C;-Cs3 alkoxy, amino, or mono- or di (Ci-

Cy)alkylamino; and

_17_
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Formula lis: O* N HNH 5 0 Formula Q.6. Still another more preferred Q
group in compounds of Formula lis: N HNH O Formula Q.7. 10 Still
another more preferred Q group in compounds of Formula lis: N Oi

N~NH 0 Eermula Q.8. 15 Still another. more preferred Q group i
compounéis oJTSF%l%dﬁrlgqelsI} ’/O&N ﬁyal&lh%ilfororﬁuIg3Q%.Cgi§E§tﬁ?§r¥o]ther
more preferred Q group in compounds of Formula lis: N HNH 0O

Formyla Q.10 Se2ull.ano eé?“oﬁg Prefensd Q@ Group NCompeyds of ; .
Formula | 1Is:’NPY NNH O Formula Q.11.

PN
N7 TN
NH
Y
o Formula Q.1.
Another more preferred Q group in compounds of Formula I
is:
A

NH
o

RGG_

Y

Formula 0Q.2.

Still another more preferred Q group in compounds of

Formula I is:

“LL?/N\‘O(NH

Formula Q.3.

Still another more preferred Q group in compounds of

Formula I is:

@ Formula Q.4.

Still another more preferred Q group in compounds of

Formula I is:

_18_
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10 Still another more preferred Q group in compounds of Formula | is: ,/
N NN H 0 Formula Q.12. Still another more preferred Q group in
compounds of 15 Formula lis: N ?NH 0 Formula Q.13. Still another more
prggrred Q group in compounds of Formula lis: -20 N' N NH O Formula
@14 1%till another more preferred Q group in compounds of Formula | is:
R H 50 Formula Q.15. In each of Formula Q.1 - Q.15, R66 is
hydro or straight or branched C1-Cé6alkyl; and R77 is hydrogen,
"gj}ﬁalbfﬁq(‘)r straight 10 or branched C1-C6alkoxy. Preferably the
compgounds of th?c!r%\:ﬁ%rltg’nqqrg .of the L isomer as shown below: i.. RS
A-N H 15 0 L-stereoisomern these compounds, A is defined as for
formulal and Q is -(1-R6-2-0x0-1,2-dihydroimidazo[4,5-b]pyridin-3-yl)

Yg‘ggﬂ R6, j5 Hhalkylosubstinued alkyh of -GHIHOR7 RIS aRbL of
Formula’I is:

N

o

T

NH

o

Formula Q.6.

Still another more preferred Q group in compounds of
Formula I is:

I~

O

T

zZ
zZ
I

4

o=

Formula Q.7.

Still another more preferred Q group in compounds of

Formula I is:

Formula Q.8.

Still another more preferred Q group in compounds of

Formula I is:

o Formula Q.9.

_19_
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20 -NHRS8, and R8 is alkyl, substituted alkyl, aryl or substituted aryl. -21
DEFINITIONS As used herein, "alkyl" refers to linear and branched alkyl
groups having from 1 to 10 carbon atoms and more preferably 1 to 6
carbon atoms. This term includes groups such 5 as methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, n heptyl, octyl and the like. Inclusion of C.
whéreid X is.antimegerpbefope thestermcalkylgematesi thequmbemnofs of
car%n atoms in the alkyl chain, where a range is specified, both the
smaller mteger and the larger are included in the range. 10 "Optionally
ituted alkyl" refers to an alkyl group that is unsubstituted or
sybstjtuted with from 1 to 5 substituents independently selected from the
gr up onS|st|ng of alkoxy, substituted alkoxy, acyl, acylamino, acyloxy,
A Kubstituted amino, aminoacyl, aminocarbonylamino, 15
bLl') ami carbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy,
carb%xyl carboxylestersa cgand) cycloalkyl, substituted cycloalkyl,
cycloalkyloxy, substituted cycloalkyloxy, halogen, heteroaryl, substituted
heteroaryl, heteroaryloxy, substituted heteroaryloxy, heterocyclic, 20
substitutéd Metdroeyclie? hpdivk§i aitiks Arld axycErbonylaaimpunds of
ro it kyene” refers to linear and branched divalent alkylene groups having
from 1 to 10 carbon atoms and more preferably 1 to 6 carbon atoms. This
term\§ exemplified by groups such as 25 methylene, 1,6-heptylene,
8-ogtylene and the like which are optionally substituted with from 1 to 5
sybstiuents as defined for substituted alkyl above. "Alkoxy" refers to the
_g¥au NHikyl-O-" which includes, by way of example, methoxy, ethoxy,
‘137 poxy, iso-propoxy, n 30 butoxy, tert-butoxy, sec-butoxy, n-pentoxy,
n-héXoxy, 1,2- Formula Q.11.

For

Still another more preferred Q group in compounds of

Formula I is:

Formula Q.12.

Still another more preferred Q group in compounds of

Formula I is:
/Q

“‘{N\g

P

Formula Q.13.

Still another more preferred Q group in compounds of

Formula I is:

_20_
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dimethylbutoxy, and the like. "Substituted alkoxy" refers to the group
"substituted alkyl-O-". -22 Each alkyl of "alkyl-O-alkyl" is optionally
independently substituted with 1 to 5 substituents independently selected
fron'Nthe group consisting of alkoxy, substituted alkoxy, acyl, acylamino,
a{C/yI , amino, substituted amino, aminoacyl, 5 aminocarbonylamino,
mingcarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy,
cg@rboxyl, carboxyl esters, cyano, cycloalkyl, substituted cycloalkyl,
loxy, substituted cycloalkyloxy, halogen, heteroaryl, substituted
bz?'lhet oaryl, heteroaryloxy, substituted heteroaryloxy, heterocyclic, 10
subStituted heterBoyalic] Aydrokyl, nitro, and oxycarbonylamino. "Alkenyl"
refers to alkenyl groups having from 2 to 10 carbon atoms and more
preferably 2 to 6 carbon atoms and having at least 1 and preferably from
1-2ditelofaatkeny & Sumsaturatide ' Optiodaky sulpstitutedatienyl trefers
Forto eilléer}yl grqups that are unsubstituted or substituted with from 1to 5
substituents mdependently selected from the group con5|st|ng of alkoxy,

hetelfoaryloxy, heteregythc,osubstituted heterocyclic, hydroxyl, nitro, and
oxycarbonylamino. "Aryl" refers to the groups H-C(O)-, alkyl-C(O)-,
substituted alkyl-C(O)-, alkenyl-C(O)-, substituted alkenyl-

In each of Formula Q.1 - Q.15, R®® is hydrogen or straight
or branched C;-Cgalkyl; and R'’ is hydrogen, halogen or straight
or branched C;-Csalkoxy.

Preferably the compounds of the invention are of the L

isomer as shown below:

Q

O L-stereoisomer

In these compounds, A is defined as for formula I and Q is
- (1-R°-2-0x0-1,2-dihydroimidazo[4,5-b]lpyridin-3-yl) wherein R®
is -H, alkyl, substituted alkyl, or -CH,C(O)R’; R’ is -OH, -ORS®,
-NHR?, and R® is alkyl, substituted alkyl, aryl or substituted

aryl.

_21_
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30 C(O)-, cycloalkyl-C(O)-, substituted cycloalkyl-C(O)-, aryl C(O)-,
substituted aryl-C(O)-, heteroaryl-C(O)-, substituted heteroaryl-C(O),
heterocyclic-C(O)-, and substituted heterocyclic-C(O)-. -23 "Acylamino”

DEE‘cﬁﬁ%ﬁffgbige group -C(0)NR30R30 where each R30 is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl,

alkémylpseiostitated 1 alketiyl] apyl,"substituted aryl 1 dycteatky nsulistituted &3
a cl e ryl, s [tu et I er%', stit éj
! k%te%?c%y)@ﬁg at}r?éQv%/hXe%e Eé%% F\t’%?)t% jg iEﬁ:éth §§ rB m gt% g%!t%] eg}\./{vgithﬂkﬁée
pregdigrogen atdmtahéterscyetic or Sabstituteth hetereeyclic kingudieylaxypups such
as rSo th pS l-C0)0-, i _alkyl:G(0)Q-, 1, n-
ﬁé%ﬁ%?é((%%ﬁ%dbggét%%g)lkéniﬁ%%?gp éryl/[I? %%6& 'su%stibtutte%ll ’
heparyl-C (00t YéyciouikyH(0J0-K substititedu eyclvalrfl-C(Oyrerein x is an
ineBeleroak G010 coubsiibind heleroank: G(QQ- hetereypleCO00 Ao
su

stifuted heterocyclic- C(0)0-. 15 "Amino" refers to the group -NH2.
atorgbstituted afrild referd B the Brdip NR B1RBLWhERE each RB1 poth the

smadrosip is independgntly selected fram the graup. 1cansisting of hydragene. .
alkyl, substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl, substituted

cycloglkyloaml, 120 substituted axyl, hetejoaryk sabstitutes heteraaryll group
heterocyclic, and substituted heterocyclic, provided that both R31 groups
thajre o RSgn: oF Wifere té KB1 rblipS dal be” ohied toetfer with
sublfieinitteger atamldée &araea helerseydict essuhsitutedhejeroapclicoiig. st ing
"Aminoac%/

of 2 X g_rgte{s%o H;e rou s-NRCB%C(O%aIlf L - cvla ino
N %%@((’))su Stituted” aliy , al%ﬁ%%@ (Oa) cX/croa‘?kyY, -élal{i‘ﬁ@C(@)sﬁ%stﬁt\ft’eda !
subeyclaalky d-NiR 3260 yatkenyh e NR, 32:1€Ci()suhstituted atkeny), -NR 32C
amigggggbonyloxy, aryl, substituted aryl, aryloxy, substituted
aryloxy, carboxyl, carboxyl esters, cyano, cycloalkyl,
substituted cycloalkyl, cycloalkyloxy, substituted
cycloalkyloxy, halogen, heteroaryl, substituted heteroaryl,
heteroaryloxy, substituted heterocaryloxy, heterocyclic,
substituted heterocyclic, hydroxyl, nitro, and

oxycarbonylamino.

"Alkylene" refers to linear and branched divalent alkylene
groups having from 1 to 10 carbon atoms and more preferably 1
to 6 carbon atoms. This term is exemplified by groups such as
methylene, 1,6-heptylene, 1,8-octylene and the like which are
optionally substituted with from 1 to 5 substituents as defined
for substituted alkyl above.

"Alkoxy" refers to the group "alkyl-O-" which includes, by
way of example, methoxy, ethoxy, n-propoxy, iso-propoxy, n-
butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy, 1,2-

dimethylbutoxy, and the like.

"Substituted alkoxy" refers to the group "substituted
alkyl-0-".
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NR32C(0)substituted aryl, -NR 32C(0)heteroaryl, 30 NR

32C(0)substituted heteroaryl, -NR 32C(0)heterocyclic, and -NR32C (0)

substituted heterocyclic where each R32 is hydrogen or alkyl.

"Aminocarbonyloxy' refers to.the groups ;NR 32C(0)0-alkyl, -24 -NR32C

(O S DT Ak N SO Syt NPT SUbstan Bent 1y
subalke*rhyh:a‘diR@O(O)Otcycﬁoaim,&wm@o-ismmdeIcydlpaﬁ@ﬂ,eNRed
£ ro%zgg%)o_ggydp_ gg ci::gglg_@gug stituted, anyl, _N)BS (%(@th%tf L%g{}jll; acyl,

-NR32C {0) O-substituted heteroaryl, 5 -NR3C ?0 0-heterocyclic, and -NR
acygm@m-saﬁsrtﬂtgﬁeﬂ,h@t@mcli@wmé?ém@ W@li@@en emalkghcyl,
amiﬁ@ﬁg@ﬂ%ﬂ9¢ﬁﬁﬁﬁgIe%%ﬁﬁ%%§%£8H9§dQ§¥Q£ﬁ§EWO§H%%tituted arvyl,

-OC(O)-substituted amino. "Aminocarbonylamino” refers to the groups
aryNRB2C{o)-amine tE0lapd-NR 82 C(03-5hbstitlieFamitfowhe®SR82Z 3  cyano,
cycysiregen or alkyl+ “Aryl 0y "é%"cf?é@a@@f‘,” unsafiyated aromatics ypst i tuted

carbocyclic group of from 6 to 14 carbon atoms having a single ring (e.g.,
CY CpReryRY oMt ple e 1B hsediritysq@ iy L mastithyit 6F Rty ahfarrary L,
heteQndensed fingsdnay, of mayptike-aromatic b (e, 9 n Ltkenzoxazalinone,
2H-1,4-benzoxazin-3(4H)-one-7yl, and the like) provided that the point of
subgitadhméent iS Hrotgh ¥nt afomatiCRRE dtom Piefemredaryls include
oxyiehRemdRapithylcand 5,6,7,8-tetrahydronaphth-2-yl. Particular preferred
aryl groups are phenyl groups. 20 "Optionally substituted aryl" refers to
aryl'groupssthat ase apsubsiitutedorsubstittiteds with<friomg 1fedm 2 to 10

referaply 1-3 substituents se cte%iro the group cansisting of hydroxy .
xR BTN Aoy, AR SASHiteh At CaRBAE U BEY e having

at alkexy, alkenyd, subsfituted alkefybraming, 25 sabstibited laming

aminoa,é:yl aminocarbonyloxy, aminocarbonylamino, aryl, substituted aryl,
unsatFra é%.. .
aryloxy, “substituted aryloxy, cycloalkyloxy, substituted cycloalkyloxy,

"Optionally substituted alkenyl" refers to alkenyl groups
that are unsubstituted or substituted with from 1 to 5
substituents independently selected from the group consisting
of alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino,
substituted amino, aminoacyl, aminocarbonylamino,
aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted
aryloxy, carboxyl, carboxyl esters, cyano, cycloalkyl,
substituted cycloalkyl, cycloalkyloxy, substituted
cycloalkyloxy, halogen, heteroaryl, substituted heteroaryl,
heteroaryloxy, substituted heterocaryloxy, heterocyclic,
substituted heterocyclic, hydroxyl, nitro, and

oxycarbonylamino.

"Acyl" refers to the groups H-C(0O)-, alkyl-C(O)-,
substituted alkyl-C(0)-, alkenyl-C(0O)-, substituted alkenyl-
C(0)-, cycloalkyl-C(0)-, substituted cycloalkyl-C(0O)-, aryl-
C(0)-, substituted aryl-C(0)-, hetercaryl-C(0)-, substituted
heteroaryl-C(0), heterocyclic-C(0)-, and substituted
heterocyclic-C(0O) -.
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heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, substituted
heterocyclyloxy, carboxyl, carboxyl esters, cyano, 30 cycloalkyl,
substituted cycloalkyl, halo, nitro, heteroaryl, substituted heteroaryl,

hetgrocyclic, .substituted heterocyclic, and oxyc rgJ ine. Particular 30

ore o oy BB Ao usSErs SRy ubdtibg tach K

is phepe2sigroups. SArgokydrefersmto the groupiary0awhichiingludés, by

hydW%é&fq ?X%Hgﬁ’gﬁ p%?&%%i‘@?& thoxy, 9239 th ,,i"é%n 1SubsHituted aryioxy”
refers to substituted aryl-0- groups. "Carboxyl" refers to the group -COOH

alkamd phammadeuticalhys tacceptable salts thevedfo tQamhbxylsesterst fefeest

cycf%§§E§§Wy%éE6%6%§999“HE@5%96ﬂ8@d‘ﬁ8@9ﬁ%5§?& heterocyclic,

l,
C(O)O-substituted alkehyl, -C(O)O-aryl, -C(O)O-substituted ary,
subgH) oL eytIdaki r o)L sulbstifuteleeycl6alky, Fo(O}O-hisersgdylto form

togé%ﬂ@?*%ﬁ%ﬂ“ﬁﬁgrﬁ%%?é@ép'QG%M}QeHgQQ%%@y@ﬁqQ or substituted
-C(O)O-substituted heterocyclic. "Cycloalkyl" refers to cyclic alkyl groups

hetgmpeBtec1Z W¥carbon atoms having a single or multiple condensed
rings including, by way of example, adamantyli cyclo&mﬁ)yl, cyclobut¥l,
cyclopenty*EycldRésyt Soyicfoochyt aAbitHE Tike BptionsHy Lubstitifedt L tuted
a1 keycloalkyld refeesitoen gycloalkylogroup that istuisedpstitukech on sahslitated aryl-
with from 1 to 5, 20 preferably 1-3, substituents selected from the grou

group _ .
C (04 ShstistifgP OF bd (6), tHido (=S)) k1, SUbSHitatey ARY1 Alkdxy, Supstituted
cycsuhlstikited @lkoxy; acyleaeptaming, acyloxyg-ami ssubstitided lagtineocaryl -

inoacyl, aminocarbonylamino, aminocarbonyloxy, aryl, substituted aryl,
C (it B RO o Ay S G, Sy BTt NEhRG0CyELTEn
C (Ogytoalkyl, substituted cycloalkyl, cycloalkyloxy, substituted
cycloalkyloxy, halogen, heteroaryl, substituted heteroaryl,
"Amino" refers to the group -NH,.

"Substituted amino" refers to the group -NR’'R’!, where
each R*! group is independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heterocaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic, provided that both
R’ groups are not hydrogen; or where the R’ groups can be
joined together with the nitrogen atom to form a heterocyclic

or substituted heterocyclic ring.

"Aminoacyl" refers to the groups —NR”C(O)alkyl, -
NR”C(O)substituted alkyl, —NR”C(O)cycloalkyl,
NR”C(O)substituted cycloalkyl, —NR”C(O)alkenyl,
—NR”C(O)substituted alkenyl, —NR”C(O)aryl,

NR”C(O)substituted aryl, —NR”C(O)heteroaryl, -
NR”C(O)substituted heteroaryl, —NR”C(O)heterocyclic, and
-NR’C (0) substituted heterocyclic where each R** is hydrogen or

alkyl.

"Aminocarbonyloxy" refers to the groups —NR”C(O)O—alkyl,
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heteroaryloxy, substituted heteroaryloxy, heterocyclic, substituted
heterocyclic, hydroxyl, nitro, and 30 oxycarbonylamino. "Cycloalkyloxy"
refers to cycloalkyl-0- groups. "Substituted cycloalkyloxy" refers to

_a8yel | groups. -26 that are substit nthe cycloalkyl portiops:! .
NRore't?gi)l%gye%ﬁr)e%rlstt%GEI‘Fu(grg,igﬁfgr’o, bﬁ?rﬁc? a(tég 8io gl]é% %Qréferlg yi‘?&%
subfiudropckidradkbromo. "HEter6ay) Gefers toahlaydmatisyroupofdrom 2
to, 1 b 1 tq.4 het (0] elected 4r :
S athe s o (oo hidot. Shcty Pl st tuted
arygroup8Ran have ahsingleaingyle.g.- BRidyl(6n Furyior mdtipleccdrriensed ry1,

~NRANGRYYRRIRIN ane, of mofe of Ihe, cogdensgd) ings may of MALNALR. ooyclic

aromatic provided that the 10 point of attachment is through an aromatic
wheggg Btom SAGHIHEAAIRY tIRE hatefaatoms of the heteroaryl group may be

oxidized, i.e., to form pyridine N-oxides or 1,1-dioxo-1,2,5- thiadiazoles

and theYfet ‘Prefetratihsterdaiyis ivclbde TVRidYE PyRolyTARdewr, famLne and
-ocRyidazinyd,HayrimidinyhdbrRyrazinyl, 1-oxo-1,2,5-thiadiazolyl and

1,1-dioxo-1,2,5- thiadiazolyl. "Optionally substituted heteroaryl" refers to

heteraainb groupsithab ardnsuhstitited o6 substityteshwith fORYACt@Y,-amino

preferably 1-3 substltuentsgselec.ted from the %ggup co sgtl%%bZO of thof%yl '

andgdhed Sbbve 18 Subetitdied @ﬁ?%&%?d‘ﬁaery oxy"'réfetd ¢4 e grotp *
-0-h trertiaryl and, isubstit%tedshect%roarylméy" rtefergl %o Ctlhe %E%JQ .

t
-0-su ssfltutearheteFoarﬁ.3 ﬁgterocyc?g," “hestgro%§cllc'or eteroéycclyl"

carteferstd 125 ausatprated oronsdtuiated group-having leosingleaingnar a single

rinﬁ‘“'&?! ?9”%%%%%21””9%“59&%%%80 bonatoms aadfomd 04 L opneny1
etero atoms selected from nitrogen, sulfur or oxygen

or anthryl) which condensed rings may or may not be aromatic

(e.g., 2-benzoxazolinone, 2H-1,4-benzoxazin-3(4H)-one-7yl, and

the like) provided that the point of attachment is through an

aromatic ring atom. Preferred aryls include phenyl, naphthyl

and 5,6,7,8-tetrahydronaphth-2-yl. Particular preferred aryl

groups are phenyl groups.

“Optionally substituted aryl” refers to aryl groups that
are unsubstituted or substituted with from 1 to 5, preferably
1-3 substituents selected from the group consisting of hydroxy,
acyl, acylamino, acyloxy, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, alkenyl, substituted alkenyl, amino,
substituted amino, aminoacyl, aminocarbonyloxy,
aminocarbonylamino, aryl, substituted aryl, aryloxy,
substituted aryloxy, cycloalkyloxy, substituted cycloalkyloxy,
heteroaryloxy, substituted heterocaryloxy, heterocyclyloxy,
substituted heterocyclyloxy, carboxyl, carboxyl esters, cyano,
cycloalkyl, substituted cycloalkyl, halo, nitro, heterocaryl,
substituted hetercaryl, heterocyclic, substituted heterocyclic,
and oxycarbonylamino. Particular preferred optionally

substituted aryl groups are optionally substituted phenyl
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within the ring wherein, in fused ring systems, one or more of the rings
can be aryl or heteroaryl, provided that the point of 30 attachment is
through a heterocyclic ring atom. The term "-NC3-C6cyclic" as used
r&ergin means 4-7 membered heterocyclic groups where the point of
attachment to a parent -27 group is the nitrogen atom in the heterocyclic
ring. Examples of -NC3-C6cyclic groups are piperidin-I-yl,
homopiperidin-1-yl, and azetidin-1-yl, and pyrrolidin-1-yl. Each of these
-NG3- Coeyglie graups-can be substitied,on the ring with;€1-G6,alkyhds, by
C1-C6 alkoxy, hydroxy, halogen, amino, mono- and di-(C1-
waYCBfalRYIG: nitFS AT RAHTUBRAEAGH YOpAGRaI Subbiifed
heterocycle,” "substituted heterocyclic" and "substituted heterocyclyl”
refertoP Rteradytte grolip¥that afretGistubstituted BFéﬁ%ﬁﬁteﬁWg{%
grofie®.1 to 5, preferably 1-3 substituents selected from the group consisting
of those defined for substituted cycloalkyl. Examples of heterocycles and
hetetearpls:indltide ciutrare tnotdimited-toyazetidiog, pyrdolphiumitdazelerically
razole, pyridipe, pyrazine, pyrimidine, pyridazine, indolizine, 15
acc%éﬁ%%?eé, igfglg,sdi y&r%lenod%le, indazole, purine, quinolizine,
isoaineline. Auindline, phihalazlne, NBRRIYIRYTAInE, AUBKAING 1 cureq
quinazoline, tinnoline, pteridine, carbazole, carboline, phenanthridine,
alka@riding, (phenandthroling, isothifzéle spheriaizing; ¢soxalzbfa) phenokdgn®-aryl,

_ henethiazine, imidazolidineirpidazoline, piperidine, _piperazi .
c ¢ LEORR spline, ol oo e SRS Rnacs e

cyc4d B8, tdrahydrebenzsibRrAiopRERe, thid2ble thitxdhidinet ffopediesoaryl,
-c (bgrzafklthiophene, ; morphelina: thigmomhnline. piperdinyl Lygolding. .

25 tetrahydrofuranyl, and the like. "Heterocyclyloxy" refers to the group
-0-heteracyglic and “substititedhetgraGyehdaxy reters tp thecgrodpo- 3 to 12

carbon atoms having a single or multiple condensed rings

gro

including, by way of example, adamantyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl and the like.

"Optionally substituted cycloalkyl" refers to a cycloalkyl
group that is unsubstituted or substituted with from 1 to 5,
preferably 1-3, substituents selected from the group consisting
of oxo (=0), thioxo (=S), alkyl, substituted alkyl, alkoxy,
substituted alkoxy, acyl, acylamino, acyloxy, amino,
substituted amino, aminoacyl, aminocarbonylamino,
aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted
aryloxy, carboxyl, carboxyl esters, cyano, cycloalkyl,
substituted cycloalkyl, cycloalkyloxy, substituted
cycloalkyloxy, halogen, heteroaryl, substituted heteroaryl,
heteroaryloxy, substituted heterocaryloxy, heterocyclic,
substituted heterocyclic, hydroxyl, nitro, and

oxycarbonylamino.
"Cycloalkyloxy" refers to cycloalkyl-0O- groups.

"Substituted cycloalkyloxy" refers to cycloalkyl groups
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substituted heterocyclic. The terms "compound” and "active compound"
are used to 30 refer to the VLA-4 antagonist. "Pharmaceutically
acceptable salt" refers to salts which retain the biological effectiveness

nd properties of the compounds of this invention and which are not
tha%io o%?ca?llﬁkosfsc-é 0 eegrw?s{[?e l!SJI’B es??éﬁe?% n%Ln)P gé:sge%s?%'e compounds

of thig, invention ate capable of ferming acid-and/r base salis by Mite of 4

the presence of amino and/or carboxyl groups or groups similar thereto. 5
iodphammadeiticalr-aéoeptablebasecadditidrP saltsocarh bemgrepared from

inorganic and organic bases. Salts derived from inorganic bases, include

by Wa§ 6t exampte oRfyf S6diuRt potadsionit Titiumt aiimertium: @8lciurh® 10

car®th magnesium galis.. Salis detived fropnarganicbases includechytare,
not limited 10 to, salts of primary, secondary and tertiary amines, such as

NI EZRGEAMES, diafdrantidd] tralkicamingd, SUbstituted Salkiicdifimes, Such

he t@ifgibstituted alkyd arminesatrésubstitutgd calkyhamiaes; alkenyl amines r
dialkenyl amines, trialkenyl amines, substituted alkenyl amines,

Furgicdudstitdisa Bieenl) I3 GRines i Shgstittiea Sikehyt dmiwestore of the

coneyatealkylamiges maifcyaloalkyl) astines; tetcyatoatkyl)@arminesed that the
.substi%uted cycloalkyl amines, disubstituted c cloalkc}ll amine,

00 S Bk MGyl AR5 Hoakerl ARes. citelsaikEhy)

Addaminesa Iri(gycloakeny) amires;sabstitutece20 cyeloatkkenyl ammes, may be

ox15jsuBsfituted.cyclaalkenyl amine . fisybsfiuted cycloalkenyl amines. aryl , 5
amines, diaryl'dmines, rlaryipgmlnes, eteroaryl amines, diheteroary
thiamires, tdhetencaryhamindss heteroeythc mamink s, tdihetergdyelic namings,

trihe&eroc clic ines,.mi i- and tri-amines where 25 at least two of

4 amines, mixed di- apd tri-ar 4 £ Stnyi,

pyrt e substi ref?ft)s on the %m?né/ are F%Yentap %tréa1 éélrégted f?grﬁltﬁé Ty
pyrgajqnﬁbnskﬂngﬁkméﬂﬁnthﬁame@zolyl and 1,1-dioxo-1,2,5-
thiadiazolyl.

"Optionally substituted heterocaryl" refers to heteroaryl
groups that are unsubstituted or substituted with from 1 to 5,
preferably 1-3 substituents selected from the group consisting

of those defined above for substituted aryl.

"Heterocaryloxy" refers to the group -O-heterocaryl and
"substituted hetercaryloxy" refers to the group -O-substituted

heteroaryl.

"Heterocycle," "heterocyclic" or "heterocyclyl" refers to
a saturated or unsaturated group having a single ring or
multiple condensed rings, from 1 to 10 carbon atoms and from 1
to 4 hetero atoms selected from nitrogen, sulfur or oxygen
within the ring wherein, in fused ring systems, one or more of
the rings can be aryl or hetercaryl, provided that the point of

attachment is through a heterocyclic ring atom.

The term “-NC3-Cg4cyclic” as used herein means 4-7 membered

heterocyclic groups where the point of attachment to a parent
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alkyl, alkenyl, substituted alkenyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic, and
the like. Also included are 30 amines where the two or three substituents,

together with the,_amino nitrogen, form a heterocyclic or heteroaryl group.
ot Iok o SR e Helile P wiy Of oA fonting Sipter Tanp1es
of omlg;isopropylamine,driprethyt@mine cdigthih aining, trifisopropdramine; 1-v1,

andUEQé’%%ﬂ%@TL lfzgﬁgnﬁgyﬁgﬁwaf%gT%g?ﬂanﬂggﬁhggfk ese -NC;-
tromethamine, lysine, arginine, histidine, caffeine, procaine, hydrabamine,
Cechdlire, dbyetaire, etttyl&rediamiie] ghicosanting,N-atikyigluwdrnings; -Cs alkyl,
c,-theghromige, %%HH?&Q'[P%%ZL'B%@‘HPeﬁq{ﬁ_‘ﬁorf‘%%'ﬂeah'é di-(Ci-
ethylpiperidine, and the like. It should also be understood that other
Ce) earbokylic Aeid derivafiveswduldrbd UseftPirethy practice of this
invention, for example, carboxylic acid amides, including carboxamides,

lowerRikyP BarbbXaftides; 1 dialisPcabbRamiaes. and thé fike.tig-uted
he tRRaaceuticaliy, acceptable iacid additien salis ayhe prepakeddfsom
inorganic and organic acids. Salts derived from inorganic acids include

he tRydbEmbRic AEREAYdIdhtomic Scitl” $ulthid ABiS fitAc atidC phodpHore With

froacid, ard the likes rSaltpderivediremuerganicacids kshuseraceticasid,the
propionic 15 acid, glycolic acid, iXcru,vic acid, oxalic acid, malic acid,

I OHRIGHIC 8EiET SBECIME acith Hialefc adi fuhiaric i d ttalrthrichdid Tt < v L -
acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfgnic aci
o e ORaree A B B v Laorat dcti: CARSRE Ak, ShaTHE Thests 27
notThe termetpharmaeeaticallyracceptabte tation'mefers ¢d cthercation of @,
rmaceutically-acceptable sal Irtlés understpod. that in.alggliblszti{%tgd

Py o e i oo Ainted & by Sohich SLbeationt ot

1 sofunthiet substitdendts to thémselves de.gs substituted aryl purine,
guinolizine, isoquinoline, quinoline, phthalazine,
naphthylpyridine, quinoxaline, quinazoline, cinnoline,
pteridine, carbazole, carboline, phenanthridine, acridine,
phenanthroline, isothiazole, phenazine, isoxazole, phenoxazine,
phenothiazine, imidazolidine, imidazoline, piperidine,
piperazine, indoline, phthalimide, 1,2,3,4-
tetrahydroisoquinoline, 4,5,6,7-tetrahydrobenzo[b]thiophene,
thiazole, thiazolidine, thiophene, benzo[b]thiophene,
morpholino, thiomorpholino, piperidinyl, pyrrolidine,

tetrahydrofuranyl, and the like.

"Heterocyclyloxy" refers to the group -O-heterocyclic and
"substituted heterocyclyloxy" refers to the group -0-
substituted heterocyclic.

The terms "compound" and "active compound" are used to

refer to the VLA-4 antagonist.

"Pharmaceutically acceptable salt" refers to salts which
retain the biological effectiveness and properties of the

compounds of this invention and which are not biologically or
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25 having a substituted aryl group as a substituent which is itself

substituted with a substituted aryl group, etc.) are not intended for

inclusion herein. In such cases, the maximum number of such

substituents is three. That is to say that each of the above definitions is . .
ot By & TSt thit, 30101 Ao, SLESMEr ST grotp ™
invaretimited toe- supstitited @fyl{substitgteticarygl)«(sdlfstitutedsayalts by

Silaty. s updersigod that the abave definiions ais-nainiepdeg o

Vlrinc:ludel%‘;,mperm ss%bgle sugstﬁution patterans -/:%%0 (e.S., rr?ef%tyl s%%sﬁ uted
growitl 5sfiund grotdseaea ydroxyl group alpha to ethylenic or acetylenic

unsaturation). Such impermissible substitution patterns are well known to

thePBRille@ afisahc 8 \Wiish enfsloyed as phafmacslitichs] tve EdmpoanRdSe

prepithiss inveation ase ysHally administerd: in thg Jerm of phasmaceytical from
~compositions. These compositions can be administered by a variety of
L NOpsiRES ncRAMTS oral Yot B S1 0 tratiddertial SstiiButahetusY mizvenss,

potiyamusculas randirintranassh iRrefersed administration:epuies inglude) + s .
subcutaneous and intravenous. Particularly preferred is subcutaneous.

Sal&fcREompositibhsare préared it Aanmer WEIF kndth if the ot 1imited
to, Pharmaceyticalarhang comprisedt Igast onethractiveycompound. Thech as
invention also provides pharmaceutical compositions comprising a,
S e

a Lk gompBang acCéjraﬁ%g}%ﬁhéri‘ﬁ%‘?ﬁion% & oriBbuof
al kgambinaties withia separaie carpodnad \whichns asa4 7dnhibiton Stichuted

A11GAPasitions will albo 20, comprice a phamaceutically acceptable carfer, |
or XC|p|enteaﬁd may bé administéred ds discussed elsewhere heréim. - Y
amiThkis inveriionialsa tluddsgpharmacentical comEositionist which edritaimy 1)
ami%%gF’%???QG%@%T%Ht%%?QEEE%%f?t@%ines, cycloalkyl amines,
di (cycloalkyl) amines, tri(cycloalkyl) amines, substituted
cycloalkyl amines, disubstituted cycloalkyl amine,
trisubstituted cycloalkyl amines, cycloalkenyl amines,
di (cycloalkenyl) amines, tri(cycloalkenyl) amines, substituted
cycloalkenyl amines, disubstituted cycloalkenyl amine,
trisubstituted cycloalkenyl amines, aryl amines, diaryl amines,
triaryl amines, heteroaryl amines, diheteroaryl amines,
triheteroaryl amines, heterocyclic amines, diheterocyclic
amines, triheterocyclic amines, mixed di- and tri-amines where
at least two of the substituents on the amine are different and
are selected from the group consisting of alkyl, substituted
alkyl, alkenyl, substituted alkenyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl,
heteroaryl, heterocyclic, and the like. Also included are
amines where the two or three substituents, together with the

amino nitrogen, form a heterocyclic or heteroaryl group.

Examples of suitable amines include, by way of non-
limiting example only, isopropylamine, trimethyl amine, diethyl
amine, tri(iso-propyl) amine, tri(n-propyl) amine,
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compounds of formula | above associated with pharmaceutically 25
acceptable carriers. In making the compositions of this invention, the
active ingredient is usually mixed with an excipient, diluted by an
- coZiRient arendosedwithin.such.a carrierwhich cap e n, sietile ) o
Injec ble solutions, an sterile pacﬁagecri’1 powders.ri]:%r su%cutaheoﬁls
argadministrationt adBnsimple €arierenaycompiise a sterdlesotutiomeof choline,

: P04, , ] i '
e DGy S-St L I Kacut 24 Db A,
thephosphite bufferethsalinel Otkercoptions arekaohiitodhose obskilllinghe N-
et n§t2pgdnalyde mixed solvgpt systems thatean, 31 affect the ralg of <+ o 0q

absorption and total exposure. These options include mixed solvent

thadyspéns contdiRing Yhycerme iPolgethyieneigigcol 400l dndeottsfdedd 6 the
praflsoof potential use-aregthanol, NN'-dimethylacetamide, .Rropylepe; o

glycol and 5 benzyl alcohol all of which may be used to manipulate

amiggmeabiifty éhhaACEMERCEAT RYSErOMIETNE Tn PHEANIEPA RIHRINARSS it

diaMRybengsessaryitodnill thesactive aompound to provide the appropriate
particle size prior to combining with the other ingredients. If the active 10
compautith isssubistantially drsalghlepit ordinadly dsimillechto agparticlesizae
of less than 200 mesh. If the active compound is substantially water

PLeESInbm, e PartitR sIZE i namaly~ dafustedsy fiiiting to provide 4 ved from

i nosupstantiadly undform distebutign roibie fotmalatien de.ghgbeutAdbmeshacid,

Jf5 Spme examples of suitable excipients include lactose, d tE%se, _

sulfuric acid. nltrl% chd o%ﬁ?orlc ac1P an ﬁ like.

sucrose, sorbitol, mannitol, star¢hes, gum acacia, calcium phosphate,

Sa lalgintes, tragatanth, getaini caleiuiml ssilicaté unerecrystatlineccellulaseppionic

ac:1ROVYnYIByoidone, cellylose, water, syru, and methyl gellyjose, The 20,
ormulations can additiontally include: Tubricating agents su¢h "as talc,

ma lmagnesiontistearate land: minerd) oitadettingagedts; fumaric acid,

tartaric acid, citric acid, benzoic acid, cinnamic acid,

mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-

toluene-sulfonic acid, salicylic acid, and the like.

The term "pharmaceutically-acceptable cation" refers to

the cation of a pharmaceutically-acceptable salt.

It is understood that in all substituted groups defined
herein, polymers arrived at by defining substituents with
further substituents to themselves (e.g., substituted aryl

having a substituted aryl group as a substituent which is

itself substituted with a substituted aryl group, etc.) are not
intended for inclusion herein. In such cases, the maximum
number of such substituents is three. That is to say that each

of the above definitions is constrained by a limitation that,
for example, substituted aryl groups are limited to -

substituted aryl-(substituted aryl)-(substituted aryl).

Similarly, it is understood that the above definitions are

not intended to include impermissible substitution patterns
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emulsifying and suspending agents; preserving agents such as methyl-
and propylhydroxy-benzoates; sweetening agents; and flavoring agents.
The compositions of the invention can be 25 formulated so as to provide

uick, sustained or delayed release, of the active ingredient after
(e i O R R S R oAb gdroxyL
groAdministraticrroftherdsutic agentsby subcutaneowsbn frtfavienous Such

1mp@%{wglﬂgl‘% Wﬂﬂ@@%'@ 1“3 QE’PS‘E%‘%:'C | e3%@9955£¥'o®n to the

subcutaneous or intravenous formulation should possess certain qualities

skigdide front being-just a composition in which the therapeutic agent is
soluble. For example, the formulation should promote the overall stability

of the active ingredient(s), also, the manufacture of the formulation should

-32:BR.60 iver Alsobthese factars; wiimatelydeteroyne the ovsralk b s
success and usefulness of an intravenous formulation. Other accessory

1Inveadifes fhat mEe inéI LR 5 phaffacutidaf forfilations of
phag@mpeunds-afitheprgsentt investion agdallovssabvents:iethanela glyserol,
propylene glycol; stabilizers: EDTA (ethylene diamine tetraacetic acid),
adNdifcSAGd SahtivficPobid presénvatives bensy Al Condt MethyParab&f -2+ -
t r apropy-parapesibuffering-agents:citricalaeidsodium €itfate cpatassiuahd
hydrogen tartrate, sodium @/drogen tartrate, acetic acid/sodijum acetate,

IntraRae eid/S88iRT friatedta sdtici ydtogert BHitaTatd"sHdhoric

subatidfposassiumcihydteger phosphate pphaspherie ecid/disedithtred is
h rogen phospgate' and tonicity modifiers: sodium chloride, 15 mannitol,
subg% a eo%ﬂ. uch cq@gBSﬁtlons are %epare .1ﬂ]a manner well
extrose. Thé presence 0 ufferis necessa@ o‘maintain the” aqueous
knoptd in the: tengenaffremaboiut4 1o aboub8 andaneorel peeferably Hsa ramge
of from about 4&0 about 6. The buffer system is generally a mixture of a
active CO%PO%? .
weak acid and a soluble salt
The invention also provides pharmaceutical compositions
comprising a compound according to the invention, e.g., a

compound of Formula I, in combination with a separate compound
which is an o4B7; inhibitor. Such compositions will also
comprise a pharmaceutically acceptable carrier or excipient and
may be administered as discussed elsewhere herein.

This invention also includes pharmaceutical compositions
which contain, as the active ingredient, one or more of the
compounds of formula I above associated with pharmaceutically
acceptable carriers. In making the compositions of this
invention, the active ingredient is usually mixed with an
excipient, diluted by an excipient or enclosed within such a
carrier which can be in, sterile injectable solutions, and
sterile packaged powders. For subcutaneous administration, a
simple carrier may comprise a sterile solution of water,
Na2HPO4, NaH2P0O4, and NaCl, in proportions that provide an
isotonic and physiologically acceptable pH, also know as PBS or
phosphate-buffered saline. Other options are known to those of

skill in the art and include mixed solvent systems that can
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20 thereof, e.g., sodium citrate/citric acid; or the monocation or dication
salt of a dibasic acid, e.g., potassium hydrogen tartrate; sodium hydrogen
tartrate, phosphoric acid/potassium dihydrogen phosphate, and

haosphoric acid/dispdium hydrogen phasphate..25 The amount of buffer
o e £ Geoondt o () e e G, S 5 16 amatint o
op tdrugs Genetallis thel amduat Iof buffes usectissine0.621 to. 5@; 1ahglecratio,
1 glendronate,(whege the moles ot buffer are taken as the . a1
Fo c()emlt)%%d moclj%s[%% the buffer ingre |ents,oe.g., sod?ulm citrate 30 %ndPOtentla
usecitriccacidheffotmulatiin tel imsintain a gt ithégange op 4 te8cand ycol and

beng§neraty. &1l 19.30:1 molg ratio gt bufier (combipgd) to.dryg present is

used. A useful buffer in the inventionis sodium.cn_rate/cnrlc acid in the
Perperelof 5o 50 AREMAN Sodivm Riffete f@ 116 1-88-15 mg per ml. citric

acid ,sufficisnt tomaintain an.aqueaus pH 0fid:6 af the composition The,; 1 1
buffer agent may also be present to prevent the precipitation of the drug
theihpsiigh SoltiBreRRBE chfmphees Tormatish with BidRBhelmetF forsle.glze

priGa, M9, E6nAh Bahgwhichimay leachut of glasscontainers arupRer active
stoppers or be present in ordinary tap water. The agent may actasa

Compspetithve Cthpleing dgeht withSthe g andproddce a T <didbeSmBtat 1ed to

a peanplexdeading te the prasepsg ©f pindesicahle 10 particylaies: 1¥e compound

. addition, the presence of an agent, e.g., sodium chloride in an amount of

1S SHRRGALE Mrigrihl 0 Hefust® élbc%ﬁi'cit%&trﬁ’@ﬁﬁ%%l&éé%&rﬁaﬁomally

adjbleeddnay/berequiref too ayeisktheswellingershrinkage pfefytheacytes

. _upan 15 administration of the intrayenous formulation leading to
1 R e bt SUNA LG Br HianAes it podSBl 1o
assoaiaied blogdl disordersunganesaletheipients include lactose,

dextrose, sucrose, sorbitol, mannitol, starches, gum acacia,
calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone,
cellulose, water, syrup, and methyl cellulose. The
formulations can additionally include: lubricating agents such
as talc, magnesium stearate, and mineral oil; wetting agents;
emulsifying and suspending agents; preserving agents such as
methyl- and propylhydroxy-benzoates; sweetening agents; and
flavoring agents. The compositions of the invention can be
formulated so as to provide quick, sustained or delayed release
of the active ingredient after administration to the patient by
employing procedures known in the art.

Administration of therapeutic agents by subcutaneous or
intravenous formulation is well known in the pharmaceutical
industry. A subcutaneous or intravenous formulation should
possess certain qualities aside from being just a composition
in which the therapeutic agent is soluble. For example, the
formulation should promote the overall stability of the active

ingredient (s), also, the manufacture of the formulation should
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tonicity of the formulation matches that of human blood which is in the
range of 282 to 288 mOsm/kg, and in general is 285 20 mOsm/kg , which
is equivalent to the osmotic pressure corresponding to a 0.9% solution of

e 3 me?‘%%%d&\?eh.e. '535{.’3“’%%‘“%33%@”?&'8’9 can be %‘Emé”éééﬁre%8¥ermine
direct intravenous injection, i.v. o?us, or can be administere B/y Infusion
thebyudditibn teancpsoprate wsfasSiohrsodwtionfsuch 25 as Ove¥bcsoelium
forﬁmggq?gge.ction or other compatible infusion solution. The compositions
are preferably formulated in a unit dosage form, each dosage containing

frommt&@myoedmg,tm@ L_ﬂshélll‘-y aboUtoED toaBoi<s0 mg of
phafif-active 30.ingredient; The term S‘f””c@ﬂ?ﬁgﬁf&émé% refges o Rhysically

~discrete units suitable as unitary dosages for human subjects” and other
invermmalsaeadle UaiR Contiing atsredetdrmnidd qubrnas 6 actipscpylene

g1y@aierial caiculated o pradyse the desired s34 therapeuticeffett b i ¢ aciq),
~association with a suitable pharmaceutical excipient. The compound is
c1tafective dver alWidB dosagedange ana iy Penerdlly admifvsteret Rl L/

me tBRArMacesteally effestiye amoeunte ©; Ityuil he-ynderstaogd: Boweyer, that
the amount of the compound actually administered will be determined by a

ac i FIcianTindhé fightof the reRvAHECIRMSEAREed ki theodur

hydeQhition torbe freateds the ehosen rpute af administratien, theactual
.compound administered, the age, 10 weight, and response of the

acif RAGAIpatient A€ seitily BF the Pafdhts ShBhs andtRe TRECESF
aciprepating solich camppsitionssuch asdnblets, the qpibcipal compoundiis odium

v BBeioN SBh g &' hBbGehdodS MACREGF a COPSUnG bl i 4+
g 0 f a E8MmpoUnd bf tHe"
manpresent, indeatiorn sWhen referring to these preformulation compositions

aSThe presence of a buffer is necessary to maintain the
aqueous pH in the range of from about 4 to about 8 and more
preferably in a range of from about 4 to about 6. The buffer
system is generally a mixture of a weak acid and a soluble salt
thereof, e.g., sodium citrate/citric acid; or the monocation or
dication salt of a dibasic acid, e.g., potassium hydrogen
tartrate; sodium hydrogen tartrate, phosphoric acid/potassium
dihydrogen phosphate, and phosphoric acid/disodium hydrogen
phosphate.

The amount of buffer system used is dependent on (1) the
desired pH; and (2) the amount of drug. Generally, the amount
of buffer used is in a 0.5:1 to 50:1 mole ratio of
buffer:alendronate (where the moles of buffer are taken as the
combined moles of the buffer ingredients, e.g., sodium citrate
and citric acid) of formulation to maintain a pH in the range
of 4 to 8 and generally, a 1:1 to 10:1 mole ratio of buffer
(combined) to drug present is used.

A useful buffer in the invention is sodium citrate/citric

acid in the range of 5 to 50 mg per ml. sodium citrate to 1 to
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homogeneous, it is meant that the compound is dispersed evenly
throughout the composition so that the composition may be readily
subdivided into equally effective unit dosage forms 20 such as tablets,

15 Blls 30d capsules, This selid preforpulation, s then subdivided Into Wil 5.1 o
gsa?ge forms of the %ype desctibed above containing flrom, for exampc‘fe, P

of @.1coa@bouth&00engobthiel active ingredient of the present invention. The

ta ills of t sent jnvention,ma oated o rwi
s b s E e D e
prepraoforigediactiont Fohexampte, the aablet sppillckd comprisecaminimer

£orfi0S206,20d an opterdosags gampenent, the latier being inyie form ofgn 55,

‘envelope over the former. The two components can be separated by an
whighterie Bolayperwhieh sefveslivsesispdishitegrationin e Bmaceamers or

pe RerOULHe iEHe%E‘HEHQE}%mttQ%P%%%@.Ct iptQ theduodenum or dohe o
delayed in release. A variety of materials can be used for such enteric
comggerstarCodiings; such matstfald intldding 8Sndmber 8 polyAietie aids

sol1and mixures ofelyneric aeidswith +35suehgnatedalsasshellagecetybble
alcohol, and cellulose acetate. The liquid forms in which the novel
Pardgfipasitisas of the present invention may be incorporated for

administeationigally ther by éiectian ipelude agyends seluyions suitably
hlflav,ored syrups, aqueous or oil suspensions, éamd flavored emulsions Wltlill
chladibioilssuth &8E5ttIn<2Ed¥iC SEsarhe Gil® cBEBRUL 0il -6r Peanttoit e
tonas ivell aselixis anghaimilan pearsraceutical yebistesnd @ Gampesitionsd to

for inhalation gr insufflation include solutifns an%‘susgensions in
AV Odarmicettically- At eptabi8 s H3iadhs o ofgahic E8IVEREES oPRitdtures
adrtheteafrand powders:riheiligiic oe solidscampasitions mayleegrdamng to
unc24Able, pharmaceutically accepiable excipients ag deggribed supra. 4
possibly to associated blood disorders. In general, the
tonicity of the formulation matches that of human blood which
is in the range of 282 to 288 mOsm/kg, and in general 1is 285
mOsm/kg , which is equivalent to the osmotic pressure
corresponding to a 0.9% solution of sodium chloride.

The intravenous formulation can be administered by direct
intravenous injection, i.v. bolus, or can be administered by
infusion by addition to an appropriate infusion solution such
as 0.9% sodium chloride injection or other compatible infusion
solution.

The compositions are preferably formulated in a unit
dosage form, each dosage containing from about 5 to about 100
mg, more usually about 10 to about 30 mg, of the active
ingredient. The term "unit dosage forms" refers to physically
discrete units suitable as unitary dosages for human subjects

and other mammals, each unit containing a predetermined

quantity of active material calculated to produce the desired
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15 Preferably the compositions are administered by the oral or nasal
respiratory route for local or systemic effect. Compositions in preferably
pharmaceutically acceptable solvents may be nebulized by use of inert

enegases, Nebulized splutions may be hreathed direclly from the nebulizing
evice or the 20 nebulizing device may be attached to a face masks tent,
phagméntermitteat pesitive peessure breathing machine. Solution,

su Q%&nﬁ@%ﬁ’%é C%!PP@%Q?O% may.be Qd&!‘i"éﬂéteé%%’agéef%a}?@é and is
orally or nasally, from devices which deliver the formulation in an
gengpprbpratdmanmeit 25Thel compbbadsefthis inveation afefwEAi4ye amount.

It, ah agonists and some pave g partial affinifyfor alphad hetaf infegrips.

The drug formulation may be administered less frequently to the patient
comphilé dchielingld Sindiirbr ifipfoved thérapebtic 3eteffert Rk by a

phyCAmpaunds of this.inyegtion have iproved inhibition, in yive, gf-adhesion
of leukocytes to endothelial cells mediated by VLA-4 by competitive

incyingigto WISA-20 PréfeiaBly t thEorhpbandsiof thiinverts cairbee ©of

adm4$eds €G-+ by iNfusion, =36-aLhy suhgtaneous ar orak administration, fof. ,
the treatment of diseases mediated by VLA-4 or leucocyte adhesion. The

welebhpodfds 6FPRIRTENtIDh b ided t6itdat B¥arieRof infiamifdeR -ty ©of
t hebkain: disgrders sespecially cential pgevousisystem 5 disorders in which the
endothelium/leukocyte adhesion mechanism results in destruction to
othERFisB Heiafthy Braifi tisste PR the cORpotings of the mPehtich caite
pribe uped fooRhuthe treatmeriDfexperimental aIMURe 1 excipient to
encephaﬁ[rgyeliti;éEAE muItiEIe sclerosis (MS menin%itis, and

£ GGttt 20 TH EETHLCAEE of TG T GAm N cAR Al 58 Tded o treat
homdigerdess and tiseasesdiieztodisspe damage reitherergant systemsyion.
Wheifle'if\év gzrrertli%sguet%arpgg%gl%)r% grr%g?a%qggh%%ir%gositions as
homogeneous, it is meant that the compound is dispersed evenly
throughout the composition so that the composition may be
readily subdivided into equally effective unit dosage forms
such as tablets, pills and capsules. This solid preformulation
is then subdivided into unit dosage forms of the type described
above containing from, for example, 0.1 to about 500 mg of the
active ingredient of the present invention.

The tablets or pills of the present invention may be
coated or otherwise compounded to provide a dosage form
affording the advantage of prolonged action. For example, the
tablet or pill can comprise an inner dosage and an outer dosage
component, the latter being in the form of an envelope over the
former. The two components can be separated by an enteric
layer which serves to resist disintegration in the stomach and
permit the inner component to pass intact into the duodenum or
to be delayed in release. A variety of materials can be used

for such enteric layers or coatings, such materials including a

number of polymeric acids and mixtures of polymeric acids with
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mechanism resulting in migration or activation of leukocytes. Examples of
such diseases in mammalian patients are 15 inflammatory diseases such
as asthma, Alzheimer's disease, atherosclerosis, AIDS dementia,
sucapetes nduding acyle, juyenile anset dipbsies). infammatory, howel
iIsease (inc ualng uicerative Colitis and Crohn's disease , Theuma oid-
acednlgtis, tissue transplantation rejection, tumor metastasis, stroke, and 20

other cer. It ephritjs,. refinitis, atopic_de itis, asoriasis
Iy e h e e e SR o e b T LU S ot the
pretyanwhichvesdurs in adult respiratonpdisaessisyrdropdn Still othiertt ion orally

or @i5eass conditions whichynay heltreated ysing: sn LOMAQUNGS.OTERG ;o rog

invention include erythema nodosum, allergic conjunctivitis, optic neuritis, _
SY Tipsitis, allefgic shifiiis ahk§loshrfSpohuylitig [phofiafie arpfitigmulsions with

ed1Yasouliis,sRejfers sundrome, sysiemic {upusLrythemajosus,JIegressivei 1, or
systemic sclerosis, polymyositis, dermatomyositis, Wegner's 30

peagianufomatodis, BBritis2SarebitrosisS lyrshdtidpetia P letipeiaf dité fitis,

vehBericatditis, myocarditis, congestive heart failure, polyarteritis nodosa,
hypersensitivity syndromes, allergy, hypereosinophilic syndromes,

ChbfyeBfrakHSs syidrbfte, 1EHIBni lobsetruetive PalMidrary tideases L ude
so 1hypersensitivitys3ddenesmenitis, chronie agtive bepatitis, inferstiakpie,
cystitis, autoimmune endocrine failure, primary biliary cirrhosis,
AqUE O MTNB HAsHE ifehiial Effronft pdrsistétiiepatifis &Rd- tiyRdlarigaers -
Theb Theunvenrtionsalse prevides aethedssfonfreating e-disease Staiee
N caused or_exaé: rbated at least in part by alpha 4 inte(grin-media ed
PhaEREEytE bhidt § Th & patiRRE wiick fiethods! contbrise Co-admtistration’ -
Pre@iampifectitecaraouptoaf iac compouamne cfdhe iventioadelgy, &eaempound or
nasZiF Qe | 2nd an 10 effecfive aount of @ separate compaund which is
Compositions in preferably pharmaceutically acceptable solvents
may be nebulized by use of inert gases. Nebulized solutions
may be breathed directly from the nebulizing device or the
nebulizing device may be attached to a face masks tent, or
intermittent positive pressure breathing machine. Solution,
suspension, or powder compositions may be administered,

preferably orally or nasally, from devices which deliver the

formulation in an appropriate manner.

The compounds of this invention are VLA-4 antagonists and
some have a partial affinity for alpha4 beta7 integrins. The
drug formulation may be administered less frequently to the
patient while achieving a similar or improved therapeutic

effect.

The compounds of this invention have improved inhibition,
in vivo, of adhesion of leukocytes to endothelial cells
mediated by VLA-4 by competitive binding to VLA-4. Preferably,

the compounds of this invention can be used, e.g., by infusion,
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inhibitor. The co-adminstration can be carried out simultaneously or
sequentially. For example, administration of the compound of the
invention can precede adminstration of the a44 inhibitor by minutes or

o ous, pllematively, the, g 19 nhibitor canbe administered priorto e e o
cé/mpounéilso the “invention. Appropriate in vivo models for emons?ratlng
disefficacy inetreatingl inflanyhatoty eesponses inclede EAES (experimemntal

comg%ﬁﬁ?}(’ﬁ@ upe gneephalomyelitis)in ﬂ%ebreat%ds%‘é”%% Pigs. 0120, pUmates, | ¢
s well as other inflammatory models dependent upon a4 integrins.
infihflmmmtatory b@\ﬁéhdiéefaser@@@ollmip@_qémﬂqr_ tmn‘simiﬂaers system
a1 s'sferred t gs Grohns disease and ulcerafive .colilis, Cronnig disease fS chani sm
an idiopathic, chronic 25 ulceroconstrictive inflammatory disease
resghdractetized byr skarphdélimitdd and bisicalgatidismirapinvolveRféit of

thudll layers ofihe bawel wall by a grapulomajqus inflamamatary; regetion. ., the

Any segment of the gastrointestinal tract, from the mouth to the anus,
LremayPetindivedPatthotihtthe diseesEHBSE3C BEMPoNIy BIfEEtstRE (EAE)

multerminal deumand/ar qalen. Ulgerative: eolits is.an inflampiatonyresponse
limited largely to the colonic mucosa and submucosa. Lymphocytes and

maerephages aie drurmerousdn iesiens obinflammatopsbowel diseaseandcat
. may -38 contribute to inflammatory injury. Asthma is a disease
AL SOTstaERIiZ8Y by ificreasEd TeSpbiisivendds oftidritheBbronchial 883"
sysﬂge\rr&ri,ous .séimulbg]pemtiaﬂag@ar@@rsmﬁé pemst@icﬂ@@@fma{bf@nahiah_dhes ion
mec%lrwatys. 5 The g;clmull cause relea%el of various medla%grs of A?flggu%atlon

PomIGE-doated mast cells fhciliding RistathinaS edginophific %An ocytes.
Exangdteaphilfc cherhotactie factors] teuketnines] prostagiandirs and glatelet
in fﬁ%tgl’%'% EaCtﬁ& saﬁa'%]%sse of these jfactars recruits basophils, eosinophils

an neutroﬁ’hl S, whic
atherosclerosis, AIDS dementia, diabetes (including acute
juvenile onset diabetes), inflammatory bowel disease (including
ulcerative colitis and Crohn's disease), rheumatoid arthritis,
tissue transplantation rejection, tumor metastasis, stroke, and
other cerebral traumas, nephritis, retinitis, atopic
dermatitis, psoriasis, myocardial ischemia and acute leukocyte-

mediated lung injury such as that which occurs in adult

respiratory distress syndrome.

Still other disease conditions which may be treated using
compounds of the invention include erythema nodosum, allergic
conjunctivitis, optic neuritis, uveitis, allergic rhinitis,
ankylosing spondylitis, psoriatic arthritis, wvasculitis,
Reiter’s syndrome, systemic lupus erythematosus, progressive
systemic sclerosis, polymyositis, dermatomyositis, Wegner’s
granulomatosis, aortitis, sarcoidosis, lymphocytopenia,
temporal arteritis, pericarditis, myocarditis, congestive heart
failure, polyarteritis nodosa, hypersensitivity syndromes,
allergy, hypereosinophilic syndromes, Churg-Strauss syndrome,
chronic obstructive pulmonary disease, hypersensitivity
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10 cause inflammatory injury. Atherosclerosis is a disease of arteries
(e.g., coronary, carotid, aorta and iliac). The basic lesion, the atheroma,
consists of a raised focal plague within the intima, having a core of lipid

neumonitils
PReEnd Weakeh a

and a covering fibrous cap. Atheromas
e e Rrar B eeirs

stitis,

or]e;lnromise 15 ar%elrjcal gioo(:cl flocw

autmajorconseqdencelofthisadiseass. Macrephades angrgukocytés aries ,

aut()eflggn%{%getoa theromas gﬂ%m%%}“%%%%i@'agg@gmé@i%

hronic, relapsing inflammatory

arthritis Is a

e toid
ayﬁ§ag and

disease that primar

thyeauséstmpairment and destruction of joints. Rheumatoid arthritis usually
first affects the small joints of the hands and feet but then may involve the
wristse elboiRs tHifklesaf® kREEY TTHSafisritio@sulks froft SRtetadion giisease

sta®aVvial cells withdeukooyies that infiltialg 2o fi@!“ﬁﬁ%@rﬁg'ag@@ﬂﬁo 4he

synovial lining of the joints. See e.g., Paul, immunology (3

ed., Raven

1nTPrEsEN 19§8) AkRotheFiFfdfcationter theCompodhd o tRIsHinvaiticH st thods

contseatment of orgameoxgradtreiaction mediatedby VIA-4nmOyeEresent compound
years there has been a considerable improvement in 30 the efficiency of

of SlrgichMtechhidues 6r fansplanfiig fsstitsand Srganssuth a&kii™

e £ riidReY,divenNaart, Jung,

pansreas: and hepsynarw: Berhapsitheq, s,

~_principal outstanding problem is the lack of satisfactory agents for

inhingbEing immurotelerastelins BRheYecipientt the ransplanted allograft

sim%@‘%@ﬁ@o%l%? @H%%%ﬁ‘é‘ﬁ%@ﬁ?ﬁgaﬂﬁc%eé%@é‘ﬁe%Hﬂ%@ﬁi@@%ation of
(i.e., the donor and donee are different individuals from the same

theg e e Rdst HAfUHRYS/SteMRs RSl RS RGLH andfifgigstion of the

o, 1ESRONSS; 0 foreign gntigens,inthedransplant (Rost;versys; of

Teading to destruction of the transplanted tissue. CD8" cells,

ft diseasg) s
D4 cells

inhahd ronoeytestareadninvslosd nadhe rdjecticroof-trgnsptammcaisedes of  the

< nveampounds of this

Appropriate in vivo models
treating inflammatory responses
autoimmune encephalomyelitis)
primates,

a4 integrins.

Inflammatory bowel disease
similar diseases referred to as
colitis. Crohn's disease is an
ulceroconstrictive inflammatory

sharply delimited and typically

in mice,

for demonstrating efficacy in
include EAE (experimental

rats, guinea pigs or

as well as other inflammatory models dependent upon

is a collective term for two
Crohn's disease and ulcerative
idiopathic, chronic
disease characterized by

transmural involvement of all

layers of the bowel wall by a granulomatous inflammatory

reaction.

mouth to the anus,

commonly affects the terminal ileum and/or colon.

Any segment of the gastrointestinal tract,

may be involved,

from the
although the disease most

Ulcerative

colitis is an inflammatory response limited largely to the

colonic mucosa and submucosa.

Lymphocytes and macrophages are

numerous in lesions of inflammatory bowel disease and may
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invention which bind to alpha-4 integrin are useful, inter 10 alia, to block
alloantigen-induced immune responses in the donee thereby preventing
such cells from participating in the destruction of the transplanted tissue

conhorgan. Sgg, €.0: garlﬂl et\t q_J. Tlr%n%q_,lant International 9, 420-425
?1539%5% %eorczyns&l et aa[., ?mr\%'nuno?ogyy87, 573-580 (1996); Georcyznski

15 gt.al, Lrapsplang Jaumunol 3,.95:61 (1999)3 Y8D9 &1 ale s seq
Transplantation 60, 71-76 (1995); Anderson et al., APMIS 102, 23-27

res@o94). vk relaredodsefor corfpouneds of tkib ientivA sviieh Bl ey VLAL4mull

potiSiR mﬁ%@%wmgﬁe respopse invalyed,ip 20, gt yRrSUSAOSE ryays |
disease (GVHD). See e.g., Schlegel et al., J. Immunol. 155, 3856-3865 .
The(1995N G VHERISSEpétehfiaiPiatdl UzEass thatvtearowReqt 1nflammation

frofmyRalegically competent celis are. fansferred ta-am allegenic i nophilic
recipient. In this situation, the donor's immunocompetent cells may attack
andidiek iR e 25 feGPRINE tRSSUSS dfthk Skity, gl BpRthelia 4t liver are

profsequenttargets and maybe destieyed during thescawse of GYEHE:dher these
disease presents an especially severe problem when immune tissue is

£acheihg tamSplahted, AR H borne Thanoh’ rafispiaftdtion baPsd S/ Which

causevere GVinkasrgise begnyeported in 30 other cases as well, including
heart and liver transplants. The therapeutic agents of the present
invantien arecusad, drter ialiaa talblock activetionrafthé ctonoe Tecellscoronary,

caxliptehy Interfering with their ity fo yse farget galls in the host, 40 The
ofmulations of the present invention are especially” useful in the

contseatirrent Of anuttiple sdlefosis Lrhelarateidw arthritis ahe asthmanaA furtherng a

o591 thecomaounds of s yention is 8,0 bitng UmOr IERSIeSiS s - ons se
Several fumor cells have been rgportedt to expregs' VLA-2 and
arteompoutdedlichloind MA-ddidckn affected arteries. Myocardial

and cerebral infarcts are a major consequence of this disease.
Macrophages and leukocytes are recruited to atheromas and

contribute to inflammatory injury.

Rheumatoid arthritis is a chronic, relapsing inflammatory
disease that primarily causes impairment and destruction of
joints. Rheumatoid arthritis usually first affects the small
joints of the hands and feet but then may involve the wrists,
elbows, ankles and knees. The arthritis results from
interaction of synovial cells with leukocytes that infiltrate
from the circulation into the synovial lining of the joints.

See e.g., Paul, Immunology (3d ed., Raven Press, 1993).

Another indication for the compounds of this invention is
in treatment of organ or graft rejection mediated by VLA-4.
Over recent years there has been a considerable improvement in
the efficiency of surgical techniques for transplanting tissues
and organs such as skin, kidney, liver, heart, lung, pancreas
and bone marrow. Perhaps the principal outstanding problem is

the lack of satisfactory agents for inducing immunotolerance in
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adhesion of such cells to endothelial cells. Steinback et al., Urol. Res. 23,
175-83 (1995); Orosz et al., Int. J. Cancer 60, 867-71 (1995); Freedman
et al., Leuk. Lymphoma 13, 47-52 10 (1994); Okahara et al., Cancer Res.

eneD} 3230 (1999). Gompounds havind fhe desred piologial actiyly mgy
be motitied as necessary to provide desired properties such as
allingsroved phaimacaologicabpropetties (ergnispdvo stabilityyto a host (i.e.,

thebié?%%\"c?r”ag'&ki%)d%t@s %P%'QV&P‘EQFé%CSe%%Q@EJQB 4e 1?988'.‘%%?%2%%
Sta ||ty can pe assayed In avarlety orways such as by measurlngt e
spelalelife oftthe proteisiduringe ircubagion Mthlpé@ﬂdasé@ onpunfaren immune
resPBEMR ¢serum. fpumpen Of such proigin stability assays NaYeheen, o s-
described (see, e.g., Verhoef et al., Eur. J. Drug Metab. Pharmacokinet.,
grafgo@iipeasel):8393). Mfurthef €86 Of e eOMPBURES oL A FIVEANGIE &

t 1 sify reating, prultiple;sclerggis. Mujtiple Solerasis i5-8 JUQOLBSSIVEI 1 involved
neurological autoimmune disease that affects an estimated 250,000 to

in 356006 {REPISR thE UrikasSthiest 25'MakipR- scIERBRISIRSUGHT t5bes

invifier esHlt pha spesifis jawgimmyng reactioninwhich certginleykocyigs o r
~attack and initiate the destruction of myelin, the insulating sheath
a1 1goverghétFé fiber 3A hhErimarmoterfot Hitiisle "SAIBRISRS urfhet e

don@@ngglopabantibadies direcied agrinst VLA-4 30nhaveheamshowmip in the
block the adhesion of leukocytes to the endothelium, and thus prevent

de sihRgmm&ibrS thBeehtral ?i%]r\?dl}éeéﬂys‘féﬁ U SUbsebBeAt parafisis -9+ 7
Pautheaanimals16r Phaspageuticah cempasiions of the inyenuors areL syitgbie

-41 for use in a variety of drug delivery syst . Suitable formulatigns for ,
o b prébortindentoRLS BA T RamiaHits PhAdnhieutiey Feyznski
et Saience&aMa@eLE’u_bl_jSMm@@wﬂparW"_ BBilﬁ@Elp{rﬂ&@BA; 1_%@.419&5). ,
1R IDE AUt adpistered o the patsnt yillyan depending | apurs 102,
23=-27 (1994).

A related use for compounds of this invention which bind
to VLA-4 is in modulating the immune response involved in
"graft versus host" disease (GVHD). See e.g., Schlegel et al.,
J. Immunol. 155, 3856-3865 (1995). GVHD is a potentially fatal
disease that occurs when immunologically competent cells are
transferred to an allogeneic recipient. In this situation, the
donor's immunocompetent cells may attack tissues in the
recipient. Tissues of the skin, gut epithelia and liver are
frequent targets and may be destroyed during the course of
GVHD. The disease presents an especially severe problem when
immune tissue is being transplanted, such as in bone marrow
transplantation; but less severe GVHD has also been reported in
other cases as well, including heart and liver transplants.

The therapeutic agents of the present invention are used, inter
alia, to block activation of the donor T-cells thereby
interfering with their ability to lyse target cells in the
host.
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upon what is being administered, the purpose of the administration, such
as prophylaxis or therapy, the state of the patient, the manner of
administration, and the like. In therapeutic applications, compositions are

admjnistered (0,3 10 patientalready suffering from.a disease in.an amount
sufficient to cure oF af least partla?Iyparres?{he sympﬂams of The disease Y

usednd its coniphicativrest enamodntradeéguate te aceomplish thik ésidefimed]

a r%%'itp§frapaer$]gcglglt%%%ctive dose." Amounts effective for this use will
epend on the disease 15 condition being treated as well as by the

judgment of the atending,glipician,depending Hppp factors such; as the,

severity of the inflammation, the age, weight and general condition of the

inhagtidntlan d tHeOIk e The CorfpSsitionsCahmistEREEPH & Patentisdd  fren

reploFPe 4040 phappaceutieal campesitions deseied,aboye. Jhesevia-4 block
compositions may be sterilized by conventional sterilization techniques,

adhgshay HelstaHieTiltered: STHE restfting aqusdlisCsditifions migyiperack et al.,
UroRackaged fonuse as i r [yaphilizedo thes Jyephilized preparation heifger 60,
combined with a sterile aqueous 25 carrier prior to administration. The

86 7thétapdutic HosaE Bt tHE Compotihds of & prek &P nhtion wift (anRs
(1 9aeoordingdaafes example, the padiculate yse far,whigh thes treatmeant is
made, the manner of administration of the compound, the health and
corwlitrgroohthe 3tpatientard thesjudgment of thei prescebingphysgiciay be
Faqr. example, for intravenous administratipon, the dose will typically be jn
mod 2L ZRg8 of ABSGE20 h (s AHBaPI00N g por iogram iy waghE " 2
i mppreferdbiyhabout 201ugy tocabout 500eug, -4 2 mMeregpreferablyiabous 180 Ubity,
bio0:20041 300,ug per k'_'é’gr%rﬂebo%iWe%htt%uééab'%é’%%%%éa%ﬁ_sdf?& nostic
infranasal administration are generaljfy botit 0.1 pg to 1 mg per kilogr
aprbodypweighs.. Effectivel doses cambeexarapolatet fronedose-fesppnse ways
sucﬂ”ggsby measuring the half-1life of the proteins during
incubation with peptidases or human plasma or serum. A number
of such protein stability assays have been described (see,
e.g., Verhoef et al., Eur. J. Drug Metab. Pharmacokinet., 1990,

15(2) :83-93) .

A further use of the compounds of this invention is in
treating multiple sclerosis. Multiple sclerosis is a
progressive neurological autoimmune disease that affects an
estimated 250,000 to 350,000 people in the United States.
Multiple sclerosis is thought to be the result of a specific
autoimmune reaction in which certain leukocytes attack and
initiate the destruction of myelin, the insulating sheath
covering nerve fibers. In an animal model for multiple
sclerosis, murine monoclonal antibodies directed against VLA-4
have been shown to block the adhesion of leukocytes to the
endothelium, and thus prevent inflammation of the central

nervous system and subsequent paralysis in the animals'®.

Pharmaceutical compositions of the invention are suitable

_41_



10

15

20

25

30

5 derived from in vitro or animal model test systems. Compounds of this
invention are also capable of binding or antagonizing the actions of c6~1,
a01, 907, aa~2, aea? integrins (although 901 and a9pl are preferred in

this inventian), Accor@inq}l;_(E C mpouopedf.of this inve t!a%saresaﬁl%%g%%fgl

for, Us 1ln a ‘varle . Very .Sys .
for 10 preventing or ré/versmgrtﬁg sympjtoms, disdrders or diseases
forindueéd by she bindirseofithesb éntegrns ta: thieirvres pectivea tigafdsi rkbr in
, Int ional Puhlication N rw / ; ishe
R e ber 5. 606 (& AlsdlosLrs of WIS 15 neoreratod herdm =2
Phifedeiehet i its Bhtirety)tdnd defefér¥des) cited therein describe disorders
mediated by a07. This reference also describes an assay for determining .
anthgBnRAPERS0 2 aBpERdeErt Batting td- Ve ANilg fusioi pidtei@ry depending
upofdditigrally, compoundsthatitind 2aa2 and-aen{ iptagrins s 20 ake

particularly useful for the treatment of asthma and related lung diseases.

admgag SfoF ekample, M. GFayRbRRat Al 231 Expr Mte 1908, 188@ 15 tate of

the2334-2491., Comporpds thatdind agph itegrn are alsorsefuldonthes .  1n
treatment of systemic lupus erythematosus (see, for example, M. Pang et

thezangrtiritts 28RNt 1998, 249081 1956-1083) Crommddisegde red to a
patulearative colitisyand iflammatory howel disease £IBD) (sgeafasexample,

D. Elewaut et al., Scand J. Gastroenterol 1998, 33(7) 743-748); Sjogren's
SULLJCHEME (58 Sfof Bxample: U.HrohekPét- aP 1S dart 3 SEhstrbgntaraiotoms of
thel998;2743), 215-218); anch30 rbeumainid arthritiases,; formexamples to

rlﬂ ghGgﬁtlr%enterer%Ql%% ?453), 293-298). And cgﬂpoun%? that.bind

Sca "
aCCR68 may be usefu in preventing ?ertiﬁ?ftf%a Fslég,lﬁ)r exgmep ﬁg.téﬁgn dose.

Amoeinals Gherr cBiol €l 999y 61 h-190) <43 wianbthenaspect of thiednderitons e

corfie.Qompaunds and. comppsitions descried herein can e used tonpi
immune cell m%ratlon rom the bloodstream to the central nervous

attending clinician depending upon factors such as the severity

of the inflammation, the age, weight and general condition of

the patient, and the like.

The compositions administered to a patient are in the form
of pharmaceutical compositions described above. These
compositions may be sterilized by conventional sterilization
techniques, or may be sterile filtered. The resulting aqueous
solutions may be packaged for use as is, or lyophilized, the
lyophilized preparation being combined with a sterile aqueous

carrier prior to administration.

The therapeutic dosage of the compounds of the present
invention will vary according to, for example, the particular
use for which the treatment is made, the manner of
administration of the compound, the health and condition of the
patient, and the judgment of the prescribing physician. For
example, for intravenous administration, the dose will
typically be in the range of about 20 pg to about 2000 pg per
kilogram body weight, preferably about 20 pg to about 500 nug,
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system in the instance of, for example, multiple sclerosis, or 5 to areas

which result in inflammatory-induced destruction of the myelin.

Preferably, these reagents inhibit immune cell migration in a manner that

inhibits demyelination and.that further m 0 remyellna Q The
morrea% f ma){)/e'LaYso %re\?en]tec?en]ffel?ﬁatlo%ﬁé g‘%gﬁo myel?ﬁa Aot body
weithletcenti@ih 10 aebvoosystemfengesgemital metabaim:aﬁéo@émmlwhmhtlon

infllralipg Jmipune. gelsafieds g develppment. myein shegtf, painken,,
“*thé CNS. T?g]reagents prefcéggly also reduce para:Lys§ ﬁl JHYWelgne.
Ef f@dﬁﬁﬂrﬂ@tréi@d 6 acsubjéut vﬂﬂtp@r@%@stwblfc]e@hbm glemyefinatiie curves
aerdigease ppfondiion. A niammateny dissasss fal are eluded for

[

treatment by the compositions, compounds and methods disclosed herein

includeganerally.gonditions; relatingite.demyelinatign - Hisielogicyp i nding or

myelin abnormalities are either demyelinati L%nor dysmyelinating.
antpeRfyehinatorintolres thetestilctoR of 20fhyefinP Dysthyelindtidn réfet§grins

(altordefgetive farmationop , mairtepaage ef-axyelin resulting ot ion) .
dysfunction of the oligodendrocytes. Preferably, the compasitions and

Acchipthots! YisclodBaheen &b ddntempRrsd to-fBardiSedseianfeful for
pre&@iditions relatingtedemyelination pndraid withdds rmyelinatiendiseases

Additional diseases or conditions contemplated for treatment include
InOERthgits, EhCepHARiE and Spiraf 88rd1ﬂﬁﬁﬁéfsl8ﬁd tBnéitiGns geRarmg Ve
1igwhigk .induce demyelination as a result of an inflammatory response. The

compounds, compositions and methods disclosed herein are not directed

30 Fwarels atigeases hé’n@hiﬁtteaieisqﬁomwatrnplewca 98/53817,
pub?_ %lcdd%g%telggglggio imp rpl)éelln forrgatl?ln e. %mcyﬁellnatlon

e compositions, compounds an cocktails disclosed ereln are

inceomtermplatdd ferngsenintive atigeoonditionsrand-diseases  e44 hssoclated

ref@?@ﬁ@@@“@@%@ﬁlé%é?%§%§%ﬁ%S%Q@QO%Esorders mediated by o4f7.

This reference also describes an assay for determining

antagonism of oyf7; dependent binding to VCAM-Ig fusion protein.

Additionally, compounds that bind ogf, and o.fy; integrins
are particularly useful for the treatment of asthma and related
lung diseases. See, for example, M. H. Grayson et al., J. EXp.
Med. 1998, 188 (11) 2187-2191. Compounds that bind o.By
integrin are also useful for the treatment of systemic lupus
erythematosus (see, for example, M. Pang et al., Arthritis
Rheum. 1998, 41(8), 1456-1463); Crohn’s disease, ulcerative
colitis and inflammatory bowel disease (IBD) (see, for
example, D. Elewaut et al., Scand J. Gastroenterol 1998, 33(7)
743-748); Sjogren’s syndrome (see, for example, U. Kroneld et
al., Scand J. Gastroenterol 1998, 27(3), 215-218); and
rheumatoid arthritis (see, for example, Scand J. Gastroenterol
1996, 44 (3), 293-298). And compounds that bind o¢B; may be
useful in preventing fertilization (see, for example, H. Chen

et al., Chem. Biol. 1999, 6, 1-10).
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involving demyelination include, but are not limited to, multiple sclerosis,
congenital metabolic disorders (e.g., phenylketonuria, Tay-Sachs
disease, Niemann-Pick disease, 5 Gaucher's disease, Hurler's syndrome,

Krabbe's disease and other leukodystrophies), neuropathies with
i ool e gt i e T EEL

compolgnéuropatye(SiDPYcmultifocal CIDP) aht-MAGSSyndreme LIGALORmune

ce ﬁy'}g{%@g t 'flgﬂ_sflgg%decﬁgtll%qqyo%ymgm ' %gtl-&l\éZ é‘ Q %Iggdgﬁe rvous
syndrome, POEMS syndrome, perineuritis, IgM antl-GDll? antibody

sy sgymdromel,rdrugrelated demielidatiore(esgip ¢auset by the adatidistiation , or

to Qheflaragiing, FKS06; pethexiline; procaipamide, andzimeldine), other, ¢

hereditary demyelinating conditions (e.g., carbohydrate-deficient
thegpyeprotein, I3 €bekayiers syhdrdme; cdagehital Hyboyelinafingie cell

migeQngenital muscplardystrophy. Faibers diseasg, MaIneseos:Siod 8N that
syndrome, metachromatic leukodystrophy, Pelizaeus-Merzbacher

furgisgas@ReRunrTisCases Privh reritédondifibfs, ErESAllS disease}so
predRg other demyelipating canditighs (@ 8« Meningiiis 20 encephaliis Or central

spinal cord Injury) or diseases. There are various disease models that can

neryeysed 15 sty these Uisedsesan Vivo: EoP xantple’ ArffaaPmbdelsh+ ch
infincligdetit caremetlimiteshtos TableddDiseaseiMadeb SpeeiesmEAEin sheath,

‘Mouse, rat, guinea pig Myelin-oligodendrocyte Rat glycoprotein (MOG)
"2 iliicdd EAE TNIEa trahSgeriic Tl of MUse” BB efinatior 250
pa rMultiple; Selesesis dhennesteoramondemyglinating disegiseds puliple s
i naSEIEIPS], bt many siher metabolie and nflammatory disorders

Inflammatory diseases that are included for treatment by

the compositions, compounds and methods disclosed herein
include generally conditions relating to demyelination.
Histologically, myelin abnormalities are either demyelinating
or dysmyelinating. Demyelination implies the destruction of
myelin. Dysmyelination refers to defective formation or
maintenance of myelin resulting from dysfunction of the
oligodendrocytes. Preferably, the compositions and methods
disclosed herein are contemplated to treat diseases and
conditions relating to demyelination and aid with
remyelination. Additional diseases or conditions contemplated
for treatment include meningitis, encephalitis, and spinal cord
injuries and conditions generally which induce demyelination as
a result of an inflammatory response. The compounds,
compositions and methods disclosed herein are not directed
towards diseases and conditions wherein there is, for example,

a genetic defect leading to improper myelin formation, e.g.,

dysmyelination.

The compositions, compounds and cocktails disclosed herein
are contemplated for use in treating conditions and diseases
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result in deficient or abnormal myelination. MS is a chronic neurologic
disease, which appears in early adulthood and -45 progresses to a
significant disability in most cases. There are approximately 350,000

cases ofol\/@ .|r%1t]h%urgltgqlsrgg%e%%lone Qutside of trggma Md'S S

is.the
S most Frgquenjt cause of neuro ogic disagfﬁ{?’y(alﬁse%sflyato mitcil?ipe adulthood.
invl Thercausenof MS isiyetto bendsterningduMStiss charactenizeddsy to,
mul‘%*lrgﬁ'ec 'Qﬁ%’@ﬁ!ﬁg@?; dswgli%%“é’&%det ‘88?i(éc%r{'é‘g%d%‘%?y‘%'é”.%}'f)f‘
may result in either negative or positive effects on axonal conduction.
phepgditigd caomduetioT abnéandlitiedlinclade sloWethaxonal torddaéticta 49,

Gauaiable conduction black that ogeursin g, presencs, of Nighy UL 0oL 5ng

low-frequency trains of impulses or complete conduction block. Positive _
otheghdurib A @bPbARBN eSS helute WedBHE Nrfpulsel génévatiemal myelination

(e .SPoNtanequsly ar following meehanical stress and-ahnormal ‘grass-talk”

between demyelinated exons. 15 T cells reactive against myelin proteins,
po LefifatrRyelin® Basie PtBiein TMBP) &F fivelin Brbreofipieiprdtéin $PLPY REve
caLbeen;ghsgrved fo mediate GNsdntlammatiopda experimental allergic - cm2

enceé)halomyelitis. Patients have also been observed as having elevated

antpie Yofm§¥ﬁ%no%%ﬁins(¥d)@ﬁ?§1?® e sossidié that @pfi-Ghlb
antthedisgue damage-observad inMS is megiated byreytakine prodycts ekused by
activated T cells,, macrophages or astrocytes. Today, 80% patients
thegiaghdSed iith M8 Tve 205 E:rE afer Yirsel BPiflResd SPHETAgies 161
prodanagingdds inelade {kE2% reatmentaimnednairaadifieatiordebtiiel inat ing
isease course, including égg\?é]ment of acute exacerbation and directed to

CONBhG Rt sippressiGn o 5855615 treatmentor R Ry Mptos of
CocMSy(3) preventinroand treatyentiafanedigabegraplicationsg andddyenital

managemen of s condkary Bers,onal and social Blroblems. 30 Ehe onset of

musgiEld STro o T ﬁa S dls?ase arinesco-sSjogren
may ramatic’or so mild as to not cause

syndrome, metachromatic leukodystrophy, Pelizaeus-Merzbacher

disease, Refsum disease, prion related conditions, and Salla

disease) and other demyelinating conditions (e.g., meningitis,

encephalitis or spinal cord injury) or diseases.

There are various disease models that can be used to study
these diseases in vivo. For example, animal models include but

are not limited to:

Table TIIT
Disease Model Species
EAE Mouse, rat,
guinea pig
Myelin-oligodendrocyte Rat
glycoprotein (MOG) induced EAE
TNF-o transgenic model of Mouse

demyelination

Multiple Sclerosis

The most common demyelinating disease is multiple
sclerosis, but many other metabolic and inflammatory disorders
result in deficient or abnormal myelination. MS is a chronic

neurologic disease, which appears in early adulthood and
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a patient to seek medical attention. The most common symptoms include
weakness in one or more limbs, visual blurring due to optic neuritis,
sensory disturbances, diplopia and ataxia. The -46 course of disease may

be stratlfledclnto three%e):ger n%aﬁ%o%fl(l)trelapsm%%?cs C(gt%chronlc:fhere

Pr O|grogresswe ﬁ)/ISa and- (3) inactive ap3| MS IS Characterized b
areregopenk attacks vf Aédrolddic dysfanctidn MASiattacks géneratly evohiess
a1oR¥er dayss0 weeks and may be followed by ( C%%@%tefii’ééc@éﬁjé Wuse of
recovery. Recovery from attacks generally occurs within s to several’
neumphtisiffomithe lpeaktof symptems yaltiroughdddrelyasbmé recsVery may
continue for 2 or more years. Chronic progressive MS results in gradually

proBféssiie! 10 wérdeningawitiout perfetls &F statsitizztion orfémission.
cha Faistformdevelaps.inpatieats; with a-priar istorysehy M$ and

although in 20% of E;latlents no relapses can be recalled. Acute relapses
911q186 tndy? 66cUr diffihg thEPrIGressive Course A e formis iractive Ms.

neghactive MS iseharacterized cla by fxed nedeologie defieits ehvarialle i t ive

magnitude. Most patients with inactive MS have an earlier history of
confiai WS BREALS Chbfsc RS Bepdftitl GHRHge BRAEC Lon,

varpatient. cemexamplenfayourable psagnastic factors inglider 26 €adly ansehigh-
(excluding childhood), a relapsing course and little residual disability 5

buty OG5 atfel ohSEH By EohtrasE - PooriroafiBsis I8 SsSdciselRuith & [gnduction
bloage of enseities agmdlot olderhand anprogressyeicotlseicl haseopic

variables are mterdependen;CI since ¢ ronlcrp %%refswe MS tends to
y

lmpuegm al 255 RlrdrAye (T TAIARSIRG MS. Sisabiiity from chrBhic™ 2+ <2t

s t rprogressiveabSisnusually doe 46 pragréssive paraplegiayerl quadriplegiaons .
(paralysis) in patients. In one aspect of the invention, patients will
preferablylise treatediwher thel patientyislin nemissionirashercthehdmr anyelin

bas%%a%%@%g¥ge(ﬁéa§ or myelin proteolipid protein (PLP) have
been observed to mediate CNS inflammation in experimental
allergic encephalomyelitis. Patients have also been observed
as having elevated levels of CNS immunoglobulin (Ig). It is
further possible that some of the tissue damage observed in MS
is mediated by cytokine products of activated T cells,

macrophages or astrocytes.

Today, 80% patients diagnosed with MS live 20 years after
onset of illness. Therapies for managing MS include (1)
treatment aimed at modification of the disease course,
including treatment of acute exacerbation and directed to long-
term suppression of the disease; (2) treatment of the symptoms
of MS; (3) prevention and treatment of medical complications,

and (4) management of secondary personal and social problems.

The onset of MS may be dramatic or so mild as to not cause
a patient to seek medical attention. The most common symptoms
include weakness in one or more limbs, visual blurring due to

optic neuritis, sensory disturbances, diplopia and ataxia. The
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30 disease. Short-term use of either adrenocorticotropic hormone or oral
corticosteroids (e.g., oral prednisone or intravenous methylprednisolone)
is the only specific therapeutic measure -47 for treating patients with acute

exacer ti nofMS New rthera s.for MS include treating the patient
co e [ e eh L Nl e e
catkmowr as copblymerigphese Hitee drugshavebeepshgwade bve MS, and
3) SRR I ce the [elaRee (GO 1e dingase 099 40P ey rent
seli-administered intramuscularly or su cutaneously However, none o
at tiheksurmeiht iatim éntmeo ddlitiss inhibito demyiknations (8talarrer promdtesevolve

oved ¥ %%OQ&@%%%U%F?&“X%{'QG‘E%” L 1qAHEES RATAlYSIS, ONEAsReCtOf 41 or

the 10 invention contemplates treating MS with ageénts disclosed herein
no @itfEreEtae or RECOINBIREALIGH With-Gthecstandarbteathient Crpiggalitiest hin

weekONgenital Mstgholic Disorders Gongenital metapolic disardars, inchidg, ugn

phenylketonuria 15 (PKU) and other amlnoaC|dur|as ay- Sachs disease,
rargigmatiPicke apeasy, Catckersdisesse, %ur?er%rsyﬁ%&ﬂ@eﬂifa%be s
disease and other leukodystrophies that impact the developing sheath as

deSHHBRE RoR Iy DRRW PRY i 87 infitited efb? OF etdbolisny eSS 1ve

o reausatpyya 2-deficiency da the enzyme phenylelanine hydioxylaseohqss This
of this enzyme results in mental retardation, organ damage, unusual

t OrB‘o&ﬁF’ee&r?éD Ba MinEases B ndtdial PIU, sebefely ‘WiMpidfids 1apsing MS,

altpreggandy. A& oodef farsstudying PKid has beepediseavered irauea.led.
Preferaf |nfantSJ;JIent|f|ed with PKU are 25 sg&lalned on a henélalanlne

Acufteee }6? erea aae s\f)ecF olf]fhe ILH{/JQH on WOU]?CFBg]EOe C(S)I’Jﬁ mecé)ﬁlc

dle}§ \glhh th ounds andtcqump%tlon%dlsclosed %eln fo prevent

nac CCIV PEVEM e rized
demyelin atlon anc emy elinate cells damage(:rf%ue foP
by fixed neurologic deficits of variable magnitude. Most
patients with inactive MS have an earlier history of relapsing

MS.

Disease course is also dependent on the age of the
patient. For example, favourable prognostic factors include
early onset (excluding childhood), a relapsing course and
little residual disability 5 years after onset. By contrast,
poor prognosis is associated with a late age of onset (i.e.,
age 40 or older) and a progressive course. These variables are
interdependent, since chronic progressive MS tends to begin at
a later age that relapsing MS. Disability from chronic
progressive MS is usually due to progressive paraplegia or
quadriplegia (paralysis) in patients. 1In one aspect of the
invention, patients will preferably be treated when the patient
is in remission rather then in a relapsing stage of the

disease.

Short-term use of either adrenocorticotropic hormone or
oral corticosteroids (e.g., oral prednisone or intravenous

methylprednisolone) is the only specific therapeutic measure
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Classical Tay-Sachs disease appears in the subject at 30 about age 6
months and will eventually result in the death of the subject by age 5
years. The disease is due to the lack of the enzyme, hexoaminidase A

(hex A), which is necessary.for degrading certain fatty subs sinthe
for; tre t&%%ﬂﬁgﬁﬁgn§%.¥ g% éb%e gx rhg%yon %ﬂﬁg.

acer
brain an ce su%stances In ﬁwe absence of the enzyme

acqumlate. pogd lead o the destrugtion. of pepue cells, AnpfRer dgim of ¢ 5 ¢p

~hex A enzyme deficiency occurs later in life and is referred to as jug/enlle,
inteirbaiccand adalt dhsetfoling b hex Acddficidrroy. 8TSyriploacare siffiFmerly

knotihgse thal eharacterze clasgical. Ty Sachs.digease, Jhefe lsalsgam, o
~adult onset form of the enzyme deficiency. Currently there is no cure or
S 19fredthtetit fanthecdiseasé/aeficieney,shly fieeprebehtitive hicadife of frese

drudtere Aesting et thefetusSor thesdisgase s, the-egmpounds,and e ous1y .

compositions disclosed herein may be useful in ameliorating or
preyenting the destructiontafdhe gells Niemanndriek diseage fallsiivto inhibit
three categories: the acute infantile form, Type B is a less common,
deMgGonit? hoRF nedrdtodiddl 16 P F§ge €5is A BiBEFemRaly 3haLE
rem@enetically distinet fosanefdbe giseasgshisa noonal indiddualo celiHar
chalesteroal is im;r)r%ried into lysosomes for. prqcessing, after which it is
ake

InViEdiedssd. CONs ke from SubREE With Nidmafin BIek have be&d SRoWn ST ein
el ttoche defective in releasiigichotesierok irom kysasames ahhis teadsrioaament
2q e§cessive build-up of cholesterol inside lysosomes, causing
modallties., . .
processing errors. NPC1 was found to have known sterol-sensing regions

sinyl fhosgqing Pteing highysudgests it plays a role in
reguﬁa‘t{% cho este%ﬁrﬁ%‘ic. No sluccessful therapies have been identified
for Jypes Alard Crorms of 25 Newnaas-Rick. IFok Typert gratichts areuria

(pxrroqmended.to follow a, lowsgholesterpl diet Thus, e compourdsAnd, -pi cx
compositions disclosed herein may be uséful in ameliorating or

disgreyentiggucher’s disease, Hurler’s syndrome, Krabbe’s disease

and other leukodystrophies that impact the developing sheath as

described more fully below.

PKU is an inherited error of metabolism caused by a
deficiency in the enzyme phenylalanine hydroxylase. Loss of
this enzyme results in mental retardation, organ damage,
unusual posture and can, in cases of maternal PKU, severely
compromise pregnancy. A model for studying PKU has been
discovered in mice. Preferably infants identified with PKU are
sustained on a phenylalanine free or lowered diet. An aspect
of the invention would be to combine such diets with the
compounds and compositions disclosed herein to prevent

demyelination and remyelinate cells damaged due to PKU.

Classical Tay-Sachs disease appears in the subject at
about age 6 months and will eventually result in the death of
the subject by age 5 years. The disease is due to the lack of
the enzyme, hexoaminidase A (hex A), which is necessary for

degrading certain fatty substances in the brain and nerve
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the destruction of the cells. Gaucher's disease is an inherited illness

caused by a gene 30 mutation. Normally, this gene is responsible for an

enzyme called glucocerebrosidase that the body needs to break down the
celff%’ glu%%ceerebrgg]cde. Irégati%ntgl\{\étha%auchers (%Js%%see the body is not

ablé to propésrPy pro%ﬁge his enzyme and the fat cannot be broken ocvl\%ﬁn.ulate

andl ke JaytSadhisdidease; Gauchers 49 eliseaseds tonsidaraptymoréorm of
cgm in th . S IS le fro ter rop

e RIS, Shonan ANiaUAS o Byt Sioup oy be afissisd - £©

as Amongithe , Ashkenazt Jewishasbpliations Saucher's diseakesis thedmbsciency.

symp£ORUNaN geaetie disordey, with an ingidence, of gpproximately; 1 Jo A4S0, 75—

persons. In the general public, Gaucher's disease affects approximately 1
Sacips] 0bLe6E personShRFE99E enzymedephitentertiferapy betame the enzyme

e ravailable as the first effective reatment for Gauchers diseasg The £0, the
~ treatment consists of a modified form of the glucocerebrosidase enzyme
disgipeR IPAvenbERIyY It iS BnteriateaaHanthet égmpesitishs anat 1in utero

tes®amBounds disclosed herejp candejusedialone onmore preferablyfuinds and
combination with glicocerebrosidase administration to treat the disease

COTRSH Affiited Sibject 15 HIGS Syt EMES alsdKiibtvids aneliorating or

prefuigepalysacchasidesisutypednissx class of @vedapping diseases. These
genetic diseases share in common the cellular accumulation of

mugopelysacahasides ik broblasis. TEhe diseases-ate geneticallyes: the
istin L%Shabli- Fi roblastTandeb%nei marrow 20 transglantathfgl does not

2CUsdem o%réthle Efu i< compounds and coerﬁﬁosciﬁf)nnsoﬂéefﬁ jpon e en

neuvamébtiorating disease sevériffyard Qprogressioncarearesced] ¥hend

cQmpo qu gnd gomgosi%ions di§clgged herein may b% administereq to a
genéﬁ% %# %i ﬁs 1P orm O e dlsgﬁse. n 3 %?r&g

subject to-ameliorate disease progression and/or severity. 5 Krabbe's
inddisedse: (alsckndwhas Globbebtellkol is imported into lysosomes for
processing, after which it is released. Cells taken from
subjects with Niemann-Pick have been shown to be defective in
releasing cholesterol from lysosomes. This leads to an
excessive build-up of cholesterol inside lysosomes, causing
processing errors. NPCl was found to have known sterol-sensing
regions similar to those in other proteins, which suggests it
plays a role in regulating cholesterol traffic. No successful
therapies have been identified for Types A and C forms of
Neumann-Pick. For Type C, patients are recommended to follow a
low-cholesterol diet. Thus, the compounds and compositions

disclosed herein may be useful in ameliorating or preventing

the destruction of the cells.

Gaucher’s disease is an inherited illness caused by a gene
mutation. Normally, this gene is responsible for an enzyme
called glucocerebrosidase that the body needs to break down the
fat, glucocerebroside. In patients with Gaucher’s disease, the
body is not able to properly produce this enzyme and the fat
cannot be broken down. Like Tay-Sachs disease, Gaucher’s
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leukodystrophy) is an autosomal recessive condition resulting from
galactosylceramidase (or galactocerebrosidase) deficiency, a lysosomal
enzyme that catabolises a major lipid component of myelin. Incidence in

France.is an estimated 1:150,000 births. 30 The ggseagte leads to
n e SC

o S§émyelination of the central and peripharal nervous system. onset © ©F

Jewgereraity pteurs duningahé efirst Yearcpfdifel and ke gondition 1s-Fapidii

1 naRRPIRRRE, £ “Ya%'g'eeéﬁf?hic?"%@to‘?{ aqult opset forms.have alspoeen e
-50 reported, with a more variable rate gf progression. Diagnosis is

Ashgstablishedfrormrenzymel assay(gafaetosyiceramitiasea defidcienty)e Thert

confifErSeYErAnaturg] apimal,modelsmoyse,, dog. monkey). Kiabbe$nate1y 1

~ disease, like all leukodystrophies, has 5 no known cures or effective
in #é&tNREHIS. Ofe embbdimengeftheaihventidn & toqgsecthe o sositors

a £ rAd compounds disclosed; hetein i treghorapeliorate Krabbe's disease
and other leukodystrophies. Leukodystrophies are a group of genetically

detepminech 104nogressivegliserdgesithat atfectdhehrainmspinabeargiand as
eripheral nerves. They include adrenoleukodystrophy (ALD

thegcfrbﬁéﬁﬁfoﬁ%%’f&ﬁ(ﬁhi} fﬁﬂ%‘)?ﬂkaﬁ&ﬁ%ﬁéﬁ%%&hé r(cﬁﬁé,g’ﬁe%(andEPE

tredispase, CAgHi(ses childhoatataxiawitl €emntral nenugISysteMrebrosidase
hypomyelination or vanishin%white matter 15 disease), CADASIL (i.e.,

enZylianeal YtfosohdidbmiRaft Arteridpathy with SGHBorica nfahds ahge
comlietkaencaphalopathynCanadan disease {spongyrdegenesatiany, used alone

Cerebroten?ino leanthomat Sis g%r X%MKrab e's ldisease é%iscussgd

°F BRdve) ietacttomatic Te kSlystiophy (MI'DY; hebmatal Q- =P rostdase

admadresoleukodysttaphyy oxarialeakadystrophy syndrome, Relizaedssubject.
Merzbacher disease (X-linked spastic paraglegia), Refsum disease, van
derrKimdap Syndronmér(vaculating dedkodystrepghynwithpsuhcorticdl eystdps is

+yp@Nd Zelwegersyndrome. None of e diseases have effeglive treaiments,

let alone cures.
diseases share in common the cellular accumulation of
mucopolysaccharides in fibroblasts. The diseases are
genetically distinguishable. Fibroblast and bone marrow
transplantation does not seem to be helpful, thus compounds and
compositions useful in ameliorating disease severity and
progression are needed. The compounds and compositions

disclosed herein may be administered to a subject to ameliorate

disease progression and/or severity.

Krabbe’s disease (also known as Globoid cell
leukodystrophy) is an autosomal recessive condition resulting
from galactosylceramidase (or galactocerebrosidase) deficiency,
a lysosomal enzyme that catabolises a major lipid component of
myelin. 1Incidence in France is an estimated 1:150,000 births.
The disease leads to demyelination of the central and
peripheral nervous system. Onset generally occurs during the
first year of life and the condition is rapidly progressive,

but juvenile, adolescent or adult onset forms have also been
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25 Consequently, means of treating or ameliorating the symptoms of the
disease, such as by using the compositions and compounds disclosed
herein, is needed. Neuropathies with Abnormal Myelination A variety of
chr n!g imwng%ne golr}{gggro\pathie%fxist Wth(iechogo result in geirgxelinegion

"PiRthe p’atient.bl'he age of onset for the conditions’ \5é3r?erset§’y condition. oS tS

is Smtxdaldﬂk?gdnémemoemh@s&disegﬁs d)@jstlar@o@uddictrermm@3d with
de f11€:GOM ‘35.'“0"153%%% compounds ?5313'3%9 ﬁ'”ag%f%t%% 10 (mouse,
n alone

compositions and compounds disclosed can be use . -b1 Existing
dogstamdartetherapi€s fchadestheifobowing: Mabte M Nelro befigtinicaphies, has

no E%%Wﬁe%!-ﬁe@émgyt eCf*]s' Q Elﬁ:llggmt{'}% %gﬁggtwe%%'8gm%88qment of the

~ Demyelinating years. immunosuppression Polyneuropathy Characterized
invieyithrpré@nisene,s ¢CIDP) weakwssst sensory eyclospome Asordéss; L osed

ner@Nd nefyepethotrexate, HIG, ypericophy, Hlasma exghangg, Multifacal

CIDP Onset between 28 to T cell 58 years and immunosuppression
Leudestaeteriord bySwith prednisone asymmetric weakness, Human sensory
loss with a immunoglobulin course that is (HIG) slowly p%%?ressive or

relalﬁéﬁlﬁf-q'iéﬁﬁﬁiﬂﬁ. MetifGca Motdf @%%e‘f’ffar%ee%eﬂ:dtﬁ Mgletermined
proiyedpaity (MMN)de 7 yeaads, witit Beelldwicaras manygpenas cord and

per THRENOSURPreSSion women. Featres with PIasa oy st rophy (LD)
adrenomyeloneuropathy (AMN), Aicardi-Goutiers syndrome,
Alexander’s disease, CACH (i.e., childhood ataxia with central
nervous system hypomyelination or vanishing white matter
disease), CADASIL (i.e., cerebral autosomal dominant
arteriopathy with subcortical infarcts and
leukoencephalopathy), Canavan disease (spongy degeneration),
Cerebrotendinous Xanthomatosis (CTX), Krabbe’s disease
(discussed above), metachromatic leukodystrophy (MLD), neonatal
adrenoleukodystrophy, ovarioleukodystrophy syndrome, Pelizaeus-
Merzbacher disease (X-linked spastic paraglegia), Refsum
disease, van der Knaap syndrome (vaculating leukodystrophy with
subcortical cysts) and Zellweger syndrome. None of the
diseases have effective treatments let alone cures.
Consequently, means of treating or ameliorating the symptoms of
the disease, such as by using the compositions and compounds

disclosed herein, is needed.

Neuropathies with Abnormal Myelination

A variety of chronic immune polyneuropathies exist which
result in demyelination in the patient. The age of onset for
the conditions varies by condition. Standard treatments for
these diseases exist and could be combined with the
compositions and compounds disclosed herein. Alternatively,
the compositions and compounds disclosed can be used alone.
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include weakness, exchange muscle atrophy, cyclophosphamide,
fasciculations, and Rituxan cramps which are progressive over 1- 30
years. Neuropathy with Onset is usually B-cell IgM binding to over age 50

.and is immunasuppression Myelin-Associated characterized by plasma
O e e Sors IO L000). Sy b SR (VAG)
weakness, gain Rituxan disorder, tremor a-interferon which is all slowly

cladribine or progressive. fludarabmelgrediisone GALOP Syndrome A

Neugmipdisbyder with HIGGGaitidiedrdEe ajobwressiropathyiiagmerekchange

ChroAutoantibocys cyclaphosphaimiderdate-agé,00nset] Rodyineuropathy)
DemPOEMS Symgrome Qnsetioecurs between Osteostleroticmnosuppression
Pol(Rolynepepathy, 27 [ablds8Gyears withdlelsions are| @rgangmegdalysone,
(CIweakness, sensory tfeated withs Endecrapathy, losy,aeédaped one A or
irradiation. _M-Proteid @and abset tehdon Widespread lesiorsx&kin HIG,
changes) reflexes, skihwwigrchembtherapy also knewa sisadiserdernard

Mulgthép (Meélphaldn and €52 Reure atre€liniedl Featurds Trebtment
Crow-Fukase features: pragrisene)nEyndrome arndi Takatsgkirdiseasel on

Drug and Radiation Indbeed Depmyiedipation with prednisone
asymmetric weakness, | Human
sensory loss with a immunoglobulin
course that is (HIG)

slowly progressive
or relapsing-

remitting.

Multifocal Motor Onset ranges from 25 | HIG

Neuropathy (MMN) to 70 years, with B cell
twice as many men as | immunosuppression
women. Features with plasma
include weakness, exchange
muscle atrophy, cyclophosphamide,

fasciculations, and Rituxan
cramps which are
progressive over 1-

30 years.
Neuropathy with Onset is usually B-cell
IgM binding to over age 50 and is immunosuppression
Myelin-Associated | characterized by plasma exchange
Glycoprotein sensory loss (100%), | cyclophosphamide
(MAG) weakness, gain Rituxan
disorder, tremor o-interferon
which is all slowly cladribine or
progressive. fludarabine
prednisone
GALOP Syndrome A gait disorder with | HIG
(Gait disorder, polyneuropathy Plasma exchange
Autoantibody, cyclophosphamide
Late-age, Onset,
Polyneuropathy)
POEMS Syndrome Onset occurs between | Osteosclerotic
(Polyneuropathy, 27 and 80 years with | lesions are
Organomegaly, weakness, sensory treated with
Endocrinopathy, loss, reduced or irradiation.
M-Protein and absent tendon Widespread lesions
Skin changes) reflexes, skin with chemotherapy
also known as disorders and other (Melphalan and
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Certain drugs and radiation can induce demyelination in subjects. Drugs
that are responsible for demyelination include 5 but are not limited to
chloroquine FK506, perhexiline procainamide, and zimeldine Radiation

a Ao alina Contral nar/nic ouctam FP-RVIP-S1 .

Neuﬂlgﬁaﬁ{ IIIUU\JC UtTIT _yEiIIQ.LL-C% t,cé.,lua-llcguuo 9 ﬁ‘gaé\tmlenltu”\lb“y

XJ mtiaon—ic - hd
AV a'AwTe e v |

IMUIMLIUI Mo Uy I;{?V\'U

£ats uéy-éa«aap f
cr O%ruc rae%e (2) deletid Sfafblﬁ?éodendrocyte 2 asgagfyetgrb?’ggéjmt)ors and

me gap
m cell populations in

[TaYaYa¥a¥al

maturg. oligodendrogytes, (3) deletion of neural st
L Slal'ss crarahalliim AanAd ~~rviAy, ralizad altaratinnae of

Tak@&% ne aen
are IIIIJIJUL;MIII y COTOUUTTTUTTT TATTU CUTTC A, (.A.Ilu HCIIquIIl_CU AT TAUUUTTO Ul

cytokine expression. Most radiation damage results from radiotherapies
Drugdmhﬂstamﬁmqglthbmmmeﬁyﬁm#imcers See for review

Bela 221, 2000 Br Lo Gangen By 44800 Howeer lllon eERRUR 1

may also e an iIs ue or astronauts opewell1 1 %4 A ace
subli4A33- 42)asaselLasin thecevent pbegposiee to radiemc/twlelsmjsta:nceisnclude
but2Q Patignts who haua recelved diugs or heen.gxppsed  aceidentally, or

intentionally to radiation may experience a’ benefit by admlnlstered one of
progreidoigeimdsearccompesitions disclosed herein to prevent

demyelination or to promote remyelination. 25 Conditions Involving

DefdliraticiiAdditionatiRheiedsyndrehied/diseases that t8SHEML nervous

sysdemyelinationdpelude Gockayne's sypdrome.zongenital hyperayelinatingeause
Farber's disease, metachromatic leukodystr g%g/ Peliszaeus-Merzbacher

by dl%éagé‘%uﬁlo pri6A Zorefdtéd corditions shitedidessee 53
o1 iGeekaynesesindrome{CS)ds ad arg-bherited-disoeded imawhieb people

are sensitive to sunll%] t, have short stature and have the appearance of

oL gRdatdr aginG Stn the clSSSEH T6th Of Chtkbghe's SMdfdme (Rypaipations

in thesSyMpemMSaey Ogressdieel lum and cortex, and generalized
alterations of cytokine expression. Most radiation damage

results from radiotherapies administered during the treatment
of certain cancers. 2001 Br. J.

1233-9.

See for review Belka et al.,

Cancer 85: However, radiation exposure may also be an

issue for astronauts (Hopewell, 1994 Adv. Space Res. 14: 433-
42) as well as in the event of exposure to radioactive

substances.

Patients who have received drugs or been exposed
accidentally or intentionally to radiation may experience a
benefit by administered one of the compounds or compositions
disclosed herein to prevent demyelination or to promote

remyelination.

Conditions Involving Demyelination
Additional inherited syndromes/diseases that result in
demyelination include Cockayne’s syndrome, congenital

hypomyelinating, Farber’s disease, metachromatic

leukodystrophy, Peliszaeus-Merzbacher disease, Refsum, prion

related conditions and Salla disease.
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5 and typically become apparent after the age of one year. An early onset

or congenital form of Cockayne's syndrome (Type Il) is apparent at birth.

Interestingly, unlike other DNA repair diseases, Cockayne's syndrome is

not linked to gancer. CSisa I system dlsordert at causes both

pro oun%’lé/rowtﬁ faiture "£0'G ofnwgsoma 3 and brain an prog%esil\%el sorder in

whicdchexia, Yetirat ecochiedrt ane nearclogit degenetation, alithier stature and

nav/EUKALY Y0Py a0 degy Snaling W obAN NG ALNCIEREdcal o
cancer. After exposure to e.g., sunlight s%bjects with Cockayne's

of Syrilremecdan o fohgenperférmarahseription-evuplédmepaircl Frwgressive

anc0Enes defeelve I Cagkaynsa YN e ESAANG £5B, haygebeel: . an
identified so Tar. The CSA'gene is found on chromosome 5. Both genes

eardodefor proteinsihadmitdraets Wit Bombore At om thestranstdiptivaal (Type 1T)

is maghinenyand with DA re@ar@re@rmpﬁaten@q curesofaffegive repair
treatments for patients 20 with this disease have been identified. Thus,

d1sgRe aspe st Ut hERventionic fratment ofthis diségse WithGRecer- CS 1is a

mul%qmﬁ%%@%n andcorppasitions-disglosed herain. Gepgenitah growth failure

pomyelination has several names including congenital dysmyellnatrng
of ﬁé&oﬁaﬁﬁ/ 26Agéritat 25HYPoriyelinatiTy BElyRetrspatiy, chRgenital
od hwyelmoae@me@r&b)dwwemm, cengenital 1eukodystrophy
ypomyelination neuropathy, congenital neuropathy caused by

andh)?%d%fﬁéﬂrfé%ﬁn%y%%%ﬁﬁﬁ@h Wérﬁ%ﬁ&ﬁryaa{hdl@ﬁ?\?ar?epreaﬂ?a&ancer

Aftperiphasals nedrapathies, @ngng tﬁ&rﬂ@iﬁ@ﬁ@ﬁnfﬂ%ggl@@tﬂsdlﬁﬂlﬂi@rs@’tkayne’ s
30 humans, areacom lex, clinically and netrca heteroge ogs

SYNGRIB% f%%bra&s%%% Brodiice ‘F e%Jé Soce]féﬁr tion %?g i repair.

Twop@rmrwabaaewem@engemtabhypqmyelmaémmds@ne of@sgrmmof:se, have
dlsorg T |s ro cludes ere t%ry neuropath wrth I|ab|I|t
pressure pa 3ies, arcoJf Marle 54diSease, ejerlne 2Softa

Botsyngrome, andee:oﬁgen@ajohﬁaomyeimtlngmieerr@maibyw‘lﬂterecazsermnents of

tjmﬁquncggﬁﬁ ional machinery and with DNA repair proteins.

h romosome 5.

To date, no cures or effective treatments for patients
with this disease have been identified. Thus, one aspect of
the invention is treatment of this disease with the compounds

and compositions disclosed herein.

Congenital hypomyelination has several names including
congenital dysmyelinating neuropathy, congenital
hypomyelinating polyneuropathy, congenital hypomyelination
(Onion Bulb) polyneuropathy, congenital hypomyelination
neuropathy, congenital neuropathy caused by hypomyelination,
hypomyelination neuropathy and CHN. Hereditary peripheral
neuropathies, among the most common genetic disorders in
humans, are a complex, clinically and genetically heterogeneous
group of disorders that produce progressive deterioration of
the peripheral nerves. Congenital hypomyelination is one of a
group of disorders. This group includes hereditary neuropathy
with liability to pressure palsies, Charcot-Marie-Tooth

_54_



10

15

20

25

30

effective treatments for any of these disorders. Farber's disease has
several names include: Farber 5 lipogranulomatosis, ceremidase
deficiency, acid ceramidase deficiency, AC deficiency,

. _N-laurylsphingosine deacylase deficiency, and,N-acylsphingosine
i Bl R SO nae e, P e due to 2
hypdeficiéngyedfiacid reeramidasey(alsolkrowen as dN-acylspliingosinges or

o £ DIAANIGIase. 1 ASAL, The lackof the enzyme esulsin an

accumulation of non-sulfonate cid mucopolysaccnhariae in the neurons

ang-gliale gells. Patentswith the,disease usually-die heforethepgeof 2

~ years. Metachromatic leukodystrophy (MLD) is a genetic disorder 15
Lipregirsed By adeficiency F HEerBMTe aRASUIfRASEA. i F Driecoodgroupe
de ralgengtic diserdgrscealled the lewkodystrophiss ; that affget QIQ%@/PBE?@

myelin sheath. There are three forms of MLD: late infantile, juvenile, and
de fAGHIE A the el iNfamtilel ot WHchL B the MGt EBriRoR, Sohset dF certain

nanSENpOmRs: 20 beginshetween ages S-moaths and 2 years. dhenbfantis acid
usually normal at birth, but eventually loses previously gained abilities.

cergfmptoifis irithide MBBnRAT W AustiPtohay CSpescEnnGialtiasase
Asaless of mentalahilities, blirdressyniigiditysi.er uncontalledmuseleation of
tightn%;i?, convulsions, 25 impaired swallowin% paralysis, and dementia, ,
nonsGntoms bf the® fuveriiB 16k bégH etivethages 4 8fid 13V aRd hddte 9112+
celimpairerk s¢ckoal performante, meptad deteronation; afaxdapseiotrestand age of

5 dementia. In the adult form, symptoms, which begin after age 16, may
Yfndlude impaired concentration, depression, psychiatric 30 disturbances,

atayi tr%normand dementia, Se'zureshma Voot in the adult farm, but
o B e AN ST B e PR N 18 o GO AT Pl oo
caugeteribgationds soakynthe first sigh. e5% PeliszacussMéefdiacher diseaddé is

one«%%)5”%%%55‘%%m85ﬂetic disorders called the leukodystrophies
that affect growth of the myelin sheath. There are three forms
of MLD: late infantile, juvenile, and adult. In the late
infantile form, which is the most common, onset of symptoms
begins between ages 6 months and 2 years. The infant is
usually normal at birth, but eventually loses previously gained
abilities. Symptoms include hypotonia (low muscle tone),
speech abnormalities, loss of mental abilities, blindness,
rigidity (i.e., uncontrolled muscle tightness), convulsions,
impaired swallowing, paralysis, and dementia. Symptoms of the
juvenile form begin between ages 4 and 14, and include impaired
school performance, mental deterioration, ataxia, seizures, and
dementia. In the adult form, symptoms, which begin after age
16, may include impaired concentration, depression, psychiatric
disturbances, ataxia, tremor, and dementia. Seizures may occur
in the adult form, but are less common than in the other forms.
In all three forms mental deterioration is usually the first

sign.
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sudanophilic leukodystrophy) is an X-linked genetic disorder that causes

an abnormality of a proteolipid protein. The abnormality results in an

infant's death typically before the 5 age of one year. There are no known

treatments or cures for .the disease. Refsum disease (also referred to a

oA ST Saiaaa Ay e bat St e Lol or s =1
sudem dereditary hwotérant sensdry neusopathy L, iHKMSN déris tagsed 40rder
enafY Tlons.p te gong. which encodes plylanoy con, bydioylaser, .

PAHX or PHYH). The major clinical features are retinitis pigmentosa,
abnelmoaicipalymaropathylancecerebébart SigndePhtahiccdacid, ldrvubesuaie the
agePiapched chain fatty aeid, 3.7,11.15-tetramethyl-bexadecanoic acid) o s £y

accumulates in the 15 tissues and body fluids of patients with the disease
theadd BEeapable to be metabolised due to the lack of PAHX.

Plasmapheresis performed once or twice monthly effectively removes the
acid¥omithe'Bsdy aRd pRiifts TiBéalizatior-6f dfetBRAredttictions lifitig-dase

de fRItanisAcichintake, ZOrRreN relatedicandiionsHaelude i formis or
Gerstmann-Straussler disease (GSD), Creutzfeldt-Jakob disease (CJD

herﬁ%ﬁﬂrfé{tdmﬁ?d%nﬁ%%rﬁ?&ﬁé’ﬁé(nﬂ@%%@‘b?&’hetHrioﬁ%?é\le%véérﬂéc)tcaused
by asidafectious agemtsdn dhese, digarders as wvelkas isrkurd angl scrapie (a
disease found in sheep). The term prion derives 25 from "protein

Y GReRRMibaE Qgeht (Pridingr Stlence216: 13644, C 1982 Thefe R 'S are
retprotedlytiepcleavage ebthedqiramrietated 1 protein {BRE) whieki restttsbe ana r

. _amyloidgogenic peptide. that polymerises into insoluble fibrils. Salla .
598 ansd BRIENRG GbeS 0f SRI AL HIE HOBHUBS 56 Bl LR Hidmac
(3, with sjalit -acid staragen sheyaredautasoinal secessivedqmweuadegererativehe

cisdgeiders fhatmay present as.a seyere infantle fom, (e, 1S3DLor 838 5
slowly progressive adult form thatis prevalent'in Finland (i.e., -
unable to be metabolised due to the lack of PAHX.
Plasmapheresis performed once or twice monthly effectively

removes the acid from the body and permits liberalization of

dietary restrictions limiting phytanic acid intake.

Prion related conditions include Gerstmann-Straussler
disease (GSD), Creutzfeldt-Jakob disease (CJD), familial fatal
insomnia and aberrant isoforms of the prion protein can act as
infectious agents in these disorders as well as in kuru and
scrapie (a disease found in sheep). The term prion derives
from “protein infectious agent” (Prusiner, Science 216: 136-44,
1982). There is a proteolytic cleavage of the prion related
protein (PRP) which results in an amyloidogenic peptide that

polymerises into insoluble fibrils.

Salla disease and other types of sialurias are diseases
involving problems with sialic acid storage. They are
autosomal recessive neurodegenerative disorders that may
present as a severe infantile form (i.e., ISSD) or as a slowly

progressive adult form that is prevalent in Finland (i.e.,
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Salla disease). The main symptoms are hypotonia, cerebellar ataxia and

mental retardation. These conditions and diseases are also contemplated

for palliative or ameliorating treatments. 5 Other conditions that result in

emyelination,include post-infectious encephaliti éals known as acute

o o oo h S eyt ABE R Mo e T et b et
atagpinak gdrdvdinecconmpdsitiviastand compoands disctbseddieremratecls@ases
areCQYEMplated for ‘isa‘?c'é‘ofref%@grﬁgﬁ% §H’i‘%§ demyelipating 19.copditions.

Compound Prepgratlon The compounds of this invention can be prepared
trefrgmeraadily available starting materials using the following general

methods and procedures. It will be appreciated that 15 where typical or

preférped pfoteds ebfblifioRs {ite I Aattibn Hensisetaf ré s aimes. matelude

posialiog of reactants. sel¥gRLS: AresSUres < IC A given, OIerPracestminated
conditions can also be used unless otherwise stated. Optimum reaction

SN CEFHHRIGHYY Priay-vary itHther pAtREdRL Féactarits r sBReht BiSed but'ze spinal
corstch eonditionsean be geterained by pnerskilediin the adbyn&uling are also

optimization procedures. Additionally, as will be apparent to those skilled
CONFHB L art SConvRhtival prbtectifig 'gtddhs Riay e hdcdssan e prevent "9
conegrtain fynctional groups from undergoing undesired reactions. 25

Suitable protecting groups for various functional groups as well as
Comgpuitainde Paegiticasfosprotecting and deprotecting particular functional

groyps are well known ip the art. For example, numerous protecting

OrOLLE SN . U e Bt VoS, Broosetig B
reainiQrgamicaSyathesiss 88 :Secopdniedition, AV dey New York, Q911 aniing

genlEiQIPNGES £lted tharein, fythermore, the.compounds ol s INGNER 1o
will” typically contain one or more chiral centers. ccordlngﬁl, [

where typical or preferred process conditions (i.e., reaction
temperatures, times, mole ratios of reactants, solvents,
pressures, etc.) are given, other process conditions can also
be used unless otherwise stated. Optimum reaction conditions
may vary with the particular reactants or solvent used, but
such conditions can be determined by one skilled in the art by

routine optimization procedures.

Additionally, as will be apparent to those skilled in the
art, conventional protecting groups may be necessary to prevent
certain functional groups from undergoing undesired reactions.
Suitable protecting groups for various functional groups as
well as suitable conditions for protecting and deprotecting
particular functional groups are well known in the art. For
example, numerous protecting groups are described in T. W.
Greene and G. M. Wuts, Protecting Groups in Organic Synthesis,
Second Edition, Wiley, New York, 1991, and references cited

therein.

Furthermore, the compounds of this invention will

typically contain one or more chiral centers. Accordingly, if
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-57 desired, such compounds can be prepared or isolated as pure
stereoisomers, i.e., as individual enantiomers or diastereomers, or as
stereoisomer-enriched mixtures. All such stereoisomers (and enriched

aesTAUreS) ar indlyded wiuin I 5 scope ol Nis nvention, Wnless oo oure
othentisé Indicated: Pure stereoisom rse(gr enriched mixtures maysbg

s tepreparedhasiag, for cexample; opticallyexctive startingmeaterials or

a1 SIessledlive 1eacenis el knoun,in e Atk AllRmaiyely (ACEMICAL 1 sucn
mixtures of such compounds can be separated using, for example, 10

s teglsical solupms cHromategiaphys ehirdlresolving agents andtkedikeithin the

scoBaMpeupgs of forpuia | gan bepreparediysing knawn synthetiey  pyre

procedures. Representative syntheses of compounds within the invention
stegreapresanted belsweTs CorsbuhdstoTfemuiaalcae be repaied bBisfirse, for

exaﬁ‘%ﬂ@ipgoﬁ@fg@?@ 4-aminaphenylalanineyith. 2-chiaro:3-nitropydding: e o+ i ve
followed by reduction of the resulting coupled nitro compound. Cyclization

reagrheTesting Wistinopyriding with™t,1' EafsomyidiimiBazole (epHic
mixfoliewed by alkylation ahbthe, 49 resulting imidazaloneaffords ompounds amp1e,
~of formula Il as exemplified in Scheme 1 below: -58 / NOz NO, NH, N i
Chig&rzyF B0 /HP NSRS m a8 €120 GFOHON'OHEBZHN ¥ the
1ik©.7< CbzHN O O N/ NOz NI/ NHz NI/ NH o NH Pt02/Hz NH col N-~
Br,-AO, \I\I1\10CbzHN O O 7< CbzZHN O O 7< CbzZHN O O/-N~11-~
Compounds of formula I can be prepared using known

synthetic procedures. Representative syntheses of compounds

within the invention are presented below.

Compounds of formula II can be prepared by first coupling
a protected 4-aminophenylalanine with 2-chloro-3-nitropyridine
followed by reduction of the resulting coupled nitro compound.
Cyclization of the resulting diaminopyridine with 1,1'-
Carbonyldiimidazole (CDI) followed by alkylation of the
resulting imidazalone affords compounds of formula II as

exemplified in Scheme 1 below:
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NIP OfO h, N ,N~O_Pd/c//[Hz _H2N/INY NV O_ CbzHNIlulC CO
O Scheme 1 The resulting products can be recovered by conventional 5
methods, such as chromatography, filtration, evaporation, crystallization,
and the like or, alternatively, used without purification and/or isolation.

Compo Yormula Il m y,be pre Beutilizing the NHz » o
aminoi ala%?aé@s@duct m Sch whichP€ati:then d 10to ¢
substi uteg hiazolidinecarboxylic aclds yjelding compound ofgormula 1
astaxemplitied in Scheme 2 betewik”™- SOzCIWHIT PS/PBCI3 fJT

/I N NHoSOz 0/ N EDC/HOBt /NIl + ©@- OH O fOH\NMM/BCM CH20
SHSNO OHH2NOl<TTO N/NH NNO SOQOgON\ ~-<IH

0 Sche e; ' N'/ NH

_POsiH Br\)L .
CbzHN CbzHN CbzHN
N
— (0]
N
N N\)J\O/ Pd/(://H2 \[( \)J\
CbzHN
O (@]
N

Scheme 1

The resulting products can be recovered by conventional
methods, such as chromatography, filtration, evaporation,
crystallization, and the like or, alternatively, used without

purification and/or isolation.

Compounds of formula III may be prepared by utilizing the
aminoimidazalone product from Scheme 1 which can then coupled
to substituted thiazolidinecarboxylic acids yielding compounds

of formula III as exemplified in Scheme 2 below:
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5 Additionally, an imidazolone nitrogen substitueet, R6, may be
introduced prior to or after the coupling sequence employing standard
alkylation reactions with standard alkylating reagents such as methyl
iodide or methyl bromoacetate or by employing an appropriate cqupling
dre. 10 Th fithg' products can be recovered by conyentipnal
| methodSsieeh,aslchy matography, fil@q, evaporation, crys'fle;u/\% ien,
Mnd the like or, altePhatively, used in th&-with8ubpurificatio b EDC/ HOB
isolation. Compounds gf for ; suQsﬂgﬁéHoat thie 2 ion 18 of “\wm/ocm
HNthelpyrimidine, may be|prepared by couplisg3 imdazalfne substituted
Hs\ﬁenﬂéla_nm'd ivativeQd an N,N-disubstituted 4- Oj<
h oro-5-aminopyri\rmiine derived from 4,6-dichloro-5- amin®pyrimidine

and upon further elaboration of the coupled productyyields compounds of
formula IV as exemplified in 20 Scheme 3: -60 N S S 9H20 N'N
Raney Nickel 11 DMSO I CI/CI Cl/ SH NH2 2, HG| NH2 EtOH/ NH4OH
0 CH3CHO NON | CI NON[CHBOOOH | N | CRNaCNBH3 /NH
Et3N, DMF NH2 MeOH If N RLINH NOHNONO
(N\)LN o
s—=_ H j<
R
Scheme 2

Additionally, an imidazolone nitrogen substituent, R®, may
be introduced prior to or after the coupling sequence
employing standard alkylation reactions with standard
alkylating reagents such as methyl iodide or methyl
bromoacetate or by employing an appropriate coupling procedure.
The resulting products can be recovered by conventional
methods, such as chromatography, filtration, evaporation,
crystallization, and the like or, alternatively, used in the

without purification and/or isolation.

Compounds of formula IV, unsubstituted at the 2 position
of the pyrimidine, may be prepared by coupling an imidazalone
substituted phenylalanine derivative to an N,N-disubstituted 4-
chloro-5-aminopyrimidine derived from 4,6-dichloro-5-
aminopyrimidine and upon further elaboration of the coupled
product, yields compounds of formula IV as exemplified in

Scheme 3:
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Cl//NzONNN\IO DIEA, IPAY 1< 0 heated 0~1 N" O sealed tube 11
O N/ TFAN 1INH CH2CI2 O rt NN/OH N YINIH O 0 Scheme 3
4,6-dichloro-5- aminopyrimidine is converted to a mecapto 5 substituted

4-aminopyrimidine fojlow Baney Nicke] desulfurization. Introduction
of an dikyl §oup by afﬁé@twé aminatijn p cess foiauged\isit@cylation
withy, i sploride—{or-alternatively wittra sutfonyl

chloride) gives an N,N-dubstituted chlor@pyrimidineetOsiuplin@mith a 10
phenylalanife derivative followed by hydrolysis of the ester affords the
product. Additionally, an imidazolone nitrogen substitueet, R6, may be
introduced during the reaction sequence, if desired, -6 ying
standard alkylation feactidRs with standam/\lkylatlng\[e gents such as
methyl i dlb‘é\lor me?H"y? ﬁg%oacetate 0 ploying altt§Hols utilizing

an aBE coupl\lnglﬁ) cedure. SAlter atlvely—ccrmpounds—oﬂ‘ormula
IV, stibstituted at the (Hgs iton of the pyrinhitline, are pﬁIeHaF?é\ﬂl as shown

in Schemel\uf'Zbelow
a
Na N
NyNH NH
N
NN [: o \[f
| HNT O o)
Cl = P @]

O
N
r X DIEA, IPA N~ j<:
o) heated N
sealed tube \1
/ \
N
TFA H
_—
CHZCD
Qf B
Scheme 3

4,6-dichloro-5-aminopyrimidine is converted to a mecapto
substituted 4-aminopyrimidine followed by Raney Nickel
desulfurization. Introduction of an alkyl group by a reductive
amination process followed by acylation with an acid chloride
(or alternatively sulfonylation with a sulfonyl chloride) gives
an N,N-disubstituted chloropyrimidine. Coupling with a
phenylalanine derivative followed by hydrolysis of the ester
affords the product.

Additionally, an imidazolone nitrogen substituent, R®, may

be introduced during the reaction sequence, if desired,
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CINOz 1) DIPEA, THF, NO2 NIN + I -10C N Pd/C, H2 (1 atm) ~I~H N ~N
\[FCIH2N"'O<2) Il IHO I EtOAc NO2OHONO2HOJN, NNH2
2-chloro- J NOz Pd/C, 3-nitropyridine, N/ NH H2 (1 atm), N~N H DIPEA,

| EtOH 1~,2 HO O~ N.O~NN. Y~NO2 O.N\N\NH.INHz NH /~O
TN Y cAbSnSTR N N Bl dazoie N R\ CR2088 il CHACIE I,
alkgdetoneogN adeOtsHOCH H© NOINO21-62iNE | ©N dePdiC, | N~ /
brngégg§§QeNor by employing alcohols utilizing an appropriate

coupling procedure.

Alternatively, compounds of formula IV, substituted at the

2 position of the pyrimidine, are prepared as shown in Scheme 4

below:
ji 1) DIPEA, THF, LNJ NO,
-10°C PdIC, H, (1 atm)

N™ N + , Hy

e 2) L J EtOAC

NO N

’ H

LNJ NH2 2-chloro- L Pd/C,
)\ 3-nitropyridine, N H, (1 atm),
N DIPEA, EtOH )\ EtOH
%/k . N

= (o) ! )

j< P ,
b LA
N
= =
Na | N |
NH; L J NH
NH \ N%
Mel,
carbonyl )\ 0O
diimidazole, BN Cs,COg,

acetone

CH,Cl, | H,
j< o, i 0
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N eo \'O EtOAc, / 1 0 McSO2Cl, EtOH N~N H \ pyridine NN H /2. PtO2/
N O H H2 (50 psi), HN H O 1< NO2 0 < acetone, AcOH, EtOH N~ 1iNI I
N' N N-O INHCO2H, Il AN J:~rN 45H IIJ~1ICIN'ON~"'OH HO 1<
INNO~S\YO0,~0IT OO Scheme 4 2,4-dichloro-5- nltrop imidine is first
coupled to a phenylalanine derivative and the prod ct ig|allowed to
react with a dialkylamipe, ell;Jhﬁr directly qr /'Lzmg "Buc adium

LNﬁtalyzed couplingiﬁndltl N5 Aél resul roduct is herN rogenated
ielding agFaminophenylaigaine érivative. h|s is co | to 2-Cblorondeso,cl,
)\10 nitrop e followed lwcpeductlon of itro g yclization wihidine
IHiQ owed by aIkyIaUO‘r‘nWth‘rTTéthVI iodide. or' Gther %kylatlng agent
' ' olone Re f the[;)ﬁ\yf%n\lcﬂne |tr03<6up followed by
o fthe N-i QB%/ ‘group WQTlgh reBuctive amination
fo?lowed by AcOH,
EtOH
yZ =
| N/ Nx | N/
N% LNJ N%
O HCO,H )\ o
AN

Scheme 4

2,4-dichloro-5-nitropyrimidine is first coupled to a
nitrophenylalanine derivative and the product is allowed to
react with a dialkylamine, either directly or utilizing
“Buchwald” palladium catalyzed coupling conditions. The
resulting product is then hydrogenated yielding an
aminophenylalanine derivative. This is coupled to 2-chloro-3-
nitropyridine followed by reduction of the nitro group.
Cyclization with CDI followed by alkylation with methyl iodide
or other alkylating agent gives the imidazolone. Reduction of
the pyrimidine nitro group followed by the introduction of the
N-isopropyl group through reductive amination followed by
sulfonylation with a sulfonyl chloride (or alternatively
acylation with an acid chloride) gives the ester. Hydrolysis
with formic acid affords the product.

The resulting products can be recovered by conventional

methods, such as chromatography, filtration, evaporation,
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15 sulfonylation with a sulfonyl chloride (or alternatively acylation with an

acid chloride) gives the ester. Hydrolysis with formic acid affords the

product. The resulting products can be recovered by conventional

met ds S ch as chromatograp flltratlon tion, .
cry(Ec’ryslzi |za?gn ard %n%nk%e%c% %ft?aé:na%vély, u§e ﬁout p%lhfl(l:lést(leo% without
purard/orisotatioan Altermativelya tcampounds of formula 1V, substituted at the

2 position of the pyrimidine, are prepared as shown in Scheme 5 5 below:

0 OH beoforhated 1 - OEIKOtnGE xee FyoBldiethiguaiidgingeNitipdNat the
2 pRYQHOF3CFICEE NQZNAZ NH TN BEN YIS, 2% O cnene 5

N'O F3C F3C I\ N/NO2 N~\NH2 N~\/ NH H2/Pd/C N~N\ N N02 N~N
belgnbH 0"- F3C F3C N/ N/\ NHZ N NH N NYNH HZ/Pd/CNNMN'NO

CHal PN
O
OH O )\
ethyl formate/ S ] o N N
OBt KOt-butoxide OEt diethylguanidine . |
OH
FsC FaC
F;C
/\N/\ NO, /\N/\
PN H(Fj
T,0 | HNTTE
OTf
FsC F3C
\

SN N
H,/Pd/C N)\lN 'QNO )\ g
N 0
Yw [r S
N
o)

H,/Pd/C N)\N cDI NZ IN CHgl
NS | ﬁ)\N OT<
H O
o

AN
N —_—
PN N N
S8 X B!
Z formic acid N N
N IN g |
N N O N
H 7< H
FoC o FsC
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O~tNOY NH HF3COF3CN/\N/\'NN I N~ Ni~ N)~N~ NN 0 formic
acid NJ-INOIjH O~ OOH F3C ~J0 F3C JH -64 Scheme 5 Ethyl
formate is transformed into a substituted 4- hydroxypyrimidine which is
then converted to a triflate. This cou I%d to a nitrophenylalanine
derivative and the resulting nitro pro uct is reduced to the
aminophenylalanine derivative. This is coupled to 2-chloro-3-nitropyridine
follewed byt cedurction iof the aitofgronpd Cyolizationswiths C Dt fdlldvett-by

nyadkyiagion withmethyl jodide orother alkylating, ageat gives 10 the, .o i

imidazolone. Hydrolysis with formlc acid affords the product. The resulting
s prodateccarrbe recoverad: by coavemioral dasthods isigcrasl the resulting

n1t%oﬁlaé%réph%sﬁ'Eréﬁ%%e%’apé’ractl%"a%}( ﬁ%@H ANLNEIKE N vative.

alternatively, used without 15 purification and/or iso atlon Compounds

ThifrielePpeparedas destriisatPatiove! drecshowrs in TABLE P TRBIeN

reqdld TahleJH helew,20 TA hgomp@%@%pt%a%EdvafgﬁrC&@qtofonowed by
Scheme 1 NP\ NI ~N-Rs\101 Hi..
alkylation with methyl iodide or other alkylating agent gives

the imidazolone. Hydrolysis with formic acid affords the
product.

The resulting products can be recovered by conventional
methods, such as chromatography, filtration, evaporation,
crystallization, and the like or, alternatively, used without
purification and/or isolation.

Compounds formula I prepared as described above are shown

in TABLE I, Table II and Table III below:

TABLE T

Compounds prepared according to Scheme 1

N\"/N\ RG
O
H,,
D R5
R3HN

o Il
RS R6 Rl3
(CHz) 3C- H- PhCH,OC (O) -
(CHs) 5C- H- H-

TABLE IT
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R13HN O Il Rs R6 R13 25 (CH3)3C- H- PhCH20C(O)- (CH3)3C- H- H-
30 TABLE Il -65 Compounds prepared according Scheme 2 N~/ Nu
N,R6 OON STHO Il R5R6 5 H- CH30CH2CH2NHC (0) CH2- (CH3)

3C- HOC(0)CH2 (CH3) 3C- 4-NO2PhQOC (0) CH2- (C 3C-HH-H10
- NHOCHACHOBH A B BBLHD. TARLEITES Coiends
prepared according Scheme 3, Scheme 4 and Si@f NPV ~R11

NYN-.R6 N""N % 0 Wi IV Rs R6 R22 Rig H- CM3- (GA3CH2)2N-
H3) 2CH) (CH3C

- (OKI3GH2)2N-

((CH3)2CH)(CH3S02)N 20 H- CH3- (CH3CH2)2N;
(0) ) N- (CH3)3C- CH3- (CH3CH2)2N- NO2J
CF3CH2 H- H- H- (Pyridin-4-yl) (CH3CH

(% 3
N= N\)]\N”'
G f

O
11

R® R®
H- CH30OCH,CH,NHC (O) CH,—
(CH3) 3C- HOC (O) CH,-
(CHz) 3C- 4-NO,PhOC (O) CH,-
(CHsz) 3C- H-
H- H-
H- NH,CH,CH,OCH,CH,OCH,CH,-

TABLE TIITI

Compounds prepared according Scheme 3, Scheme 4 and Scheme

N\"/ ~RS

O

[N

Rl

A

5

s
/1, 5
G R
A
R12 9] v
RS R6 Rl R12
H- CH3— (CH3CH2) 2N— ( (CH3) ZCH) (CH3SOz) N-
H- CH3z- (CH3CH») oN- ( (CHz) 2CH) (CH3C (O) ) N-
(CHz) 3C- CHs- (CH3CHj) oN- NO, -
H- CH;s- (CH3CHy) oN- CF3CH,-
H- H- H- (Pyridin-4-y1l) (CH3CHy) N-

The following synthetic and biological examples are

offered to illustrate this invention and are not to be
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25 The following synthetic and biological examples are offered to
illustrate this invention and are not to be -66 construed in any way as
limiting the scope of this invention. Unless otherwise stated, all

temperatures are in degrees .Celsius, 5 EXAMPLES In xam
GO e g BRbreuhbis hUd HATollHR Mean s
Unlalsrevidtionws net defined]it has its geperalyaceeptedemeaningg ASN =
Celggﬁ}gnitrile bs = broad singlet Hoc = N-tert-butoxylcarbonyl BOP =

ave t eeToﬁ’ocvfl)i%(a meanings. |

benzotriazol-1-yloxy- tris(dimethylamino) phosphonium
hexafluorophosphate Cbz = carbobenzyloxy CH2C12 = dichloromethane
d = doublet dd = doublet of doublets DCC = 1,3-dicyclohexylcarbodiimide
DMAP = 4-N,N-dimethylaminopyritiagidzlps =
1-(3-dimethylaminopropyl)-3 ethylcarbodiimide hydrochloride Et3N =

trieﬁyl%rﬂ'@e E Q
g = grams heaxr:%gﬁr :yis
thehﬁﬁéﬁpwing meanings.

has its generally accepted meaning.

ACN
bs

Boc
BOP

Cbz
CH,C1,
d

dd
DCC
DMAP
EDC

EtsN
FmocONSu

h and hr
H,0

HOBT
HPLC

kg
K,COs3
kDa

MeOH

mg
min
mL
mm
mM
mmol

43 Ns(9- fl&g)@@é@f&%g%%bowg yeginig sd‘[‘%ave
ur H20 =water HOBT = e

-hydroxybenzotriazo
If an abbreviation is not defined,

acetonitrile
broad singlet
N-tert-butoxylcarbonyl
benzotriazol-1-yloxy-
tris(dimethylamino) phosphonium
hexafluorophosphate
carbobenzyloxy

dichloromethane

doublet

doublet of doublets
1,3-dicyclohexylcarbodiimide
4-N,N-dimethylaminopyridine
1-(3-dimethylaminopropyl) -3-
ethylcarbodiimide hydrochloride
triethylamine

N-(9-
fluorenylmethoxycarbonyl) succinimi
de

grams

hour

water

l-hydroxybenzotriazole hydrate
High performance (or pressure)
liquid chromatography

kilogram

potassium carbonate
kilodalton

liter

multiplet

methanol

Molar

milligram

minute

milliliter

millimeter

millimolar

millimol
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HPLC = High performance (or pressure) liquid chromatography kq =
kilogram K2CQO3 = potassium carbonate kDa = kilodalton L = liter m =
muItipIet McOH = methanol M = Molar mg = milligram min = minute mL
tliliter mm = millimeter mM = millimolar mmol = millimol -67 N =
no Wa% HCO3 = sodium bsl%a IlTolonagg,' nM = nangmolar g = quartet s =
singlet sat. = saturated t=1triplet | ?g@?—? tertabutanol TFA =
triflyoroacetic acid TLC or tic. = anP ayer chromatography Is = tosyl TsCl
= tqsyl chloride TsOH_= tos ale E microliter ug = microgram um =
micgan or micrometer Scherggguq}glyé§ reaction sequences that illustrate

t = triplet

t-BuOH = tert-butanol

TFA = trifluoroacetic acid

TLC or tlc = thin layer chromatography
Ts = tosyl

TsCl = tosyl chloride

TsOH = tosylate

nL = microliter

ug = microgram

um = micron or micrometer

Scheme 5 outlines reaction sequences that illustrate
methods that may be used to prepare the compounds of this
invention. Scheme 5 also illustrates the relationship of
intermediates common to the products shown in tables 1 thru 3.
The methods outlined in Schemes 1 thru 5 above and Scheme 6
below are general and illustrative and the invention is not
limited to the use of these exact reaction sequences and

methods.
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methods that may be used to prepare the compounds of this invention.
Scheme 5 also illustrates the relationship of 5 intermediates common to
the products shown in tables 1 thru 3. The methods outlined in Schemes
1 thru 5 above and Scheme 6 below are general and illustrative and the
invention is not limited to the use of these exact reaction sequences and
methods. -68 NH, N/ NH /.NO2\I IN\ O HzN OH ChzHN O O |
CbzHN 113 glAll//ONI/NHNN CNHOCIONJN NN Cl '/ k I\]H
O A\ OZ HzN }I~" N~ s-o ST? oH/ N/ANNNH | | %
F ‘O

SQz 0 N~5NINN(NO NQH Y1,OH =N N
ArOQ2SH,H110\02 10 Oz 5 ScHemes6 The following Exam scribe”
ds for preparing the “8mpoufids $hown in Schemes 1 hrus above.

(0] CbzHN
/ / o
/

| |
( \)L OH KH\N o KH\N o
$ "0 N

Scheme 6

The following Examples describe methods for preparing the

compounds shown in Schemes 1 thru 5 above.

ExamEle 1
NO, NO, NH,

-

.
L

L

H,>N COOH CbzHN COO-tBu CbzHN COO-tBu

Sodium hydroxide (10 g, 0.25 m) is dissolved in water (300
ml). To this solution 4-nitrophenylalanine (50.3 g, 0.22 m) is
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10 Example 1 NOZ NO2 NH2 HZN COOH CbzHN COO-tBu CbzHN
COO-tBu Sodium hydroxide (10 g, 0.25 m) is dissolved in water (300 ml).
To this solution 4-nitrophenylalanine (50.3 g, 0.22 m) is -69 added and
stirred until. complete dissalution. To the resulting._salution the sodium .
o e SO 520 St o S e e Epdiion s Bugledts v £1Ag
solart icenbdthdo s8CL Benzylrlohlordformate @457 g0 026 m) isiaddetied and
.dropwise with vigorous 5 stirring, maintaining internal temperagyre in.+6 to
St ES L aED TRE MIRHS 5 S8 at R tof STAHENE 1-HrFaisterans!
chltheseparatosy funneland washednyithiethesa@a IHO UL Aquedys vigorous
_phase is placed in a large Erlenmeyer flask (2L) and is cautiously .
stigdidiigd vitthtthl- 7 HE 16 pHED ad 10BREAEedWith Bthy? acktaté (4%
rang@0 M, Jheicombined .extracts are washed with, watef and;dred withy,
gSO4. The solution is filtered and filtrate evaporated, residue is
tr a@i§§@li7é_@¢}1 ‘émy’Fh@_eta_tﬁD@l@tmmanﬁ_Jdmﬁéq WA h@@h@d(sﬂbtrhjl).et_her (2 x
150CHysfalling materal ds fitered.off and dnsed with, 15 coldisplvent At dried , o
to give Cbz-4-nitrophenylalanine, 75 g (99.5% yield). 'H-NMR, DMSO-d6,
(2L0s)2nd 855bS2 ¥} 08 0Y(d2 ZHLIIEGRE) W2 B2 (d12H, 399HEY; 7.3 (rRHE=2 and
ext5H) %95 (8, 3H)e 428 (MedH)3.324bs, T 314G (Mg2H). L3CHIMRY(S):
173.1, 156.3, 146.6, 137.3, 130.8, 128.5, 128.0, 127.8, 123.5, 65.6, 20
ext559t86 B MY GRS RO L L IMIDRF TR EbZ 4L RitropheRy MRarite (757§,
so10:224R) isdissolved-da digxanei(300 mly. Thesrasulied slirred splutioniis
~ cooled in Dry Ice bath to -20C (internal). The liquefied isobutylene
ALSEpPISE 290 i)ty 4daed falidcwellby coiic. stftric atiy™@% 25 i Atfder e
(500 tanee, equalpostians, SO0npincapalt. The additien«f asikisam¥eryinsed with
exothermic process, accompanied by substantial degree of

coLgoljhetization. Eficieht frechanigl © C0%-4-nitrophenylalanine, 75 g

(99.5% yield). 'H-NMR, DMSO-d6, (8): 12.85 (bs, 1H), 8.12 (d,
2H, J=9Hz), 7.52 (d, 2H, J=9Hz), 7.30 (m, 5H), 4.95 (s, 2H),
4.28 (m, 1H), 3.32 (bs, 1H), 3.10 (m, 2H)."°C-NMR (§): 173.1,
156.3, 1l46.6, 137.3, 130.8, 128.5, 128.0, 127.8, 123.5, 65.6,
55.1, 36.6. MS (m/z): 367.1 [M+23].

The Cbz-4-nitrophenylalanine (75 g, 0.22 m) is dissolved

in dioxane (300 ml). The resulted stirred solution is cooled in

Dry Ice bath to -20°C (internal). The liquefied isobutylene

(approx. 290 ml) is added followed by conc. sulfuric acid (35

ml) added in three equal portions, 30 min apart. The addition

of acid is a very exothermic process, accompanied by
substantial degree of polymerization. Efficient mechanical
stirring is essential at this stage. Resulted mixture is
stirred for 20 hr, allowing to warm up to ambient temperature

sat. sodium carbonate

then is cautiously poured into

solution (2L) and diluted with

layer is separated and agqueous
(2 x 200 ml).

acetate Combined

aqg.

ethyl acetate (600 ml). Organic
layer is extracted with ethyl

extracts are washed with water
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stirring is essential at this stage. Resulted mixture is stirred for 20 hr,
allowing to warm up to ambient temperature 30 then is cautiously poured
into sat. ag. sodium carbonate solution (2L) and diluted with ethyl acetate

(600.ml). Organic layer is separated aqueous layer is extracted with
B AR o X500 M Comibiod i S gt w7
evagnd diied with sbdiurassulfalieh I heesolgtion isilteséc and reviaposatedto

I . resi ' k in ethy] acetate/he, ixtur I
ace%:%?%?%% te%eed%tﬁ%%g#%lueé% g? sﬁ?gé gél' ((::)a. %ﬁfé} n§f‘?§§%ﬁ%a%é %%% d
of WﬁtﬁiaﬁaS aéditid@@l-arﬁ@@nt_icﬁ)the Bhmessdlvernt (251_ tbiai)sadd\ﬂjeth an
aadiifratss.are eyaporated ta givefully protected 4- pitrophenylalaning as.g

~viscous oil, 73 g (83% after two steps). 'H-NMR, CDC13, (S): 8.12 (d, 2H,
£1ly=84p2),386 tMara2 635 (e, BAYS. 10 {rhy2R),A57 ed 14, 3.31
n1 efBeAHh 0:1 43 (HOH). 1ICAMR, CDC1B, (93169 185:% 146

143.9, 136.0, 130.2, 128.4, 128.2, 128.0, 123.3, 82.9, 66.9, 54.7, 38.2,
steRBA, 2758,NR9. MIB(hiz): $23.1§Me23].Protétied AénittBphenylalafiné,

(73-0,4:18 m) is dijssolved, in eth (50 and platinum_oxide cataly.
TH) (1.55 g) is igﬁn édgelggl.'ﬂ%é?;osul ﬁfgaé:ﬁé:ﬁongi's@v?go{:rghséﬁs)ti’rreg'i%qhy%%dge%ﬁ) ’
1. 4atmasphere (50-60-pEi} at antbignt tednperatige until fithey hydsogen 143.9,

adsorption cea (3,hr). The catalyst is filtered off apd the filtrate is
136éf¢atp09r ted'to ;&;2/ e‘sfls’, t%;; I%e‘sgdu((jlaplésétaSQénelu‘zapgihgcféth)g;lgaicge’tatetgzézlz%o n%lil T
38 .and filtered thfough plag of 20silica/gel (2X2 i) usingrethyl.

acetate-hexane mixture (3:2, 2L) to.rinse silica, The filtrate is . .

oo TR Aoter SOUS A RoLhe (BB ) i Aol T dissolved
in erystatline prodlctis) filkerdd offa finsed with ictid selventyarid dir-dried) is

Yield - 49%..'"H-NMR Cl3, (8): 7.3 5H), 6.92 (d, 2H,.25
I 5 (4 2H I L) 821 (0, 40 1, i1 9L5 i, nYroser
atmodpiara H)? 8:590(bss 2H), . 9216, 121, L JtaEe),ature until further

hydrogen adsorption ceased (3 hr). The catalyst is filtered off

'plug

and the filtrate is evaporated to dryness, the residue is taken
up in ethyl acetate (200 ml) and filtered through plug of
silica gel (2x2 in) using ethyl acetate-hexane mixture (3:2,
2L) to rinse silica. The filtrate is concentrated to approx.
200 ml and hexane (500 ml) is added. The crystalline product is
filtered off, rinsed with cold solvent and air-dried. Yield -
56 g, 84%. 'H-NMR, CDCls;, (8): 7.30 (bs, 5H), 6.92 (d, 2H,
J=8.1Hz), 6.58 (d, 2H, J=8.1Hz), 5.21 (m, 1H), 5.10 (d, 2H,
J=2.1Hz), 4.46 (m, 1H), 3.59 (bs, 2H), 2.97 (s, 2H, J=5.4Hz),
1.42 (s, 9H). C-NMR, CDCls, (8): 170.6, 145.1, 136.3, 130.2,
128.3, 127.9, 125.6, 115.0, 81.9, 66.6, 55.2, 37.4, 27.8 MS
(m/z): 393.1 [M+23].

Example 2
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1.42 (s, 9H). 13C-NMR, CDC13, (S): 170.6, 145.1, 136.3, 130.2, 128.3,
127.9, 125.6, 115.0, 81.9, 66.6, 55.2, 37.4, 27.8 MS (m/z): 393.1 [M+23].
30 Example 2 -71 /N N NOz / NH, P NHz NH NH N~NH oot B. CbzHN
COOL-Bu CbzHN COOL-Bu \zHN COOL Bu ChzKN Cfa 0 The produ

of Example 1, 4-aminophen35§av%2ine, (20 g, O.OS@?\W% dissolved im@
ethanol (200 ml) and treate h 8Adunig's base (2L g,\¥:162 m, 3 eq)

and %-S-nitropyﬁ j 10.3 g, 0.65 m, . Resulted sol N\\(
w;;@d under nitroy tmosphere and d to reflux for LC o
agalysis indicated preence of small amoufit of unreacted aming. The
Cbz“ﬁma%)gifd’itional spAvUnt STeRtoronitropYAine CLPY, 0.13 EFY™0 W B

added and reflux continued for another 24 hr. Reaction mixture was
cooled and evaporated to dryness. Residue was dissolved in ethyl

acetafe @@@%S%nﬂ%tﬁm%llﬁbnﬂﬁﬁmﬁﬁ%@ﬁ'x 260 9
0. omb), &if. 3k Lite acich (LA Ny 2 X200-l), hrine (hx 209-ml) @nddried with

with sodium sulfate. 15 Solids were filtered off and filtrate evaporatedto
Hungige 375G 6t deep-réd dil; t8rAtahing eXPectel Prédict Contaminated fitl = 1 dine
(10excess af chprenitropyridine.. Inrpuwe preduciovas purfiechby ftashred under

. chromatography (Biotage 75L system) eluting with ethyl acetate:hexane ,
N PR IS BRctiong edntiifihg pur€ 2bprodiict \Were’combinedangatysts
indevaposatesto givedeep-reehasiscauso oil, 26 g (99%)atHNMRGREL3The
): 10.10 (s, 1H) , 8.49 (m, 2H), 7.57 (d, 2H, J=9Hz), 7.35 (bs, 5H), 7.19

smaELiL zi(f)?%%h%ﬁ“,%.aai‘l(arﬁﬁ%)?E.ig“?rﬁfgfﬁ)l,%?f?i’oﬁ RN z),?4. 7 (Erljn',m e
waslH}ddd lan 2H)f 1145 (Sp ) n1RCG-NMR, &DE13(Sy41 14, Bsmbiion

mixture was cooled and evaporated to dryness. Residue was

NH

dissolved in ethyl acetate (600 ml) and obtained solution was
washed with water (1 x 200 ml), dil. agq. citric acid (0.2 N, 2
x 200 ml), brine (1 x 200 ml) and dried with sodium sulfate.
Solids were filtered off and filtrate evaporated to give 37 g
of deep-red o0il, containing expected product contaminated with
excess of chloronitropyridine. Impure product was purified by
flash chromatography (Biotage 75L system) eluting with ethyl
acetate:hexane (3:17) mixture. Fractions containing pure
product were combined and evaporated to give deep-red, wviscous
0il, 26 g (99%). 'H-NMR, CDCls, (8): 10.10 (s, 1H), 8.49 (m,
2H), 7.57 (d, 2H, J=9Hz), 7.35 (bs, 5H), 7.19 (d, 2H, J=9Hz),
6.84 (m, 1H), 5.30 (m, 1H), 5.13 (d, 2H, J=3Hz), 4.57 (m, 1H),
3.11 (m, 2H), 1.45 (s, 9H). '’C-NMR, CDCls;, (8): 170.4, 155.5,
155.1, 150.0, 136.7, 136.3, 135.4, 132.4, 129.9, 128.5, 128.3,
128.0, 127.9, 122.2, 113.7, 82.2, 66.7, 55.1, 37.7, 27.8, 20.9.
MS (m/z): 493.1 [M+1], 515.1 [M+23].

The red nitro compound (26 g, 0.054 m) was dissolved in
THF (350 ml) and platinum oxide catalyst (1.35 g) was added.

Resulted mixture was vigorously stirred under hydrogen
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25 155.1, 150.0, 136.7, 136.3, 135.4, 132.4, 129.9, 128.5, 128.3, 128.0,
127.9,122.2,113.7,82.2, 66.7, 55.1, 37.7, 27.8, 20.9. MS (m/z): 493.1
[M+1], 515.1 [M+23]. The red nitro compound (26 g, 0.054 m) was

dissolved in, THE (350 ml) an tinum oxide catalyst (1.35 g) was
e 50 KALucd Prrd W v Shr o Undr TS (2 )
Catathosphess (50-60 psguntif hydrogeh iadsogptioneceasedyR4). tCathtystes s .

. iitere ilirate eva d to S. [ w Issolv
Ryl hcotats (100 ) 2 ARGt i b (60 miy i bagimpg or =
witérysallization SNixtdre 5 whs faghemndifted aithathyltacketatefifekane Mixture

was(Lehmixyre (300 mb) and was left standing.ipJeffigerator far.3 i e ure

Crystalline solids were filtered off, rinsed with cold solvent and air-dried to
(30give brodad, 239, 98%: 1+-RMR "ODT13r €S 18 Tq88, 1HoF1=1 . 5Hz,

CcryRAzh8Hz), 7533 (B8, ) £.171(6 2He 40J78,4H2)0 £ 03 (0 2H, I584HD 1 vent
6.96 (dd, 1H, J1=1.5Hz, J2=7.5Hz), 6.75 (dd, 1H, J1=5.0Hz, J2=7.7Hz),

andp 221(sd1E}Ed5131 (gn, viH ) 500ibis, 2813, 4150 Y4 1H), 3-41bs, @PY,13,02(3) :
7.8@’@3),’ 1,43 (5; 9H). 136-NMR, £RE13, (S): LA0. b%55-§H114575:717 (d, 2,

 (
140.21)138.8, 136.3, 130.8, 129.9; 1285, 1283, 127.9, 15123.4, 118
J=81170) 82.0; 68.6(®b. 217 4-27.9HNMS, (n®/zp 6407d,[ML-EG], 463 11. [MH1],

72-485;4 IM+23].;the aminopyridine (499, 0.04b m) wag suspended o, 1),
dichloromethane (200 ml) and CDI (12 g, 0.074 m, 1.8 eq) was added.

5. SReddlted Fixture-Was $Bfed At amletteniperattte for 20l20he, 2H) , 3.02
Reaction mjxture was washeds wil t. icarbopate 00

(m’br?r;ﬁg (1%'1 m%’an% ried Wita?]I tﬁc@%m%g[ljj até. géélids%edr(é flte:l’r(]i-%Ej c')f(f’

145and filtrafe evapdratedto driyhesSs. ReéSidsie iaPdissolved iv ethyk &cétated 27.9,

L2 e it 25 cold i) S2eidte S50 B o 16-a.9 810 Arthd™ 2
407imid4b1568., 1M NMR, ODCI3, ($§:5.0.63Y8,2H); 8.06 (d, 1H,

The aminopyridine (19 g, 0.041 m) was suspended in
dichloromethane (200 ml) and CDI (12 g, 0.074 m, 1.8 eq) was
added. Resulted mixture was stirred at ambient temperature for
20 hr. Reaction mixture was washed with sat. ag. bicarbonate (2
x 100 ml), brine (1 x 100 ml) and dried with sodium sulfate.
Solids were filtered off and filtrate evaporated to dryness.
Residue was dissolved in ethyl acetate (hot, 300 ml) and set to
crystallize. Crystalline product was filtered off, rinsed with
cold ethyl acetate and air-dried to give 19.9 g, 81% of the
imidazolone. 'H-NMR, CDCls, (8): 10.63 (s, 1H), 8.06 (d, 1H,
J=3Hz), 7.66 (d, 2H, J=9Hz), 7.32 (m, 8H), 7.05 (m, 1H), 5.36
(m, 1H), 5.13 (s, 2H), 4.59 (m, 1H), 3.17 (m, 2H), 1.45 (s,
9H) . “C-NMR, CDCls, (8§): 170.4, 155.6, 154.3, 143.8, 141.0,
136.2, 135.8, 131.8, 130.2, 128.3, 128.0, 125.9, 122.2, 118.3,
116.0, 82.4, 66.8, 55.0, 37.7, 27.8. MS (m/z): 433.1 [M-56],
489.2 [M+1], 511.2 [M+23].

Example 3
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J=3Hz), 7.66 (d, 2H, J=9Hz), 7.32 (m, 8H), 7.05 (m, 1H), 5.36 (m, 1H),
5.13 (s, 2H), 4.59 (m, 1H), 3.17 (m, 2H), 1.45 (s, 9H). 13C-NMR, CDC13,
(S): 170.4, 155.6, 154.3, 143.8, 141.0, 30 136.2, 135.8, 131.8, 130.2,
128.3, 128.0, 125.9, 122.2, 118.3, 116.0, 82.4, 66.8, 55.0, 37.7, 27.8. MS
(Mm/z): 433.1 [M-56], 489.2 [M+1], 511.2 [M+23]. Example 3 -73 N/ N O

NNJ-O Orof TR / CbzHN O TS To a solution of the product of
Example 2 4.0 g, 8.19 5,mmol) in DMF (40 ml) crushed potassium
carbonate (1.58 ¢ 1¥4Pmmol) was added followed by the addition of

methy i 'aaﬁ:’etate (2.0 ml, 11.47 mmol). The reaction mixture was

material was purified by column chromatography (100% ethyl acetate) to

yield 4.5 g (100%) of the title compound as a white foam. Rf = 0.42 (5%

15 MeQHEH2ERY "MSM{ZT56d r Muth) . dH EiHREERCES) @ 8010;8.08. 19

d, 1H), S 7.67-7,65 83, 2H), $,7.37-7.30 (m, 7H), § 7,20-7.17 (m, 1H), S
mmog ) 024105k, 11, 85 365 FRG RHTEE 11s o) S 2 E8-4.55-)° 9
11.1H),r3 B (Ba 38H}R S 63 Nk 2H)y Sthd248d9H). X0 bxamplends 1

bromoacetate (1.0 ml, 11.47 mmol). The reaction mixture was
stirred under nitrogen at room temperature over night. The
reaction mixture was concentrated INn vacuo and the residue was
taken up in ethyl acetate (100 ml). The organic phase was
washed with H,0, brine, dried over Na,S0,, filtered, and
concentrated IN vacuo. The crude material was purified by
column chromatography (100% ethyl acetate) to yield 4.5 g
(100%) of the title compound as a white foam. Rf = 0.42 (5%

MeOH/CH,Cl;) . MS m/z=561, (M+H)'. 'H NMR (CDCls;) & 8.10-8.08
(d, 1H), & 7.67-7.65 (d, 2H), & 7.37-7.30 (m, 7H), & 7.20-7.17
(m, 1H), & 7.10-7.05 (m, 1H), & 5.30-5.27 (d, 1H), & 5.11 (s,
2H), & 4.58-4.55 (g, 1H), & 3.81 (s, 3H), & 3.16-3.14 (d, 2H),

0 1.42 (s, 9H).
Examgle 4
7N
N_/ QA
Wat
"
(@]
O
H,N \’<
O
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N/ O ~O N O HZN O~ O -74 A solution of the product of Example 3

(2.25 g, 4.01 mmol) in MeOH (20 ml) with Degussa Pd/C catalyst (113

mgs) was placed under H2 (55 psi) over night. The reaction mixture was

filtered through Celi d concentrated in yacuo to yigld 1.65.5 g (9/%

of the b ongourt 205 B o R CIRIRE Ve G2l ek o

in Mge40; (MmNa) w TENNMRGBEIF)Z .18 00y ¢d, 1H)] S M68)7.65¢dplaced

2t 7-Hs7 38 ’(%U?g S {2117 (. 10054105 7,06, (m, 1),

R ) z(lﬁll), §3.185j1 3 3A), Sl%%n.67-3.62 (m. 1H), S 3.16-3.09 (m, 1H), S

filz9nezigglirrudt), Sell A6 (sl 9O nErarhpkets SOBM MO PCISyield 1.65

g (BPGIB NN S02Q,Q Ho HaN ~J Ol Gy Q4 S5 OF HSI 3 15, (54
Pyridine-3-sulfonic acid (1257g, 0.78 m) was placed in a 1L, 3-necked

MeOffaskiequipped With mechahal stirtéia réflux "contiesesthémnoeétei 1-8.09
and nitrogen inlet. Next, the phosphcgus pentachloride (250

,1.19
(d/1 BHq) Wad added, Bllowdd 261m&didtely by tﬁépﬁé%spr?d*rzs 7020-7.17
(m, OXENlorgle; (330mL, 38 y,4-5189)- J he contents of flask gvesednitially  3y) , §

stirred at ambient temperature for 30 min, then brought slowly to gentle
3.6reflgax62 (m, 1H), 6 3.16-3.09 (m, 1H), 6 2.91-2.84 (m, 1H), O

1.46 (s, 9H).

Example 5
- SOH S0
| PCls / POCl4 | = |

~ > =

N N \\\\ NX ?Oz 0
H->N 0 H ]
S ~N
2 \‘)J\OH CH,0 ( \)J\ \l\

OH
HS

<
S
N

T

Pyridine-3-sulfonic acid (125 g, 0.78 m) was placed in a

1L, 3-necked flask equipped with mechanical stirrer, reflux
condenser, thermometer and nitrogen inlet. Next, the phosphorus
pentachloride (250 g, 1.19 m, 1.5 eq) was added, followed
immediately by the phosphorus oxychloride (330ml, 3.8 m, 4.5
eq) . The contents of flask were initially stirred at ambient
temperature for 30 min, then brought slowly to gentle reflux
(internal temp. approx. 110°C) over the next hour, kept at this
temperature for approx. 3.5 hr then allowed over the next 12 hr
to cool back to ambient temperature. Gas evolution was

observed during this time. The volatiles were stripped under

reduced pressure (at 12 mmHg/40°C) and yellow semi-solid
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(internal temp. approx. 110C) over the next hour, kept at this temperature
for approx. 3.5 hr then allowed over the next 12 hr 25 to cool back to
ambient temperature. Gas evolution was observed during this time. The

volatiles were stripped under c ressyre (at 12 mmHg/40C) and
e b e SO T2 okl WG Itk i D (71 THE Gy e *L1
intpoured stowlyrieto thecstirred, dces-etld sat.- adp.imiearbonates maiatainingning
pH:F}H:Ea§38&XEW{'?%IM%%*’%%S%T%R orggiic @Sé}l}’%é seRprated.and
agueous layer was back-extracted with DCM. The 5 tombined extracts
sepwerwashed withiicold satl age bicagsorizae k beiné aadtdriddiith DCM. The

comPAgREsLN sulfate. The solids.were ﬁﬂ%ﬁadc%fi&“Qi@(atgc?yaB%aé%%onate,

leaving pyridine-3- sulfonyl chloride as a pale yellow, oily liquid, 123
bri@m3ensurér8g%h thicbky) "FRERKR,ICDE BT ed)e 9. 78 )@, AP 18 98WdHe10

£11 ) &34 6m, TH), 662 (M, dK)e %M&&P%%m@gl 31 dfet 3
140.9, 134.6, 124.2. MS (m/z): 178.0 [M+1]. L-penicillamine (150 g, 1.0 m)

suliyag dissolveeriite stFing RPDPwERY (2500 Pl) Ycdoled ificelisathdo (23

purssCand %%%89@5 withformalin £129 ml. 3556 ag.), Ehe geaction mixtyg (44,
was stirred at +8C for 2 hr, then cooling bath was removed and stirring

1H)corttingied for, 12 hy., The élearselutian was' *conteniratetunder educesss . 3,

pressure (14 mmHg/50) leaying white residue. The solids were
l47ré§$u;ﬂp£%d9ed, %'«%Ssoﬁggd igfhot 20 MeOH (2500 ml) and left standing

MS gtambient temperatelfor 12 hr. The white, fluffy precipitate was filtered

off and rinsed ., with cold #Binol. he filtrate was concentrated and set, . .
(o Eryallsa-L0aIN.The LOIGEIad plegpiate s oM BeRwt e frdc. =79

in cropvangedried HOvacHU)T) oven ferP4ihr atkb® at A5 25 metidgahle yieddted
of (R)-5,5-dimethylthiazolidine-4-carboxylic acid was 138 g (>99% pure;

o)

"L C86% thBBry) "HINMR "BmMs0-d62(5)! 4.25 %, “04); 4108 (d1Fh "3 33E°

stiHdbd 24 (s, 3Md). 419 2 hr, then cooling bath was removed and
stirring continued for 12 hr. The clear solution was
concentrated under reduced pressure (14 mmHg/50°) leaving white
residue. The solids were re-suspended, then dissolved in hot
MeOH (2500 ml) and left standing at ambient temperature for 12
hr. The white, fluffy precipitate was filtered off and rinsed
with cold methanol. The filtrate was concentrated and set to
crystallize again. The collected precipitate was combined with
the first crop and dried in vacuum oven for 24 hr at 55°C at 45
mmHg. The yield of (R)-5,5-dimethylthiazolidine-4-carboxylic
acid was 138 g (>99% pure; 86% theory). 'H-NMR, DMSO-dé6, (d):
4.25 (d, 1H), 4.05 (4, 1H), 3.33 (s, 1H), 1.57 (s, 3H), 1.19
(s, 3H). '@C-NMR, DMSO-d6, (8§): 170.8, 74.4, 57.6, 51.8, 28.9,
27.9. MS (m/z): 162.3 [M+1].

In a 4L reactor equipped with mechanical stirrer and
thermometer, a buffer solution was prepared from potassium
monobasic phosphate (43 g, 0.31 m) and potassium dibasic

phosphate (188.7 g, 1.08 m) in DI water (2L). The (R)-5,5-

_7 6_



10

15

20

25

(s, 3H). 13C-NMR, DMSO-d6, (S): 170.8, 74.4, 57.6, 51.8, 28.9, 27.9. MS
(m/z): 162.3 [M+1]. 30 In a 4L reactor equipped with mechanical stirrer
and thermometer, a buffer solution was prepared from potassium
. _monobasic phosphate (4 0, potassi ba5|c p hate
T 5L B8 0y et iy (oL e (R 7o 8y o BRI v
addgithethylthsazotidie- lllma:tiOXszabmte_OdlgS, R675 mrwad lagldedlandion was
tirred until complete dissolution, The solution was cooled in an ice-b
oo e P Sepafiioh HrEpdibcr o GFVRAN EE3 lOAFSRS s LA Lon
of @R4iglihe93 Ayun RCMI1(125 boml)dras added; drapwise tanfheireantr (125
W|th wga rous stdrng]? over the 1 hbr. The pH of reactlon mixture was ‘
mon oreddand after Anrs foundttoeoerﬁ £5%hd" aotustecji?o pﬂl% bS irring
oveadditien mfksolldmmﬁnaié Thamxtmem&staihoave@ht@ wamm tuipted and
ambient temperat re_ov sa ed to 2 with 10 dil.
aftsﬁfulﬁcr:hamd Es?lrre for 1 apnd preC|p afiledj yeI ovflE S%Pdfv%\gg; ereccjlzg'qutlon
of offlrinsediwitrivatertte neuiliag The solie cake waslirarsferred wag2Lup to
Erl gam r flas spen §d Q. m wvgh c nal swirli gZJ‘or
ambSl?nln gf%gl ?I%er%%l a§a|% T ?rterc%ke Wé\liwasﬁ %gﬁlt & Czﬂvgﬁd 15
dilairetiedsThE yield ob thettitlestcompednd,(R)-b, erﬁethypreClpltated
ye134Ryridin-Busyifonylthiazolidige-4-carbpxylic.acid was éé@&%%% utral.
pure; 73% theory). 'H-NMR, DMSO-d6, (S): 9.05 (d,  1H), 8.89 (m, 1
Thesggkwﬁ1gﬁk¢6@%ﬁ1qﬁﬂnaﬂﬁr&F@kgnuPlizsEm%eQMEmgrsﬁ}aﬁﬁg
susffe AHRGLIC VMR, BMGOMG, 200K H00158.3) 147,9:1388 13415 min
4.8,72.6, 54.3, 50.2, 29.4, 25.0. MS (m/z): 303.2 [M+1]. Example 6
andNEAkjeQ§q“oﬂﬁ qgggg(jqpe filter cake was washed with DCM and

air-dried. The yield of the title compound, (R)-5,5-dimethyl-

3-(pyridin-3-ylsulfonyl)thiazolidine-4-carboxylic acid was
148.9 g (98% pure; 73% theory). 'H-NMR, DMSO-d6, (8): 9.05 (d,
1H), 8.89 (m, 1H), 8.32 (m, 1H), 7.69 (m, 1H), 4.68 (g, 2H),
4.14 (s, 1H), 1.35 (s, 3H), 1.29 (s, 3H). 'C-NMR, DMSO-d6,
(8): 170.0, 154.3, 147.9, 135.8, 134.1, 124.8, 72.6, 54.3,
50.2, 29.4, 25.0. MS (m/z): 303.2 [M+1].

NQO
- /
= o
b
o)

N\)J\ o)
CIoN
S—T\\ 0] \Fi

Example 6

To a solution of the product of Example 4 (1.65 g, 3.88
mmol) in acetonitrile (35 ml) was added the product of Example

5 (1.06 g, 3.53 mmol), HATU (1.75 g, 3.88 mmol), and
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NNNO S T_HO 251 To a solution of the product of Example 4 (1.65 g,

3.88 mmol) in acetonitrile (35 ml) was added the product of Example 5

(1.06 g, 3.53 mmol), HATU (1.75 g, 3.88 mmol), and -77 triethylamine (5.3

1M, TE\e homog egus-prown qutpn was stirred lf)nder nitrc&encfor 72

rieth ine . ml.) . e omogeneous rown S on was

fours. The organic reaction mixture was toncentratéd n vacuo,utaﬁen up

s t immsthylacgtaten (40cd)e washed WithhtN HCI, sath daHCe8,iand beng.ion

mi X122 GUIRNCIRNEL S Pl PUOUHAREO . TieIec, g FONERNialtelhar e
vacuo to yield 2.67 g (97%) 3 as an orange foam. Rf =0.36 (5%

(4 OMROH/CH2CIZY MS T/ zEF1ECM+H P LIHINMEO(CDE1R]) 819.09--9.081d,

orglcllfﬁ’cs § é§'8xf}a(g]’&we§ %37%183&%5% :L,H)f§l%@z_e§'05a% JJ_C%LSentrated

_7.66-7.637(d, 2H), S 7.52-7.48 (m, 1H), S 74110738 (d, 2H), S

IN Yaoup15¢my 1f)AS%.68-704(f 51HP $6.93° 69t A H)OS™- 834760 - 36

(G 1H), S 4.71 (S, 2H), 6 4.62-4.59 (d, 1H), 6 4.49-4 46.(d, 1H), 6 3.91 (S, o
© °1CH§%,@§§8%2§3%,%H), %.E‘fé.g}s?ﬁﬁ, 2%%{%1.’46 (% gh). 5(1&.§%913.i7%(d§ 709
9.08H).d5 Exampke 2 NicA O, Nd -Qt 1101)S03 08 NN ©~4 St thO Tay, § 8.07-

solution of the product of Example 6 (2.67 g, 3.75 mmol) in THE (12 ml)
8 . OyadBddel lar sélutior® 6f LiGHHZ6 (245 ings? 20 537 mirfol)(ivH26)(@8 © 7-

7. 3% Jhe sgaction m.i%f-ev"y?%_s?ﬂedﬁ%{ ooy temergtuge oyer night R
under’nitrogén. Upon completion the reaction mixture was corncentrate
6. 90 vaguo] dissolved .is 3H207(4.00aml),1and adidifietito @H 42mith adlM HCI-4 . 59

solution.
(d, 1H), & 4.49-4.46 (4, 1H), & 3.91 (s, 1H), ©& 3.80 (s, 3H), o

NN

1-

NeJ

3-

3.22-3.08 (m, 2H), o6 1.46 (s, 9H), &6 1.20-1.17 (d, 6H).

Example 7

L
N S0, 0

N\/ﬂ\ 0]
CI N
S—T\\ O \fi

NQ Q

N/ NJ\\OH
h
o)

To a solution of the product of Example 6 (2.67 g, 3.75
mmol) in THF (12 ml) was added a solution of LiOH-H,O (245 mgs,
5.97 mmol) in HO (3 ml). The reaction mixture was stirred at
room temperature over night under nitrogen. Upon completion
the reaction mixture was concentrated INn vacuo, dissolved in
H,O (100 ml), and acidified to pH 4 with a 1M HC1l solution.

The desired product precipitated out as a white solid and was
filtered and rinsed with H,O to yield 1.87 g (72%) of the title
compound. MS m/z=697, (M+H)'. 'H NMR (CDsOD) & 9.02 (s, 1H), &

9.80 (s, 1H), o 8.47-8.44 (d, 1H), & 8.21-8.19 (d, 1H), & 7.98-
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The desired product precipitated out as a white solid and was 25 filtered
and rinsed with H20 to yield 1.87 g (72%) of the titte compound. MS
m/z=697, (M+H)". 1H NMR (CD30D) 6 9.02 (s, 1H), 6 9.80 (s, 1H), 6
8.47-8.44§d, 1?},76 8.21-8.19 (d, 1H=§ 6 7.9gl- -787.96 (d, 1H), S

7- 9% 65% 587y, ). s°P53-748 (M7 383 7017 P43 (m: 1HfTs 4378 (.0 7+ 17"

713 410274-63 (M, BH)(S,4.24\($, dH), $3.42:3:164m. 3H), S§45 (8 (s,
9H), S 1.25-1.19 (d, 6H). 13C NMR (CD30D) S'169.9, 169.5, 168.9,

1H) 158.13 182:83 147.5(15, 14218, 140.2, 136.65 13518, 138.0,.131-7,.120.9d, 6H) .
126.0, 124.2 7.8,114.9,81.8, 72,6, 54,1 49.9, 41 3, 36.4, 28.5,

123.9, 11 .

“C 20K AT RO BN A 1N T BAST0 b5The probiin it EXArinie
1422 €52 g40.196 mpwas slursed én Me@th(4503ml)7hydrogenatiarpeatalyst 24 . 2,

(8.7 g, 5% Pd/C, Deguss as added apd the mjxture was stirred under
123th%’hy]uigg(§n 15 ]:al%r"n%spt?&-jfré\:%(BOE71 I)6Unt|‘? ﬁ.rr?ﬁer %Séfpt@f}'c&efasgé '(éa. 385
26 .lrs).2BHE (150 ml) was added to dissolve precipitated solids and the

solution was filtered through plug of Celite, using DCM to rinse the filter.

The filtrate was evaporated to dryness, re-dissolved in DCM (300 ml) and

Exagipbppe® again. This operation 20 was repeated twice. The foamy solids
were kept undgg high vacuum for 3 hrs. The yield of titte compound was

:173.8, 154.6, 143.9, 141.0, 25 137.4, 131.5,
118.0, 116.1, 81.4, 56.0, 40.6, 27.9. MS (m/z): 299.3

M+1I377.4 [M+23]. -79

The product of Example 2 (52 g, 0.106 m) was slurried in
MeOH (450 ml), hydrogenation catalyst (8.7 g, 5% Pd/C, Degussa)
was added and the mixture was stirred under the hydrogen
atmosphere (60 psi) until further absorption ceased (ca. 2
hrs). THF (150 ml) was added to dissolve precipitated solids
and the solution was filtered through plug of Celite, using DCM
to rinse the filter. The filtrate was evaporated to dryness,
re-dissolved in DCM (300 ml) and stripped again. This operation
was repeated twice. The foamy solids were kept under high

vacuum for 3 hrs. The yield of title compound was 38.3 g (101%
of theory). 'H-NMR, CDCls, (8): 8.08 (m, 1H), 7.56 (AB q, 4H),
7.37 (m, 1H), 7.06 (m, 1H), 3.68 (m, 1H), 2.03 (m, 2H), 1.49
(s, 9H). 'C-NMR, CDCls, (8): 173.8, 154.6, 143.9, 141.0,
137.4, 131.5, 130.2, 126.1, 122.3, 118.0, 116.1, 81.4, 56.0,
40.6, 27.9. MS (m/z): 299.3 [M-56], 355.4 [M+1], 377.4 [M+23].
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Example 9 N-NH N S020 N,,"~ HO S 7 0 The product of Example 8
(38.3 g, assume 0.106 m) was 5 dissolved in DCM (500 ml) and treated
successively with: N- methylmorpholine (27 g, 30 ml, 0.266 m; 2.5 eq),
aH t(§7.3 g, 0.128 m, ; 1.2 eq), and the product of Example 5 (33.8 g,
; 1.06 eq). The resulting non-homogenous solution was cooled in
an ice-bath to +4C and tre ith EDC (22.5 g, 0.117 m; 10 1.1 eq) in
one portion. The reaction ixture|was stirred, allowing it to warm up to
ambient temperature over fe.géx ar and then for 18 hr more. The
solvent was stripped and resiglue dissolved in ethyl acetate (1.2L),
hed with sat. ag. & K te TR x 250 ml), water (250 ml), brine (300
N \ml and 15 dried with esium sulfate. The solution was filtered and
apoTJQed(tp dry aving a light orange, viscous oil, 76 g (>>1000).
The Njggbﬂngduc was purified by flash chromatography on silica gel
(Bidtage:75L MK €thyk & mﬁmethanol (3%) mixture. Fractions,
conginfag purél20 product, were combined and evaporated to give 54 g
of of thI title compodfd (yield 830). 'H-NMR, CDC13, (S): 10.37 (s, 1H),
9.11 (s, 1H), 8.87 (m, 1H), 8.19 (m, 1H), 8.05 (m, 1H), 7.56 (AB g, 4H),
7.52 (m, 1H), 7.36 (m, 1H), 7.06 (m, 2H), 4.83 (m, 1H), 4.58 (AB a, 2H),
3.98Hs, PHRBite (mf 2EXainpdBds 8OH); 2531.82 (5,s3Hd)nd.. 18 () BH)) was
. 13C-NMR, C , (S):.169.7, 167.6, 1539, 148.4, 143.8, 140.9, 135.8,
ST R 555, Vo1 0\ 190.0' 138 6014 B 195 1 L1 0: 1156 B2 TN
meth@.Bmb4he80ne (27 g, 30 ml, 0.266 m; 2.5 eq), HOBt (17.3 g,
0.128 m, ; 1.2 eq), and the product of Example 5 (33.8 g, 0.112

Ex

m; 1.06 eq). The resulting non-homogenous solution was cooled
in an ice-bath to +4°C and treated with EDC (22.5 g, 0.117 m;
1.1 eq) in one portion. The reaction mixture was stirred,
allowing it to warm up to ambient temperature over the next 4
hr and then for 18 hr more. The solvent was stripped and
residue dissolved in ethyl acetate (1.2L), washed with sat. aqg.
bicarbonate (2 x 250 ml), water (250 ml), brine (300 ml) and
dried with magnesium sulfate. The solution was filtered and
evaporated to dryness, leaving a light orange, viscous oil, 76
g (>>100%). The crude product was purified by flash
chromatography on silica gel (Biotage 75L, in ethyl-
acetate/methanol (3%) mixture. Fractions, containing pure
product, were combined and evaporated to give 54 g of of the
title compound (yield 83%). 'H-NMR, CDCls, (8): 10.37 (s, 1H),
9.11 (s, 1H), 8.87 (m, 1H), 8.19 (m, 1H), 8.05 (m, 1H), 7.56
(AB g, 4H), 7.52 (m, 1H), 7.36 (m, 1H), 7.06 (m, 2H), 4.83 (m,
1H), 4.58 (AB a, 2H), 3.96 (s, 1H), 3.19 (m, 2H), 1.49 (s, 9H),
1.22 (s, 3H), 1.18 (s, 3H). C-NMR, CDCls, (8§): 169.7, 167.6,
153.9, 148.4, 143.8, 140.9, 135.8, 135.6, 132.9, 131.9, 130.2,
125.9, 123.8, 122.1, 118.0, 115.9, 82.8, 73.6, 60.3, 54.8,
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53.7, 50.6, 37.8, 29.1, 27.8, 23.9, 14.1. MS (m/z): 583.3[M- 56], 639.4
[M+1], 661.3 [M+23]. Example 10 5 OH 0 OEl F3C To an ice chilled
solution of ethyl trifluorobutyrate (15 g, 89 mmol) and ethyl formate (36

L, 444 mmgl) in THE, (200 mL) 10 under N ad solution
53 drets o 25%(10 mzrlnbl,%#m %vegﬂa%zéf?naf}hut%?p?eﬁénzz ffor 3
56 Imirful@s theldelbath 6kads rembved &nd the reaction mixture was stirred
one hour at room temperature. Additional ethyl formate (18 mL, 222
mmol) was then added and the reaction mixture was stirred overnight. 15
Exampd eed@ion mixture was concentrated and the residue partitioned
between cold ether (100 mL) and cold water (300 mm). The pH of the
agueous phase was adjusted to 2 with concentrated HCI. The product
OWa®extracted with dichloromethane (1 x 100 mL, 45 x 75 mL) and the
iad 20 organic extracts were washed with brine (1 x 100 mm), dried
gS04), filtered, and concentrated to yield the title compound as thick oll
FsCwhich solidified upon standing, 10.2 g (58.5%). MS (m/z) =198 (M + H)".
25 Example 11 "- /N~~ N" N OH F3C To a solution of the product of
Example 10 (10 g, 51 mmol) and diethylguanidine sulfate (8.3g, 25.2
mnial) BEnEtCt (60 ML) e@1sudderiN2, wds adted NaOEL] 20%osolatioreire (15

g, r%rggtﬁ?(e%%gs%ef%@hmm%‘%9%8%% 10pingte pgrgd, 18 featlionyr (200 m1)
under N, was added a solution of 1 M KOtBu in THF (107 mmol,
107 mL) over a 25-minute period. After 15 minutes the ice bath
was removed and the reaction mixture was stirred one hour at
room temperature. Additional ethyl formate (18 mL, 222 mmol)
was then added and the reaction mixture was stirred overnight.
The reaction mixture was concentrated and the residue
partitioned between cold ether (100 mL) and cold water (300
mL) . The pH of the agqueous phase was adjusted to 2 with
concentrated HCl1l. The product was extracted with
dichloromethane (1 x 100 mL, 45 x 75 mL) and the combined
organic extracts were washed with brine (1 x 100 mL), dried
(MgS0O4), filtered, and concentrated to yield the title compound
as thick 0il which solidified upon standing, 10.2 g (58.5%).
MS (m/z) = 198 (M + H)"'.

Example 11

SN

A

To a solution of the product of Example 10 (10 g, 51 mmol)
and diethylguanidine sulfate (8.3g, 25.2 mmol) in EtOH (60 mL)
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heated at reflux for 5 hours. The heterogeneous solution was cooled and

poured into cold water (100 mL) to give a homogenous 5 solution. The pH

of the solution was adjusted to approximately 3.5 with conc. HC1 and 1 N

HC1 _A solid precipitat m sglution, which was collec ilteation.
e gt G Ser s ALt o viter e JIcIRg 2.6 §L 55+
mmo(23%)vefrthe title -compoumdo®S (mi/z) =T250 f(MacH) odHMNKMR1 119 (@09 then
heah\,ﬂé—g’ gp%ﬁ%@l§x7§g1gbr5$’h]o r§'.55 %e‘“ﬂ?ﬁggo e%g% g"?éo( ’u@_inn was

Example 12 ,- ~ N-~- NN OTf 15 F3C A flask was charged with the
cooprpduendf Brxamplé 11 {20 ¢ 1802 amaol),(DIEALLE mb, 8.88ammol)pmogenous
so1RMAR, (98,9, 0.8 mmel).. aad dichieromethane (30 maw). I h@dﬂ%}etgm%ately

cooled to OC and 20 trifluoroacetic anhydride (1.5 mL, 8.83 mmol) was
3. Sadded! THe Feactioh Fetdnie Nomogenedus and dvaarstipicel &0C forty om

so1heursy Themixure was gueachediwith sat. NaHEO3 andrextracted with,
dichlorormethane. The organic phase was washed with 0.2 N citric acid,
soldfed'BverRaDSO4Vfiltdretd2aRd cBRCemidted T 29 vakti6 16 yiid 2.87 § -

(236@p%)rofithe title compoyndrs,a browr selid; THNMEY (300 MHz) | 'n MR
CDC13) S 8.28 (s, 1H), 3.65-3.52 (m, 4H), 3.29-3.19 (q, 2H), 1.22-1.17 (t,
(306HYIHE2 ES@rfple D3 VTNG2 NN $H OEN~ F3C (g, 4H), 3.30 (q, 2H),

1.25 (t, oH).

Example 12

SN

N)%N

|
Ykow

F3;C

A flask was charged with the product of Example 11 (2.0 g,
8.02 mmol), DIEA (1.5 mL, 8.83 mmol), DMAP (.98 g, 0.8 mmol),
and dichloromethane (30 mL). The mixture was cooled to 0°C and
trifluoroacetic anhydride (1.5 mL, 8.83 mmol) was added. The
reaction became homogeneous and was stirred at 0°C for 3 hours.
The mixture was quenched with sat. NaHCO; and extracted with
dichlorormethane. The organic phase was washed with 0.2 N
citric acid, dried over Na»SO4, filtered, and concentrated In
vacuo to yield 2.87 g (94%) of the title compound as a brown
solid. 'H NMR (300 MHz, CDCls;) & 8.28 (s, 1H), 3.65-3.52 (m,
4H), 3.29-3.19 (g, 2H), 1.22-1.17 (t, 6H).
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A solution of the product of Example 12 (1.3g, 3.5 mmol), 5
H-Phe(p-N02)OtBu (1.1 g, 4.2 mmol), and DIEA (0.9 mL, 5.3 mmol) in
CHS3CN (14 mL) under N2 was heated to reflux overnight. The next day
Exa%gq_gorla_.’l H-Phe(p-N02)OtBu (0.8 g, 3 mmol) was added and reflux was
for 3 days. The reaction mixture was then cooled and
concentrated The residue taken-up in EtOAc (50 10 mL) and the organic
portion washed wjfh 0.5 N KHSO4 (3 x 50 mL), water (1 x 50 mL), brine
ed (I\?IgSO4), filtered and concentrated to a brownish gum.
N crudexxaterial was purified by flash chromatography (5:1
Qex nes EtO?c) to yield 640 mg (38%) of the title compound as a 15
0

3:1 hexanes/EtOAc, Rf = 0.30, MS (m/z) = 498 (M+H)",
Hz, CDC13) S 8.19 (d, 2H) , 7.80 (s, 1H), 7.25 (d, 2H),
FsC 519(brd 1H), 4.95 (q, 1H), 3.70 -3.50 (m, 4 H), 3.45 - 3.25 (m, 2 H),

3.18 (4o2bibA0 4% L HY bOsdlice H) r2@kamapmde 14 N(HZ N,NIN @o1),
H O F3C 25 The product of Example 13 (635 m9 1.27 mmol) was

H-Pgirdevdfin Abtluté EtORr (5 mE) Wﬁl)ch addéd 358 Ing oflpa/€; $ommoL)
in WieN hereagtion wagstbijectad $0 hydragenation é45 83 psidia)ifgrh2.5 The
hours at which time 50 m%? of Pd/C, 10 wt % was added and the

nexfeatfidn Misiure agaih UbjE&da tg%y&)rya@nét@or‘? (45 psi HP) Overfight, 2dded

andThe reactionapixtiyewas: diferes-thioughya padofLelite anddhe filtkate re was
0,
was 5 c&/ﬁilegtrated to give 452 mg (76%) of the title Comg%quo I\Q% %togc (50

EReD 4EBINRH)E"tH NMR(E00 W9, CoeTay S 775166, 19

mL) and the organic portion washed with 0.5 N KHSO; (3 x 50
mL), water (1 x 50 mL), brine (1 x 10 mL), dried (MgSOQO4),
filtered and concentrated to a brownish gum. The crude
material was purified by flash chromatography (5:1
hexanes/EtOAc) to yield 640 mg (38%) of the title compound as a
golden gum. TLC: 3:1 hexanes/EtOAc, Rf = 0.30, MS (m/z) = 498
(M+H)", 'H NMR, (300 MHz, CDCls) & 8.19 (d, 2H), 7.80 (s, 1H),
7.25 (d, 2H), 5.19 (br 4, 1H), 4.95 (g, 1H), 3.70 -3.50 (m, 4
H), 3.45 - 3.25 (m, 2 H), 3.10 (g, 2H), 1.40 (s, 9 H), 1.05 (t,
6 H).

Example 14

/\N/\ NHZ

A

The product of Example 13 (635 mg, 1.27 mmol) was
dissolved in absolute EtOH (5 mL) to which was added 35 mg of

Pd/C, 10 wt%. The reaction was subjected to hydrogenation (45
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6.90 (d, 2 H), 6.60 (d, 2 H), 5.05 (brd, 1 H), 4.80 (g, 1 H), 3.70 - 3.45 (m,
6 H), 3.10 - 2.90 (m, 4 H), 1.40 (s, 9 H), 1.15 (t, 6H). 10 Example 15 N/
NO2 NHN~NN ~HO F3C 15 A solution of the product of Example 14

.(598mg, 1.2 ), 2-chlqgro-3-nitropyridine (243 mg, 1.5 ol), and o
PSILIER (007 AL B i 1 EHOE (B D) GBS oo fmted afe e
wa sreflddeThe mext lday the reactionvias coeled @ndradditioreat R2echloro-3-

itropyridine (4 0,25 mmo (0.23,mL, Q. 1mol) 20
7 T Ahd the 1o RaibR b o tCeLat o for one ey The redsionrze 2
f1lmpixtard wagmc@nma@éd éﬁdiﬁ@r_e@'ﬁdhé:hakeﬁ-%mmﬂ@%m
coniy): Theoiganjc phase was washedwithowatgr (2,20 M), fhenq. s

combined aqueous washes was back extracted with EtOAc (2 X 10 mm).
(m/TEhe combinetMotahic 25Hexirkcts d@be Mished Mith: D. DNTciftfe acid (3 xH) ,

0mlL), r (1.x ), sat. NaHCO3.(3 x 20 mL), brine (1, x 10 mL),
6.9 rie( ’(I\/I\%ﬁgﬁ), ]fﬁt'e%gdrgl%d s%ipdyéd g)'aéan5 org)nrgedgur%. ff‘%é c]?u'd%& (@' 1 H),
3. 7produdt- was purified By flash chromatogbapiy elutidg with.4:0 -84, 9 H), 1.15
(t h% ng:s/EtOAc (Rf = 0.14) to yield 610 mg (81%) of the title compound
"as a'red oil. MS (m/z) = 590 (M+H)", 1H NMR (300 MHz CDC13) 6 10.10
(s, 1H), 8.55 (d, 1H), 8.50 (m, 1H), 7.79 (s, 1 H), 7.75 (d, 2H), 7.15 (d,

Exaddhd-8G (a, 1H), 5.10 (br d, 1 H), 5 4.90 (m, 1 H), 3.70 - 3.45 (m, 4 H),
%Tm_z. ~2H), 3.10 (q, 2 H), 1.40 (s, 9H), 1.10 (t, 6 H).

| X
N~ NG,
SN NH
N)\N

A solution of the product of Example 14 (598mg, 1.28mmol),
2-chloro-3-nitropyridine (243 mg, 1.53 mmol), and DIEA (0.67 mL
;,3.83 mmol) in EtOH (5 mL) under N; was heated at reflux. The
next day the reaction was cooled and additional 2-chloro-3-
nitropyridine (40 mg, 0.25 mmol) and DIEA (0.11 mL, 0.60 mmol)
was added and the reaction was heated at reflux for one day.

The reaction mixture was then concentrated and the residue

taken-up in EtOAc (20 mL). The organic phase was washed with
water (2 x 20 mL). The combined agqueous washes was back
extracted with EtOAc (2 x 10 mL). The combined organic

extracts were washed with 0.2 N citric acid (3 x 20 mL), water
(1 x 10 mL), sat. NaHCO3 (3 x 20 mL), brine (1 x 10 mL), dried
(MgS04), filtered and stripped to an orange gum. The crude
product was purified by flash chromatography eluting with 4:1
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Example 16 N/ NH2 /~N'-aNH N~NN ~HO0 10 F3C To a solution of
the product of Example 15 (610 mg, 1.03 mmol) in absolute EtOH (5 mL)
was added 60 mg of Pd/C, 10 wt%. The mixture was subjected to

hydro on( pSI avernight. Th xt da € feacfio m|x
e T o COTE and e Mikte conattiatiel s grva Db L £1e
co m@?l%ﬁofamatltt@dompd)unmw&r(ﬁﬂz) = 56O M@H) 1H NMRJI(BOO(W-OZ MHz ,
DCI3) 6 780 )720 2H 5 (d, 7.00 (d, 1
Cch 795 (. D)6, 26 (he s L FD; S48 (Eh Pors, 1) 4 88 dr, 378 - =
3?457(51 <4dH) 3140 (b'r S, 2H)q,3. 28 (m, 2H803 @ﬁxqmlﬁ) 154008 Qﬁ) d 1 H),
15 (t, 6 85,Example,17 N/ NI -NO =N O O F3
4 9i?ol fﬂdn eprodu@t of xan\%\lplrl 16 (411_|4 rhg, 0%%0 m’m ?’éhd% I(6§q’
H) ,my, 8B78smnit) in CH2C 1243 ndL)Ayvas stirred overnight. The next day
additional CDI (30 mg, 0.185 mmol) was added and the reaction was
stirred another day. The reaction mixture was then concentrated and

Exatgrde-ulbin EtOAc (10mL) and 10 the organic portion washed with 0.2 N
citric acid (3 x 5 mL), water (1 x 5 mL), sat. NaHCO3 (3 x 5 mL), brine (1

x5 mL),
I\
NF NH,
NH

/\N/\
N N
ﬁ/k

FsC

To a solution of the product of Example 15 (610 mg, 1.03
mmol) in absolute EtOH (5 mL) was added 60 mg of Pd/C, 10 wt%.
The mixture was subjected to hydrogenation (45 psi Hy)
overnight. The next day the reaction mix was filtered through
Celite and the filtrate concentrated to give 500 mg (87%) of
the title compound. MS (m/z) = 560 (M+H)", 'H NMR (300 MHz ,
CDCls3) & 7.85 (d, 2H), 7.80 (s, 1H), 7.20 (d, 2H), 7.05 (d,
2H), 7.00 (4, 1L H), 7.75 (m, 1 H), 6.20 (br s 1 H), 5.15 (br
s, 1H), 4.85 (m, 1H), 3.75 - 3.45 (m, 4 H), 3.40 (br s, 2H),
3.15 (m, 2H), 3.05 (g, 2H), 1.40 (s, 9H), 1.15 (t, 6 H).
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dried (MgS0O4), filtered and concentrated to yield 69 mg (470) the title
compound as a foam which was used without further purification. MS
(m/z) =586 (M+H)", 1H NMR (300 MHz , CDC13) S 15 8.20 (br s, 1 H),
%’éig]? gd¥ 3H), 7.80 (s, 1H), 7.65 (d, 2 H), 7.90 (m, 3 H), 7.05 (m, 1 H), 5.15
; , 4.95 (m, 1H), 3.70 - 3.45 (m, 4 H), 3.25 (app d, 2 H), 3.10 (q,
2H), 1.40 (s, 9H), 1.15 (t, 6 H). -86 Example 18 N/\ NN nO H O F3C To
a solution of the :ﬁct of Example 17 (67 mg, 0.114 5 mmol) and

K2CO3 (150 mng.4 7 mmol) in acetone (1 mL) was added Mel (21 uL,
0.343 mmol). The pension was stirred overnight at room temperature.
/\Thg\@actio ixture Wds then concentrated and the residue was
[ Ac (B mL). The organic portion was washed with water (3
N¥ IR mL), (1 x40 mL), 10 dried (MgSO4) filtered and concentrated to
ielt] 69g (H00%) of the title compound as a clear oil which was used
|thoq')# fu he?ﬁrification. MS (m/z) = 600 (M+H)", 1H NMR (300 MHz
F,c€DC13) SB.10/(d, 1H), 7.75 (s, 1H), 7.61 (d, 2H), 7.30 (d, 2 H), 7.25 (m,
1H), 7.05 (m, 1H), 5.15 (br s, 1H), 4.95 (m, 1H), 15 3.75 - 3.40 (m, 7H),
3.25 (m, 2 H), 3.10 (d, 2H), 1.40 (s, 9H), 1.15 (t, 6 H). Example 19 N/ \

N~z /[DNTNNK LG NQE H Q203G Example 16 (141 mg, 0.250

mmol) and CDI (62 mg, 0.378 mmol) in CH,Cl, (3 mL) was stirred

overnight. The next day additional CDI (30 mg, 0.185 mmol) was
added and the reaction was stirred another day. The reaction
mixture was then concentrated and taken-up in EtOAc (10mL) and
the organic portion washed with 0.2 N citric acid (3 x 5 mL),
water (1 x 5 mL), sat. NaHCO; (3 x 5 mL), brine (1 x 5 mL),
dried (MgS0O4), filtered and concentrated to yield 69 mg (47%)
the title compound as a foam which was used without further
purification. MS (m/z) = 586 (M+H)', 'H NMR (300 MHz , CDCls) &
8.20 (br s, 1 H), 8.05 (d, 1H), 7.80 (s, 1H), 7.65 (d, 2 H),
7.90 (m, 3 H), 7.05 (m, 1 H), 5.15 (br 4, 1H), 4.95 (m, 1H),
3.70 - 3.45 (m, 4 H), 3.25 (app d, 2 H), 3.10 (g, 2H), 1.40
(s, 9H), 1.15 (t, 6 H).
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The product of Example 18 (69 mg, 0.115 mmol) was dissolved in formic
acid (2 ml) and the solution was warmed at -87 40C overnight. The
reaction mixture was concentrated to yield 55 mg (88%) of the title
compoynd as a tan solid. TLC: Rf = 0.50 (7:3 MeOH/H20 +0.1 TFA,
Exaftfle g e C.18 silica), MS (m/z) = 544 (M+H)", 1H NMR (300 MHz |
DMSO-d6) S 7.15 (s, 1H) 5 7.99 (d, 2H), 7.70 (s, 1H), 7.65 - 7.55 (m, 2 H)

7.45(d, 2 H), 7. , 2H), 7.05 (app d, 1 H), 7.61 (m, 1 H), 3.65 - 3.10

(m, 11 H), 1.10 (f/ 6 M), 13C NMR (75 MHz, DMSO-d6) S 174.9, 164.2,

161.5, 160.7, 15 53.3, 143.8, 141.1, 138.7, 132.7, 130.5, 129.5,
/\125,1 125.8 4, 148.9, 115.6, 96.0, 56.4, 10 41.9, 36.8, 31.4, 31.0,

8. 14.2/ Ex4mpld 20 NON | CI SH NH2 15 To a solution of
zém\dlch -amlngpyrlmldlne (5.0g 30.7 mmol) in DMSO (30 mL) was
la2SHH20 (7.4 g, 30.8 mmol). The mixture was stirred at room
t mpé}atu e overnight. Water (40 mL) was then added to the mixture and
e solutiofl 20 evaporated under reduced pressure to approximately 6
mL. To this solution was added conc. HCI (0.5 mL) and water to
pretipitates theygrodce Thetsolmiorowas fitéreixanPie brange/solid,wis 114

d d % I
ot 0 500 pTLA 0 EUSLIN M S e

Me T(H, bils); MSErhiz)Net )= 162h68§E§i§ﬁip)1@911 NON $tirred overnight

at room temperature. The reaction mixture was then concentrated
and the residue was taken-up in EtOAc (5 mL). The organic
portion was washed with water (3 x 10 mL), brine (1 x 10 mL),
dried (MgSO,) filtered and concentrated to yield 69mg (100%) of
the title compound as a clear oil which was used without
further purification. MS (m/z) = 600 (M+H)', 'H NMR (300 MHz ,
CcDhCls3) o6 8.10 (d, 1H), 7.75 (s, 1H), 7.61 (d, 2H), 7.30 (d, 2
H), 7.25 (m, 1H), 7.05 (m, 1H), 5.15 (br s, 1H), 4.95 (m, 1lH),
3.75 - 3.40 (m, 7H€), 3.25 (m, 2 H), 3.10 (d, 2H), 1.40 (s, 9H),
1.15 (t, 6 H).

Example 19
{;j?
N/
N N—
Sayeh:
@]
N~ P
ﬁ/km OH
FsC ©

The product of Example 18 (69 mg, 0.115 mmol) was

dissolved in formic acid (2 ml) and the solution was warmed at
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CINH2 To the product of Example 20 (4.3 g , 26 mmol) dissolved 5 in
conc. NH40H (4 mL) was added EtOH (40 mL). To this solution, Raney
Nickel (excess) was added in portions. The reaction was stirred at room
o eratur vernl L and then. heated at 80C for 2 hrs. The mlxtur was
40 {:eerpéd "throu eh ite ang?hgcfll?rate cor%cen?ratecfJ The' crulae pr08§ctto yteld

55 was ﬂ.@&ﬁl)l’lfl@ﬂ byfrffiastmdﬂlrerna@wraphw oassilicatusing EtOAc/Hek@ne8: =
d 0) oft e tLII m 1 N
0- 5goo {li/ergl %%/ldsﬁg%é) 5 Q ‘90’ 2E9ﬁc’) s?@s“’%%%z H, fsggms m? l\% Q—/(L’i‘%‘s)of
(m/%5 Example ZM+INI5‘N Gl yNISH (Bo meflﬁtzoducDMfsEanmMé 21.(0%b1(g, 1H),

o7 fod3 8z i i BN 550 52 i i adaedin

,one pertion, TEIH ) redction wasestireed at ropm tbn@peranurebvmmglﬁt atd - 3.10
addltlonal HOAc, CH3CHO, and NaBH3CN were added. The reac ion

( whd sfifred buehhigh, céné‘émratecd NG thé redittie WALAKER) 28 uplid 4 - -

164EtQAc and sat. NaHE03.1Fle separsted aqmamsalay@mww packs.7, 132.7,
extracted with EtOAc. The combined organic Ia%er was dried and

1306otcehtrated to'a ?esudué‘ “Phieresidue was Hissolved” i MeOH nd’ 204/
10 41 .tweated vaith BOAC, CH3CHO2and NaBHICN as described -89 above.
Following the work up procedure described above the crude product was
purified by flash chromatography on silica using EtOAc/hexanes, to afford
Exa0B3bg (30%) of the title compound as a yellow oil. 1H NMR (300 MHz,
CDC13)51.35(3H, 5q,J =12 Hz), 3.29 (2 H, m), 4.21 (1H, bs), 8.04 (1

H, s),
)
cH\ASH
NH,
15
To a solution of 4,6-dichloro-5-aminopyrimidine (5.0g ,
30.7 mmol) in DMSO (30 mL) was added Na,S'9H,O0 (7.4 g, 30.8
mmol). The mixture was stirred at room temperature overnight.
Water (40 mL) was then added to the mixture and the solution
20 evaporated under reduced pressure to approximately 6 mL. To

this solution was added conc. HCl1 (0.5 mL) and water to
precipitate the product. The solution was filtered and the
orange solid was washed with water and dried to afford 4.3 g
(86%) of the title compound. 'H NMR (300 MHz, DMSO-dg¢) & 5.84
25 (2 H, s), 7.79 (1 H, s), 14.37 (1H, br s); MS(m/z): MH = 162.
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8.36 (1H, s); MS(m/z): MH™ = 158. Example 23 N_N Y CloilN1010 To
the product of Example 22 (70 mg, 0.45 mmol) dissolved in DMF (1 mL)
was added TEA (93 uL) and isonicotinoyl chloride (0.12 g, 0.67 mmol).

Exa giéeaﬂlon mixture was stirred at room temperature for 2 days and then

between EtOAc and 15 sat. NaHCO03. The separated aqueous
layer was back extracted with EtOAc. The combined organic layer was
drig,d\\and concentrated to give 67 mg (57%) of the title compound which
s usgd without further purification. 1H NMR (300 MHz, CDC13) 5 1.26
.65-3.69 (1 H), 4.21 (1H), 7.17 (2 H), 8.43 20 (1H), 8.54 (2 H), 8.86
Cl (1 H) Note: 1H NMR shows evidence of rotamers as demonstrated of
broattess of all peaks; MS(m/z): MH™ = 263. -90 Example 24 N _ N1NH
NONONHHO 01---r I Ol< 015 To a solution of the product of

Exafpld’e3 {528 b.2F FRamRiR A8 ptdddctdf ExampEaLb.135:§s01ved
in @S8dmMol), P (25 M) vasadded DHoA (Q.85 mk.)L,9 mraol}nhkhe

reaction mixture was stirred in a sealed tube at 130C for 2 days. The
501 Gutie MixtiitBWas déicehtraTetFand tnd 6P waS Pififich By 0 ARG - The
rea@ﬁmﬁml@H@ﬁ@@ﬂr@ghyaﬁﬂmmsmveQMy@ﬁgﬁmﬁéOdMBénN@ﬁﬁith then
hea(ﬁ:eHgCaiLg té)(}ggldftgg tglehcrosn}po%qgea?n?gtollllif%Hw’y\sﬂRfiltered through
Celite and the filtrate concentrated. The crude product was
purified by flash chromatography on silica using EtOAc/hexanes
to afford 1.6 g (47%) of the title compound as a yellow solid.
'H NMR (300 MHz, DMSO-d¢) & 5.90 (2 H, s), 8.20 (2 H, s);

MS (m/z) MH" = 130.

Example 22

NN

uﬁf
g

To the product of Example 21 (0.51 g, 3.9 mmol) in MeOH
(20 mL) and HOAc (0.5 mL) was added CH3CHO (0.52 mL, 9.2 mmol).
Then NaBH3CN (590 mg, 9.2 mmol) was added in one portion. The
reaction was stirred at room temperature overnight and
additional HOAc, CH3CHO, and NaBH3CN were added. The reaction
was stirred overnight, concentrated, and the residue was taken
up in EtOAc and sat. NaHCO;. The separated aqueous layer was
back extracted with EtOAc. The combined organic layer was
dried and concentrated to a residue. The residue was dissolved

in MeOH and treated with HOAc, CHsCHO and NaBH3CN as described
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(300 MHz, CDC13) 5 1.16 (1.2 H, m), 1.26-1.31 (1.8 H, m), 1.50- 1.53 (9
H, d, J = 9 Hz), 3.0 (L H, m), 3.2 (0.8 H, m), 3.36 (1.2 H, m), 4.12-4.18
(1.2 H, m), 4.96-5.10 (.8 H, m), 5.80 15 5.95 (1 H, m), 6.93-6.96 (1 H, m),

7.07 (1 H, 7.31-7.45 (5 H,,m), 7.66-7.75.(3 H, 8.06 (1 H, m
00 56 BRI Y BE I Sl BOGE BT 3o TR M S gl the
cruBrampled2s N wad, NHr NONO© OH ﬂ\l&llsl_*ﬂ H@@@at'b@ﬂmopmd@mt efilica
us1 AEPL2S (101090 013 imeliags dissobiedyn Q2642 (@ 1ml

and TFA (0.05 ml). %e reaction was stirred at room temperature
comgyarnightand thier tomcenitlated o V¥R tha tRleMibmpéiiel OH NMR35 (3 H,

o, (BO0 Mbizy CDC13) 5,1.07- 4.21(3 Hym)y3.213,3 R, mh 3,65-3:8 2 Hy) |
m), 4.2-4.5 (2"H, m), 5.54 (1A, bs), 7.15-7.18 (1H, m), 7.35 (1H, m), 7.46
8.3@ 10 B, n9) 7.3637687% H, M) 781428, bs), 7.95 (1 H, m), 8.25 (1 H,
m), 8.58 (3 H, m); HPLC/MS: single peak at 0.4 min, MH" _ 525. Example
26 'NJ NO2 NNH N ~~ 15 NO2 H 0 To a cold solution of
Exagpl@cRi3ro-5-nitropyrimidine (3.5 g, 18.1 mmol) and
N,N-diisopropylethylamine (3.2 mL, 18.1 mmol) in THE (30 mL) was
added a solution of L-4'-nitrophenylalanine 20 t-butyl ester (4.84 g, 18.1
obmn THE (15 mL) via cannula. After complete addition, the mixture

hs;ti red at OC for 30
Cl = IN

N NS
]

To the product of Example 22 (70 mg, 0.45 mmol) dissolved
in DMF (1 mL) was added TEA (93 ulL) and isonicotinoyl chloride
(0.12 g, 0.67 mmol). The reaction mixture was stirred at room
temperature for 2 days and then partitioned between EtOAc and
sat. NaHCO3. The separated aqueous layer was back extracted
with EtOAc. The combined organic layer was dried and
concentrated to give 67 mg (57%) of the title compound which
was used without further purification. 'y NMR (300 MHz, CDCls)
5 1.26 (3 H), 3.65-3.69 (1 H), 4.21 (1H), 7.17 (2 H), 8.43
(1H), 8.54 (2 H), 8.86 (1 H) Note: 'H NMR shows evidence of
rotamers as demonstrated of broadness of all peaks; MS(m/z):

MH" = 263.
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minutes. Diethylamine (3.0 mL, 29.0 mmol) was added and the reaction

stirred for 18 hours at room temperature. The -92 reaction mixture was

concentrated in vacuo and the residue taken up in 0.5 N HCI (100 mm).
Ex aIm § i§t re was extracted with dichloromethane (3 x 50 mL) and the
—ct%'rrgn-eg organic layers were washed with sat NaHCO3, water, dried
(Na2S04) , and 5 concentrated in vacuo. The residue was purified by
flash chromatography on sili ing ethyl acetate/hexanes, to afford 5.9
g (70%) of the title compoun as Mwhite solid. 1H NMR (300 MHz,
CDC13)51.24 (6 H, m), 1. , S), 3.11 (2H, m), 3.51-3.72 (4 H, m),
5.00 (1H, g, J=6Hz), 7.35 (2 =9 10 Hz), 8.13 (2H, d, J=9 Hz), 8.73
(1H, brd), 8.97 (1H, s), MHZ, CDC13) 512.7, 13.2, 27.8,
37.6, 42.6, 42.8, 54. , 12010, 123.6, 130.1, 143.9, 147.0, 154.8,
157.q\|1’5§.R|, 169.2F /Ms:gngle peak at 4.071 min, MH" = 461. 15

ld’

R > g, 23 20 mmol) in ethyl acetate (200 mL)
addgd of 39 wt % Pd/ .81 g). While stirring, the flask was

house \%cuum for 15 minutes. The flask was capped with a
, flughed with hydrogen gas via balloon, and stirred under the
hydrogen atmosphere for 4 hours. The mixture was filtered through 25
Celite and the filtrate was concentrated in vacuo to afford 9.87 g (98%) of

the title_co s aclear ol d ithout furth
pur#%;cac:?iors:.g F%%l{rl\}lq\%lﬂli (%go%&ﬁz,bgg%%g SB%ZEI%&%)%%O 9°Ili|,£s§g,r' 042

mmog 1 152#, t MR 8.5 -3 70 EKARpRS, 880 (DH1§5J56H2); 6HBOYEH) din TPA
L s
mixfpgg was stirred in a sealed tube at 130°C for 2 days. The
crude mixture was concentrated and the oil was purified by
flash column chromatography with a solvent gradient of 0-10%
MeOH in CH,Cl, to yield the title compound as an oil. 'H NMR
(300 MHz, CDCl3) & 1.16 (1.2 H, m), 1.26-1.31 (1.8 H, m), 1.50-
1.53 (9 H 4, 3 =9 Hz), 3.0 (1l H, m), 3.2 (0.8 H, m), 3.36
(1.2 H, m), 4.12-4.18 (1.2 H, m), 4.96-5.10 (.8 H, m), 5.80-
5.95 (1 H, m), 6.93-6.96 (1 H, m), 7.07 (1 H, m), 7.31-7.45 (5
H, m), 7.66-7.75 (3 H, m), 8.06 (1 H, m), 8.44-8.51 (2 H, m);
HPLC/MS: single peak at 1.29 min, MH" = 581.
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120.1, 125.7, 130.2, 145.4, 154.9, 157.7, 160.1, 170.3; HPLC/MS: single
peak at 2.704 min, MH" = 431. 5 Example 28 N NO2 JI~N/INH N~N
H, NO2 H O To a solution of the product of Example 27 (0.46 g, 1.1
Examﬂoel) Egd 2-chloro-3-nitropyrimidine (0.2 g, 1.3 mmol) in ethanol was
"N-diisopropylethylamine (0.4 ml, 2.3 mmol). 10 The reaction
mixture was heated at reflux fpr 38 hours and then cooled to room
temperature. The mixture wrs concentrated in vacuo and the residue
taken up in ethyl acetate. Thi tion was washed with 0.2 N citric acid,
water, sat NaHCO3, brine, dred S0O4) , filtered, and concentrated in
vacuo to yield 15 the pmpolnd which was used without further
purification. 1H NM MHz,DC13) 5 1.17-1.29 (6 H, m) , 1.40 (9 H,
s), 382 W t, I=§

: %?, 132.4, 135.5, 136.9, 154.9, 155.2, 157.7, 160.1, 170.1; MS:
singlépeak'at 6.037 min, MH™ = 553. -94 Example 29 NY | NHZ NHN F

AN H,, N ~

To the product of Example 24 (7.6 mg, 0.013 mmol) was

dissolved in CH,Cl, (0.1 ml) and TFA (0.05 ml). The reaction
was stirred at room temperature overnight and then concentrated
to yield the title compound. 'y NMR (300 MHz, CDCls3) & 1.07-
1.21 (3 H, m), 3.2-3.3 (2 H, m), 3.65-3.8 (2 H, m), 4.2-4.5 (2
H, m), 5.54 (l1H, bs), 7.15-7.18 (1H, m), 7.35 (1H, m), 7.46 (1
H, m), 7.56-7.63 (4 H, m), 7.81 (1 H, bs), 7.95 (1 H, m), 8.25
(1 H, m), 8.58 (3 H, m); HPLC/MS: single peak at 0.4 min, MH' =
525.

Example 26

To a cold solution of 2,4-dichloro-5-nitropyrimidine (3.5
g, 18.1 mmol) and N,N-diisopropylethylamine (3.2 mL, 18.1 mmol)
in THF (30 mL) was added a solution of L-4’-nitrophenylalanine
t-butyl ester (4.84 g, 18.1 mmol) in THF (15 mL) Vvia cannula.
After complete addition, the mixture was stirred at 0°C for 30
minutes. Diethylamine (3.0 mL, 29.0 mmol) was added and the

reaction stirred for 18 hours at room temperature. The
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NO Z O To a solution of the product of Example 28 (0.1 g, 0.17 5 mmol) in
ethanol was added 10 wt % Pd/C (0.01 g). The reaction mixture was
evacuated flushed with hydrogen via balloon, and stirred under the
real dro en atrpo§phere for ane ho!Elr The r a}ct@gcmB(tureaN%%fllterggld e
oug slite and the filtrate concen ra ed in vacua to give
take@mppundlv\lhlcﬂn Wadused 1Q0without further purificatien wbd NMR1(300ed with
dchfgr&P%@ggel ](% 12’3%66154 m}:trtl' 2c}(1% e Shis 3(8%(;’ ]O%f%krll IE 'layers
3.47-3.71 (4 H, m),4.84 (1H, q J 6Hz) 5. 291 1H 6.29 6y
wer@HiasherH ) 6198sAH, NJEIHC%ZHW)aVem (PHiddI=K8-H8),) 7. ZEIZHQH
con@,e%%‘f%tga 41/ 8abud, I74,aHz)L. 8 Gadlk-d, 18%91@96'32)@9 95 (1-H.,
; 13C NMR (75 MHz, CDCI3) 512.9,13.4, 27.9,37.2,42.6,42.9, 82.1,
chr@@ﬁQOgaaehyzeq 1235%HZE%D92@9hY31@C$38EE1HQMQHQ§AHtO afford
5. 515497187 702600, WAL4HBLOAMS: single Beakak:2 6451, M=
523. 20Example30LNH NI/IN~JON~NH\ ~NO NOZHO 1<
(30Ph&PBroduc?of Exatnple 20 (007 gM0.14 mhbl) ehd cafbonyP - 11 (2H, m),
3. sdiimidazole4(0:05 g,)0-33 ramol)iin dichlorpmethane (3 -95 mb) werey, J=9
stirred at room temperature overnight. The reaction mixture was washed 3
2) wit whater! eied INa2SH 42 Fittefod” AndL Eon&itrated inVacltto yidld €
NMRtheﬁﬁlempznp@mdtwhlet was7use_tchﬂhoqt7fuetheBpuretf;caat@%;LHd\ng% 54.7,
BmJMHzCDcr$55117128@t1m)1449t1 318335% 3
821y, 383973 1@ m) 1487 04 (£H °m) 02 %07 ¢fH 8m) 238 {1HIa2 - O

169.2; HPLC/MS: single peak at 4.071 min, MH' = 461.

Example 27

—
A

N

| H,

TR
no, T O

To a solution of the product of Example 26 (10.75 g, 23
mmol) in ethyl acetate (200 mL) was added of 10 wt % Pd/C (0.81
g). While stirring, the flask was connected to house vacuum for
15 minutes. The flask was capped with a septum, flushed with
hydrogen gas via balloon, and stirred under the hydrogen
atmosphere for 4 hours. The mixture was filtered through
Celite and the filtrate was concentrated in vacuo to afford
9.87 g (98%) of the title compound as a clear oil. The product
was used without further purification. 'H NMR (300 MHz, CDCls;)
> 1.24 (6 H, m), 1.40 (9 H, s), 3.11 (2H, t, J=6Hz), 3.51-3.70
(4 H, m), 4.80 (1H, g, J=6Hz), 6.60 (2 H, d, J=9 Hz), 6.97 (2H,
d, J=9 Hz), 8.64 (1H, brd), 8.97 (1H, s); '°C NMR (75 MHz,
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J=9Hz), 7.44 (2 H, d, J=9 Hz), 7.70 (2H, d, J=9 Hz), 8.05 (1H, d, J=6Hz),
8.76 (1H, d, J=6 Hz), 8.99 (1 H, s), 10.40 (1 H, s); 13C NMR (75 MHz,
CDC13) 5 12.9, 13.3, 27.9, 37.7, 42.5, 42.8, 10 55.6, 82.4, 116.2, 118.2,

20.1, 122.2,126.1, 130 1.9,,136.0,141.1, 143 2, 155,1,
COCEEY 6 1665 172 FIPLLINS: Shialé piak &t 5.7 i, V- Zi54g? 07 1152
120EXampkb37/ ,15.3 N-~2I, NiL A8 NIKIN B# =} O+5N02,H B> Tola sdlutiors of

od Ex 30 (0 0 l).in tone (3 mL) was
HPL?(%%C[ C%%%% (8&%% Ot15 m2r7ngo é%j?gng}@gomet %ﬁne (20jL, 0.33
mmol). The reaction was stirred for 30 minutes, concentrated in vacuo,
Exampd ehe2@sidue partitioned between dichloromethane and water. The
organic portiopwas collected, dried (Na2S0O4) , filtered, and
concentrated in vacuo to yield the title compound which was 25 used
wjthout furthe) Jari isggion. 1H NMR (300 MHz, CDC13) S 1.17-1.27 (6 H,
L m’) 1.41 WH3.17-3.30 (2H, m), 3.49 (3 H, s), 3.56-3.72 (4 H, m),
"N4.86-4.93 (1H m), 7.05-7.09 (1H, m), 7.25 (1H, d, J=6Hz), 7.39 (2 H, d,
N)%‘l . 9 (2H, d, J=9 Hz), 8.04 (1H, d, J=6Hz), 8.75 (1H, d, J=6 Hz),
9\@) 13C NMR (75 MHz, CDC13) 5 12.9, 13.3, 27.0, 27.9,

37. 2 55.6, 82.4, 113.5, 117.7, 120.1, 124.3, 125.8, 129.9,
NPz2 3, 1956 140.8, 143.1, 155.0, 157.6, 160.0, 170.2; HPLC/MS: single

pealoat2.64mip: M ©563n2 BXaRIe 82 Example 27 (0.46 g, 1.1

mmol) and 2-chloro-3-nitropyrimidine (0.2 g, 1.3 mmol) in
ethanol was added N,N-diisopropylethylamine (0.4 ml, 2.3 mmol).
The reaction mixture was heated at reflux for 18 hours and then
cooled to room temperature. The mixture was concentrated In
vacuo and the residue taken up in ethyl acetate. This solution
was washed with 0.2 N citric acid, water, sat NaHCO;, brine,
dried (Na,SO4), filtered, and concentrated In vacuo to yield
the title compound which was used without further purification.
'H NMR (300 MHz, CDCls) & 1.17-1.29 (6 H, m), 1.40 (9 H, s),
3.22 (2H, t, J=6Hz), 3.64-3.71 (4 H, m), 4.90 (1H, g, J=9Hz),
6.80-6.85 (1H, m), 7.24 (2 H, d, J=9 Hz), 7.60 (2H, d, J=9 Hz),
8.46-8.53 (2H, m), 8.72 (1H, d, J=6 Hz), 8.98 (1 H, s), 10.11
(1 H, s); 'C NMR (75 MHz, CDCl;) & 12.9, 13.3, 27.9, 37.4,
42.6, 42.9, 82.3, 113.9, 120.1, 122.5, 129.9, 132.4, 135.5,
136.9, 154.9, 155.2, 157.7, 160.1, 170.1; MS: single peak at
6.037 min, MH' = 553.
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_INi N~ND O N~NH ~N Ol< HN-j O 10 To a solution of the product
of Example 31 (0.9 g 1.6 mmol) in ethanol (10 mL) and ethyl acetate (10
mL) was added 10 wt % Pd/C (0.15 g). The reaction mixture was
Exag%q_rggggated for 18 hours (55 psi of H2) , filtered through Celite, and
ted in vacuo. The residue was dissolved in ethanol (5 15 mL)
and acetone ). Platinum oxide (0.09 g) and a few drops of glacial
acetic acid weye added and the reaction mixture was hydrogenated for 18
L zﬁ)urs (55 psi of H2).NT'he mixture was filtered through Celite and the
nfiltrate ¢ Pied in vacuo. The residue was taken up in 20
)\gichloro ne, washed with sat NaHCO3, dried (Na2S04), filtered and
N| cgneg tratéd in vacuo. The residue was taken up in toluene and
invacuo Yyielding the title compound. 1H NMR analysis of
nBisHtesi mnstrated the product contained no residual acetic acid.
1H NMR (300 MHz, CDCI3) 5 25 1.05 (6 H, d, J=6 Hz), 1.17 (6 H, t, J=6
Hz), 1.39 (9 H, s), 2.04 (1 H, bs), 3.03 (1H, m), 3.24 (2H, d, J=6 Hz), 3.48
(3 He, S), 35153644 He M), 4.83 (41, 10), 5:9%4Lhbed J=HeH2D 1 o, 0.17
7.03-7.08 (1H, m), 7.22 (1H, m), 7.35 (2 H, d, J=9 Hz), 7.62 -97 (3H, M),
mmog D3 He Bhase HZAY2136NMR (75 MHZ: G E3)® 18, 92 8Thg greaction
mi x26:96 2796 37 42:0.48,2,154,81,82:0, 113.6,, % iel2h31125:6, ang
129.9, 132.1, 136.1, 140.7, 143.1, 144.1, 152.7, 155.68, 159.0, 171.1;
stippee/Msdsingldfedik aE2%EB MirMMPRe 595 e%ampfe 39ur- The

reaction mixture was filtered through Celite and the filtrate

concentrated IN vacuo to give the title compound which was used
without further purification. 'y NMR (300 MHz, CDCls3) o 1.1l6-
1.31 (6 H, m), 1.42 (9 H, s), 3.06-3.19 (2H, m), 3.47-3.71 (4
H, m), 4.84 (1H, g, J=6Hz), 5.291 (1H, s), 6.29 (1H, bs), 6.74
(11, t, J=7Hz), 6.98 (1H, d, J=7.2Hz), 7.12 (2 H, d, J=7.8 Hz),
7.22 (2H, d, J=8.1 Hz), 7.78 (1H, d, J=4.5Hz), 8.65 (1H, d,
J=6.9 Hz), 8.95 (1 H, s); '°C NMR (75 MHz, CDCls) & 12.9, 13.4,
27.9, 37.2, 42.¢, 42.9, 82.1, 117.2, 118.5, 120.1, 123.5,

128.6, 129.9, 131.0, 138.8, 140.4, 145.4, 154.9, 157.7, 160.0,
170.4; HPLC/MS: single peak at 2.645 min, MH' = 523.

Example 30

—

N

The product of Example 29 (0.075 g, 0.14 mmol) and
carbonyl diimidazole (0.05 g, 0.31 mmol) in dichloromethane (3
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JN~I1Ni N~ NeoHN 1< NHO O 10 To a solution of the product of
Example 32 (0.38 g, 0.66 mmol) in pyridine (3 mL) at 0OC was added
methanesulfonyl chloride (0.3 mL, 3.9 mmol). The reaction was allowed
) 1943 S room femperatire overnightand was concentyated Jp vaguo, . ; o,
15 The résidue was taken up in entlﬁﬁ aceltla]ie, washecf\%% 0.2 N citric
mixacidewates, satNatdCOB; brinetdned (Na2804NafiRéred, andtered, and
confRGEPLBLes hapyalq de IEIle COlnoNad Wi BR P YO s
further purification. 1H NMR (300 MHz, CDC13)5 0.85(1.5H,d,J=7
uselz)y 100D {5 F 1o e 7ehiz) i £33 RON24 (9H, IR 1.670@ . 51Hi 5),CREA =)
1 103H,9), 2HLAF S). 289G BH. ), 319320 (M. 1343 H. 953 15
3.47-3.62 (4H, m), 4.36 - 4.40 (1H, m), 4.76 - 4.83 (1 H, m),’5.64 (0.5 H,
(4 H,JB)7/HE), &72 (P8 H Id g 27 HZ); 9017--2.05 (1HH, m),7.203¢ H1dJ d,
J=9mB)H2) 729 (3.3 (2K, )=7.58,77.62 28(2b i), 7, 7DEH8), 7-98 05 (11,
7.99 (1H, d, J =1 Hz), 1H NMR shows evidence of rotamers; 13C NMR
d, EMiHL; COCOR) S 13.30,20862112) 21%; 37 5876, 30.9, 39.9441.61 H, s);
15 5448, 559, 194:6, 5551819 822, 403:9; 104.2,113,9,:104,2, 1185, -98 5,
113.6,117.7,124.3, 125.7, 125.9, 129.9, 130.1, 132.1, 132.2, 135.9,
55.$36.92140.7, 1432, 1525, 1574, 458:6,1160:3,1160°6,- 17013438/ NMR. - 2+
136shpws evidence ofratamess; HPLEAMS (M/2)s single peak at, 2.77mim MH

= 653. 5 Example 34 N _ .
HPLC/MS: single peak at 2.2 min, MH" = 549.

Example 31

To a solution of the product of Example 30 (0.02 g, 0.037
mmol) in acetone (3 mL) was added Cs,CO3; (0.05 g, 0.15 mmol)
and iodomethane (20 uL, 0.33 mmol). The reaction was stirred
for 30 minutes, concentrated In vacuo, and the residue
partitioned between dichloromethane and water. The organic
portion was collected, dried (Na,SO4), filtered, and
concentrated IN vacuo to yield the title compound which was
used without further purification. 'H NMR (300 MHz, CDCl;) &
1.17-1.27 (6 H, m), 1.41 (9 H, s), 3.17-3.30 (2H, m), 3.49 (3
H, s), 3.56-3.72 (4 H, m), 4.86-4.93 (l1H, m), 7.05-7.09 (1H,
m), 7.25 (1H, 4, J=6Hz), 7.39 (2 H, d, J=9 Hz), 7.679 (2H, d,
J=9 Hz), 8.04 (1H, d, J=6Hz), 8.75 (1lH, d4, J=6 Hz), 8.98 (1 H,

_96_



10

15

20

25

N~ND O NI-~-NYH,, N.OH HSN Ot 10 The product of Example 33
(0.05 g, 0.077 mmol) was dissolved in formic acid and heated at 40C for
18 hours. The reaction mixture was concentrated in vacuo to yield the title

.Co 1 300 ,\CDC13) 5 0. (5H§, =9Hz), 1.

(15 T D5= 6 pa) 13 -4 o, 9 3 02 (1.5, 16 5) 2.68 (55 H 9"
42.3.21423.56 (9 ¥, tm), 424, 4 B5J1H, M)/4:82 D H] d, I246 Hz),14.928,

(0,5 ,J= 6 , ¢.01.5,7.11 (2.H,m), 7.26 - 7.30 , m), 7.35-7.3 )
129(19H, Frg)f?lzrgd -%8 2H,1 %@,'15001(%.35'%,’s)?gs?mo(o.si?ﬁ 's?’s.(l)g%(ig,’ d§7o'2'
HPLE AMBHZF 1 bEINMResHoves edidénee of rdfimers 523G NMR (75 MHz, 20

CDC13)Ss 12.6,12.7,21.4, 27.1, 39.8, 39.9, 52.7,106.8, 107.1,114.2,

118.0, 124.4, 126.3, 126.4, 130.1, 130.4, 132.0, 135.7, 136.2, 140.5,

Exampie 3244, 151.2,151.3,152.9, 161.1, 161.4, 165.1, 173.9, 13C NMR
shows evidence of rotamers; HPLC/MS (m/z): single peak at 2.27 min,

MH™ =597. 25 -99 Example 35 "~N N~N | OMe NO2 To

2,4-dichloro-5enitrppyrimidine (2.0 g, 10.3 mmol) in McOH (7 5 mL) at 0C

under N2 was NaOMe (0.5 M in McOH, 25 mL)

To a solution of the product of Example 31 (0.9 g 1.6
mmol) in ethanol (10 mL) and ethyl acetate (10 mL) was added 10

X

wt $ Pd/C (0.15 g). The reaction mixture was hydrogenated for
18 hours (55 psi of Hy), filtered through Celite, and
concentrated IN vacuo. The residue was dissolved in ethanol (5
mL) and acetone (5 mL). Platinum oxide (0.09 g) and a few
drops of glacial acetic acid were added and the reaction
mixture was hydrogenated for 18 hours (55 psi of Hy;). The
mixture was filtered through Celite and the filtrate
concentrated IN vacuo. The residue was taken up in
dichloromethane, washed with sat NaHCOs, dried (Na,SO04),
filtered and concentrated In vacuo. The residue was taken up in
toluene and concentrated In vacuo yielding the title compound.
'H NMR analysis of this residue demonstrated the product
contained no residual acetic acid. 'H NMR (300 MHz, CDCls) &
1.05 (6 H, d, J=6 Hz), 1.17 (6 H, t, J=6 Hz), 1.39 (9 H, s),
2.04 (1 H, bs), 3.03 (1H, m), 3.24 (2H, d, J=6 Hz), 3.48 (3 H,
s), 3.51-3.64 (4 H, m), 4.83 (1H, m), 5.92 (1H, d, J=6 Hz),
7.03-7.08 (1H, m), 7.22 (1H, m), 7.35 (2 H, d, J=9 Hz), 7.62
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dropwise. After the addition was completed, the reaction mixture was

stirred at 0 C for 15 min. Then diethylamine (5 mL) was added and the

mixture was stirred at rt overnight. The reaction mixture was concentrated

and the res ew s 10 paxtit betwee 20, @é’rg

(3HI rswaged%d ag{d c(ghcéfntrégltqu)é a I‘§SI[§T§§ I'}V%Iigl: pur-ﬁ %

22. &)roﬁiht@grabﬁy on sllicadusing EOAEHExanes, ‘éb, affdrdathe 8titled , 113 6,

11600POUA 35 ap ol Wiis sIG (110 %0 Mgl 410 YR, VR (a3,
(300 MHz, CDC13)51.26(6H, t, J = 66H 15370 (4 H, M), 4.08 (3H

144s)l 9.005@H, 5) 1HPLEIMSI MH0, 2771 Exanijfié G6MN=-< iNgNe| Onsek at 2.8

20 IH2 Tothe product of Example 35 (1.1g, 4.9 mmol) in MeOH/EtOAc

(1:1, 20 mL) was reduced with Pd/C (5% degussa, 0.5g) and H2 (50 psi)

ina Parr shaker overnight. The reaction mixture was 25 filtered and the

Exa}“ﬁ@@d_—;\gas concentrated under reduced pressure to afford the title
compound as a solid (0.85g, 4.3 mmol, 88.5% yield). 1H NMR (300 MHz,
CDC13)51.18 (6H, t, J =-100 6.9 Hz), 3.03 (2 H, br), 3.57 (6H, t,J=6.9

Hz), 3.96 (3H,@Zl (1H, s); HPLC/MS: MH® = 197. Example 37 ~~N'\

min

N~N IN~10Me \INH50

To a solution of the product of Example 32 (0.38 g, 0.66
mmol) in pyridine (3 mL) at 0°C was added methanesulfonyl
chloride (0.3 mL, 3.9 mmol). The reaction was allowed to warm
to room temperature overnight and was concentrated in vacuo.
The residue was taken up in ethyl acetate, washed with 0.2 N
citric acid, water, sat NaHCO;3, brine, dried (Na,S04), filtered,
and concentrated IN vacuo to give the title compound which was
used without further purification. 'y NMR (300 MHz, CDClsz) o
0.85 (1.5 H, d, J =7 Hz), 1.02 (1.5 H, 4, J =7 Hz), 1.13 -
1.24 (9H, m), 1.37 (4.5 H, s), 1.39 (4.5H, s), 2.77 (1.5 H, s),
2.89 (1.5 H, s), 3.19 -3.27 (2H, m), 3.45 (3 H, s), 3.47 - 3.62
(4H, m), 4.36 - 4.40 (1H, m), 4.76 - 4.83 (1 H, m), 5.64 (0.5
H, 4, J = 7 Hz), 5.71 (0.5 H, 4, J =7 Hz), 7.01 - 7.05 (1 H,
m), 7.20 (1 H, 4, J =8 Hz), 7.29 - 7.35 (2H, m), 7.58 — 7.62
(2H, m), 7.75 (1H, s), 7.98 - 7.99 (1H, d, J = 1 Hz), 'H NMR
shows evidence of rotamers; °C NMR (75 MHz, CDCls3) & 13.3,
20.9, 21.4, 21.5, 37.5, 37.6, 39.9, 39.9, 41.9, 51.8, 51.9,
54.6, 55.1, 81.9, 82.2, 103.9, 104.2, 113.9, 104.2, 113.5,
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To the product of Example 36 (0.85g, 4.3 mmol) in CH2CI2 (15 mL) and
TEA (1.4 mL, 10 mmol) was added isonicotinyl chloride HCI salt (1.13g,
6.3 mmol). After 15 min, TLC showed no 10 starting material. The mixture
was extracted een EtOAcan t. Na 3,Th ueou erw
1 3v'vgéhei(c;L \?wttr? ’E?Oe%\ﬁé't%vicig‘?hﬁc:%n%?ﬁe% o?g%%icglhyﬁe?ﬁwg’e %?ghgd 32.2,
135wih saB NaHCO38Cant, brifhe. & wassdried over/MgsOusandfiltéred. Fhe160. 6,
17of"Erat&3’@%}»&9”8%?&%@99&9&%‘96@9&'%% paund a%?LtHfM’é‘ sald) .
(1.3g, 15 4.3'mmol, 1700% yield). TH NMR (300 MHz, CDC13) 5 1.20 (%SH,
s1ng1P=169 Hz),t3.80 (41H, 7y, IH6.9 Hz}33.96 (3 H, s), 7.72 (2H, d, J=6.0
Hz), 7.75 (1H, bs), 8.80 (2H, d, J = 6.0 Hz), 8.89 (1H, s); HPLC/MS: MH"
= 302. 20 Example 38 NV\ N~N I N~1OMe Ir~\N" O 11 To the
Examphec8df Example 37 (100 mg, 0.33 mmol) in THE (1 mL) 25 was added
KOtBu (1M in THF, 0.5 mL) slowly followed by Etl (40 DL, 0.5 mmol). The
reaction mixture was stirred at rt -101 overnight. TLC showed the
disappearance @f the starting material. The mixture was partitioned
between EtOAN . The aqueous layer was washed with EtOAc.
The combined organi¢ layers were washed with sat. NaHCO3 and brine.
[ d (ﬁggentrated to give the title compound (90 mg, 0.27
ol, 839 t was used without further purification. 1H NMR (300

The product of Example 33 (0.05 g, 0.077 mmol) was
dissolved in formic acid and heated at 40°C for 18 hours. The
reaction mixture was concentrated INn vacuo to yield the title
compound. ‘'H NMR (300 MHz, CDCl;) & 0.81 (1.5H, d, J = 9Hz),
1.03 (1.5 H, 4, J =9 Hz), 1.13 - 1.48 (9H, m), 2.92 (1.5 H,
s), 2.98 (1.5 H, s), 3.21 - 3.56 (9 H, m), 4.24 - 4.35 (1 H,
m), 4.82 (0.5 H, d, J =6 Hz), 4.92 (0.5 H, d, J =6 Hz), 7.01
.11 (2 H, m), 7.26 - 7.30 (2H, m), 7.35 - 7.38 (1H, m), 7.50
.58 (2H, m), 8.00 (0.5 H, s), 8.01 (0.5 H, s), 8.09 (1H, d,

-7
-7

J = 9 Hz), 'H NMR shows evidence of rotamers; '°C NMR (75 MHz,
CcDhCl3) & 12.6, 12.7, 21.4, 27.1, 39.8, 39.9, 52.7,106.8,
107.1,114.2, 118.0, 124.4, 126.3, 126.4, 130.1, 130.4, 132.0,
135.7, 136.2, 140.5, 142.9, 144.4, 151.2, 151.3, 152.9, 1le6l.1,
161.4, 165.1, 173.9, '>C NMR shows evidence of rotamers;
HPLC/MS (m/z): single peak at 2.27 min, MH' = 597.
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HPLC/MS: MH"™ = 330. 10 Example 39 N--\ ANOH N~IO\N O 1115
To the product of Example 38 (200 mg, 0.61 mmol) in DMF (4 mL) was
added EtSNa (66 mg, 0.79 mmol) and the reaction mixture was heated at

ExaghO(lg fg 1 hr. LC/MS showed starting material still present. Another
—p'grnUn-U’EFNaSEt (66 mg, 0.79 mmol) was added and the reaction heated

~Qranother 2 hr. LC/MS showed product 20 only. DMF was removed
;Jgder reduced pressure and H20 (10 mL) was added followed by conc.
'\f HC1 (0.132 mm). Evaporating of the solvent left a residue. It was
BSopyigd in EtOH and filtered. The filtrate was concentrated to to yield
tNe title compound (190 mg, 100%) that was used without further
purlzfication. 1H 25 NMR (300 MHz, CD30D) 5 1.24 (9H, m), 3.60 (4 H, m),
3.60-4.00 (2 H, br), 8.12 (3H,d, J=5.7 Hz), 8.92 (2H, d, J = 5.7 Hz);

To HPECIMS, MH = 8164110 MRIgi4Q TN\ TN NI GLON 11 Taon (7
the product of Example 39 mg, 0.22 mmol) in POC13 (3 mL) Satrt
mL) waé alided-diggwdhiline 36 £y atheriaiior! thixtute WasMred #0°0106:C

drd@%§9éﬂm-E@@Qﬂ“ﬂﬁ%cgag¥gﬁgﬁdwggecompleted, the reaction
mixture was stirred at 0 C for 15 min. Then diethylamine (5
mL) was added and the mixture was stirred at rt overnight. The
reaction mixture was concentrated and the residue was
partitioned between EtOAc and H,O. The organic layer was dried
and concentrated to a residue which was purified by flash
chromatography on silica using EtOAc/Hexanes, to afford the
title compouns as an off white solid (1.1 g, 4.9 mmol, 47%
yield). 'H NMR (300 MHz, CDC1l3) & 1.26 (6H, t, J = 6.6 Hz),
3.70 (4 H, m), 4.08 (3 H, s), 9.01 (1H, s); HPLC/MS: MH' =
227.

Example 36

SN

A

To the product of Example 35 (1.1g, 4.9 mmol) in MeOH/EtOAc
(1:1, 20 mL) was reduced with Pd/C (5% degussa, 0.5g) and H;
(50 psi) in a Parr shaker overnight. The reaction mixture was
filtered and the filtrated was concentrated under reduced
pressure to afford the title compound as a solid (0.85g, 4.3
mmol, 88.5% yield). 'H NMR (300 MHz, CDCls) & 1.18 (6H, t, J =
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residue was partitioned between EtOAc and H20. The organic layer was
washed with H20 twice. Then it was dried and concentrated to give the
titte compound (50 mg, 0.15 mmol, 68%) 10 and used for the next reaction
Whutfrt r purificati HR / = 334 Exampl N/ H
}E ()) Igl q% Iﬂ%\lg %% 031_1%1 oasoutlg of t egp% }Jétogf Ig%l (3H,
' E)?aﬁ‘\igle (401 (5G:iny, OHFLAWNGI} afd the product of Example 8 (60 mg,
0.17 mmol) in IPA (0.75 mL) was added DIEA (0.15 mL, 0.8 mmol). The
reaction mixture was stirred in a sealed tube at 130 degrees for 7 days.
Exampd 20Ftude mixture was concentrated and the residue was purified by
preparative HPLC and silica gel flash chromatography to yield an off
white solid (10 mg) that was contaminated with some silica. To this solid
wa lgd 0.5 mL HCOOH and the reaction was heated at 40C
verkh\%hvahen the acid was removed and -103 the residue was purified
pre arai¥¥ HPLC to afford the title compound (3.4 mg, 0.0057 mmol,
NIl NMR (300 MHz, CD30D) 5 1.00-1.30 (9H, m), 2.65-3.00 (2H,
.30-3.70 (5H, m), 4.24 (1H, m), 4.90-5.30 (1H, m, overlap with
CD30D), 7.15 5 (1H, m), 7.25-7.75 (8H, m), 7.90 (1H, m), 8.69 (2H, br):
HPLC/MS: MH+ = 596. Biological Examples Example A: In vitro Assay For
To Beterpinag Sinding examptilads 1Q Compounds tand A-4 AN MO, (15

assac){ was used to assess blndlng of candidate _ _ _ _
(1. mmo was added isonicotinyl chloride

N/b

mL)
HC1l salt (1.13g, 6.3 mmol). After 15 min, TLC showed no
starting material. The mixture was extracted between EtOAc and
sat. NaHCOs;. The aqueous layer was washed with EtOAc twice.
The combined organic layers were washed with sat. NaHCO; and
brine. It was dried over MgSO,; and filtered. The filtrate was
concentrated to give the title compound as a brown solid (1.3g,
4.3 mmol, 100% yield). 'H NMR (300 MHz, CDCls) & 1.20 (6H, t,
J=6.9 Hz), 3.60 (4 H, g, J = 6.9 Hz), 3.96 (3 H, s), 7.72

(24, d, J = 6.0 Hz), 7.75 (1H, bs), 8.80 (2H, 4, J = 6.0 Hz),
8.89 (1H, s); HPLC/MS: MH' = 302.

Example 38

To the product of Example 37 (100 mg, 0.33 mmol) in THF (1 mL)
was added KOtBu (1M in THF, 0.5 mL) slowly followed by EtI (40

0L, 0.5 mmol). The reaction mixture was stirred at rt
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compounds to 901 integrin. Compounds which bind in this assay can be
used to assess VCAM-1 levels in biological samples by conventional
assays (e.g., competitive assays). This assay is 15 sensitive to IC50
values as lo about 1nM..The activity of 941 integrin was measured by
Ve e eraction of SHIUBIE VEANL with Jarkat Seils (e.0. AmeHican Type
ma t€ultare.Colldction iNgs: T4BWH2, 48 158 1ane CRIc8 163 aEhGmanardeli -0 .
ThellNg W%@Qse%%%%esﬂghy'«%vﬂseg A1 iptegrn, 20 V%@"'&dﬁ@%@? W anic
the cell surface-in an 941 integrin- dependent fashion (Yednock, et al. J.
layBiot Gleema., W@95e P 701287 40) LRebombBinatsdlible MCAMIltwags dried
andSXRESSEL 23 Ahimeris; fisiop protein containiad s squan slragelbiarynoy
domains of 25 VCAM-1I on the N-terminus and the human IgG, heavy
83%¢hdih Tbnyrant FEgien 6h the CotefHimls THeWEAME2 Fision proteiMiag 300
muzMagdg@ng parified By igmapner degeribed by Yednoek, osupra. durkgs - 7 14
cells were grown in RPMI 1640 supplemented with 10% 30 fetal bovine
(2Hgerdm, Henidihf, stidptorydi andiglubiminetas? esélbedby Yetnbek, H2)
HPI8UMAE. Juikat cellswere incubated with 1.5 MM MnCI2 and 5 ug/mL 15/7
antibody for 30 minutes on ice. Mn+2 activates the -104 receptor to
enhance ligand binding, and 15/7 is a monoclonal antibody that
Exa@s0gnEes an activated/ligand occupied conformation of 901 integrin and
locks the molecule into this conformation thereby stabilizing the
VCAM-1/90i integrin 5 interaction. Yednock, et al., supra. Antibodies
sipaifagtothe 15/7 antibody have been prepared by other investigators
(Luqu}i et al, 1996, J. Biol. Chem. 271:11067) and may be used in this
ass%y.\Oélls were then incubated for 30 minutes at room 10 temperature

N7 ith idate compounds, in various concentrations
N | NT
o)

To the product of Example 38 (200 mg, 0.61 mmol) in DMF (4 mL)

was added EtSNa (66 mg, 0.79 mmol) and the reaction mixture was
heated at 100 C for 1 hr. LC/MS showed starting material still
present. Another portion of NaSEt (66 mg, 0.79 mmol) was added
and the reaction heated for another 2 hr. LC/MS showed product
only. DMF was removed under reduced pressure and H,O (10 mL)
was added followed by conc. HC1 (0.132 mL). Evaporating of the
solvent left a residue. It was dissolved in EtOH and filtered.
The filtrate was concentrated to to yield the title compound
(190 mg, 100%) that was used without further purification. 'H
NMR (300 MHz, CD3OD) & 1.24 (9H, m), 3.60 (4 H, m), 3.60-4.00

(2 H, br), 8.12 (3H, 4, 3 = 5.7 Hz), 8.92 (2H, d, J = 5.7 Hz);
HPLC/MS: MH' = 316.
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ranging from 66 pM to 0.01 pM using a standard 5-point serial dilution. 15
pL soluble recombinant VCAM-1 fusion protein was then added to Jurkat
cells and incubated for 30 minutes on ice. (Yednock et al., supra.). 15
Exa% H_s wWeke then washed two times and resuspended in PE- conjugated
—géatgl;(ag')z anti-mouse 1gG Fc (Immunotech, Westbrook, ME) at 1:200
and ingubated on ice, in the dark, for 30 minutes. Cells were washed
twice /é@d analyzed with a standard fluorescence activated cell sorter
("FACS") analysis 20 as described in Yednock, et al., supra. Compounds
N“ havi K450 of less than about 15jM possess binding affinity to a0l
@?ﬁn ested in this assay, each of the compounds prepared in the above
exafhples has or is expected to have an IC50 of 15 25 pM or less (or is
exp€cted to be active in vivo). Example B: In vitro Saturation Assay For
Determining Binding of Candidate Compounds to a4pl The following
describes an in vitro assay to determine the plasma levels needed for a

To &SiRpbandtsbe aEiTEAMPESG R imBAtal Autsiniigdd in POCls (3 mL)
at Encephalamyelifis{EAR ) model, [desceiped in the pext example arin; . ;e

other in vivo models. Log-growth Jurkat cells are washed and
wa srdsaspendedinlisintal &aimalpladma coptdining 20gg/Aslofend 18f7ed. The

resaRiROAY, 105 (descrbed in heahave example), theglurkat eglls ate;an i

diluted two-fold into either normal plasma samples containing known

layegndidatercormssurigiamotnts in Vafous EBREentiatiéns rarding froml66
conPMre, 0L M Using G5 standard 12 poitsenahdiiondor astandardo1, 68

curve, or into plasma samples obtained from the Eeripheral blood of
andcatifidatboEormpBund-tleatéd anintdls "C&RCare theR iAcUbated fdr'gertLon -

HpLAyuEes atiroamstemperature, washed twice with phosphate-buffered

saline
Example 41
/
N A\
NH
/\)N\/\ N\[r
N/lN ©
OH
1 Sy
N N o]

To a solution of the product of Example 40 (50 mg, 0.15 mmol)
and the product of Example 8 (60 mg, 0.17 mmol) in IPA (0.75
mL) was added DIEA (0.15 mL, 0.8 mmol). The reaction mixture
was stirred in a sealed tube at 130 degrees for 7 days. The
crude mixture was concentrated and the residue was purified by
preparative HPLC and silica gel flash chromatography to yield
an off white solid (10 mg) that was contaminated with some
silica. To this solid was added 0.5 mL HCOOH and the reaction

was heated at 40°C overnight. Then the acid was removed and
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10 ("PBS") containing 2% fetal bovine serum and 1mM each of calcium
chloride and magnesium chloride (assay medium) to remove unbound
15/7 antibody. The cells are then exposed to phycoerythrin-conjugated

goat F(ab")2 anti-mouse.lgG, F¢ (Immunotech, Westhrook, ME),. 15 whic
e o iy ob SRR L S IOy by borbaaton
titwith S9mseruml frobn thenaninfal 8pédiestheing 3tuthied, at 1:208RNA300 MHz,
oo, i5pbated inghe dagk gLAC far 30 minutes. ells are washed ticewith (o,
assay medium and resuspended 20 in the same. They are then analyzed
m) , with 24stdadardnfluores8éndce activatéd call soter'EACSFan&lysidtas 7-15

(1ndesgribed Ip Yednosk eggl. J, Biol;,Chem,,1993, 270228740, T he dgjg is

then graphed as fluorescence versus dose, e.g., in a normal
HPLggstEredffdnse fadkion. The dose levels that 25 result in the upper

plateau of the curve represent the levels needed to obtain efficacy in an

in vivo model. This assay may also be used to determine the plasma
Bioleyglscagedsdigpsatyrate the binding sites of other integrins, such as the

a9al integrin, which is the integrin most closely 30 related 901 (Palmer et _.
Exagplgod ) dfy BbtroPE589). EhPRRaHTie PRGiBIRAdnd Wi Gffglidate
Comp e Mififnh8tofyAohditions mediated by a9al integrin, including by way

of 406 lexar ki€ Cairga\? iy persrespefsivenesssard obdlusionthatfoceursiidate

compyii cArONIE astiyna; smaoth muscie gellproliteraiion.in BINRIOSClEOstS assay

vascular occlusion following angioplasty, fibrosis and glomerular scarring

canadg resqiflof feraf dReasd 2 ¥oric stefdsis, By getrd s 6Py nvvigt Les by

conReMbranes in, saeymatoid ectbri@%@&iﬂ%m@a&@@ scariing dhatssay is
occur with the grogression of ulcerative colitis and Crohn's disease.

sengdldrdfghp thée aboiretdestribedadéay may Be petf¥med with a human

colon carcinoma cell line, SW 480 (ATTC #CCL228)
The activity of osf; integrin was medsured by the

interaction of soluble VCAM-1 with Jurkat cells (e.g., American
Type Culture Collection Nos. TIB 152, TIB 153, and CRL 8163), a
human T-cell line which expresses high levels of o4f:1 integrin.
VCAM-1 interacts with the cell surface in an o4f; integrin-
dependent fashion (Yednock, et al. J. Biol. Chem., 1995,
270:28740) .

Recombinant soluble VCAM-1 was expressed as a chimeric
fusion protein containing the seven extracellular domains of
VCAM-1 on the N-terminus and the human IgG; heavy chain
constant region on the C-terminus. The VCAM-1 fusion protein
was made and purified by the manner described by Yednock,

supra.

Jurkat cells were grown in RPMI 1640 supplemented with 10%
fetal bovine serum, penicillin, streptomycin and glutamine as

described by Yednock, supra.

Jurkat cells were incubated with 1.5 mM MnCl, and 5 upg/mL

15/7 antibody for 30 minutes on ice. Mn'? activates the
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10 transfected with cDNA encoding a9 integrin (Yokosaki et al., 1994, J.
Biol. Chem., 269:26691), in place of the Jurkat cells, to measure the
binding of the a9al integrin. As a control, SW 480 cells which express

other a and pl subunits may be,used. Accordingly, er aspect of thi
ce R on & BB Aot T8 T Ehati k Jebdod i & ot o0fona1
antdﬂaWHaﬁdmpqﬂmﬂpMdfﬁdisgaseds:mmdd by@oad, ant_imm'i@rd _
co@8%%%%’??%%%@?@?&%&5‘99rEO SRld patient %tﬂsr%eir’é'%'iyeef{%%{%’ ®this
amount of a compound of this'invention. Such compounds are preferably
congehmiristersd inhee prarmadeuticalicompoditien Y0déstribef hereireaiyove.

intEfsctve dailydosing will depend upgpde age weight, condiionahthe o +he

patient which factors can be readily ascertained by the attending clinician.
15/Howevéb s praferrdetsmbbdintentsthecompdiidsiaree adiimsersd (Luque,

et from abpys 2040 50044g/kg per, day.725 Exgrple Gnlp ¥ivo Byaluation The th; s
standard multiple sclerosis model, Experimental Autoimmune (or Allergic)
aSSEKcephalomyelitis ("EAE"), was used to determine the effect of candidate

compounds to reduce motor impairment in rats or guinea pigs. Reduction

in MmGtot BoYRTairkiEHt is Bas&d 5F HIdcking’ ddAE<iont Batident ©O™
temletkagyies and t thecendotheliun apdwonielaies withvanti-nflammatesht rations

activity in the candidate comgound. This model has been previou

sl .
LanGdOFibEa By R8stelPetal Néﬁ?o%@&?fﬁgﬁe,Siﬁfﬁ%“—ﬁbéé?—‘ibg%n%e“al
dilneasures the delaysoflenset of disease nBrains/andispinal earsts gfasitin was

Hartl inea pigs were homogenized in an equal yolume of . .
Ehe i GSHate- DTl Saings A oUa) vOTHE of Fredrifs complalgtes on iee-
(Yeadjoeantg108 mg Ssupewhacterium tuberculosis plus 10 ml Freund's

incomplete adjuvant) was added to the homogenate. The mixture was

emusifiet] by cieculating itaspeatediythioughsa 20dnlsysingeewith@ in PE-
con@%$§%®89383%“%E%@“E;OJHU%mﬁ%use IgG Fc (Immunotech,
Westbrook, ME) at 1:200 and incubated on ice, in the dark, for
30 minutes. Cells were washed twice and analyzed with a
standard fluorescence activated cell sorter ("FACS") analysis

as described in Yednock, et al., supra.

Compounds having an ICso of less than about 15uM possess

binding affinity to ogf;.

When tested in this assay, each of the compounds prepared
in the above examples has or is expected to have an ICsy of 15

LM or less (or is expected to be active in VvIivo).

Example B: In vitro Saturation Assay For Determining Binding
of Candidate Compounds to o4p;

The following describes an in vitro assay to determine the
plasma levels needed for a compound to be active in the
Experimental Autoimmune Encephalomyelitis ("EAE") model,

described in the next example, or in other in vivo models.

Log-growth Jurkat cells are washed and resuspended in

normal animal plasma containing 20 ug/ml of the 15/7 antibody
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Female Lewis rats (2-3 months old, 170-220 g) or Hartley 10 guinea pigs
(20 day old, 180-200 g) were anesthetized with isoflurane and three
injections of the emulsion, 0.1 ml each, were made in each flank. Motor

( deigncprali%rée tionns%iés seen ig a %%)xieri\tely 9 days. Candidate compound
treatment began on Bay\é, just before " 15 onset of symptoms.

Compounqgs were administered spbgutanepysly (6SE"), &E%"ye(i"é’ﬁ@rgrno rmal

intraperitoneally ("IP"). Doses were given in a range of 10mg/kg to 200
P 1 agigtkgs Bk ¥esfiiodays. DWiE typicaltosiHtefdEd-fo TO0RRY/KG SENA@tes 1n

var2®M9/kg PO AN 10 9, 100 mafkg 4P 20, AnkRody, GGH/3 agRingh 90t sing a
integrin (Keszthelyi et al., Neurology, 1996, 47:1053-1059), which delays

s tagégiset of RyAiptoRT was used Hsi® posifive 2oAfraP&iR haS WAjBEtedor into
plaSbeutaneously ai3 ma/lkg onDRay 8anddld. Body weaight apdimotol-andidate

impairment were measured daily. 25 Motor impairment was rated with the
COomRBRGLElfict ScEfe G hd change 1 tail weakness or paralysis 2

hindlimb weakness 3 hindlimb paralysis 30 4 moribund or dead A

candidate hpdutidh was cohéibisred activa’is FHRlbyed the Gisét of
temPEMAOMS: £.G.a pragiuced iclinical seorps nepgraatebthanst-erslowedne

b ight loss, dt trol. -108 Example D: Ast
("R abl AR cmeTen heitad by Go1 ey kS for o2

calexampleh avway dyperiresponsivenass and occkisionsthatl aseddsawith to

remchrgn{g: %sghm ) IE%O'LOI‘{\QQ% ggscribes an asthma 5 model which can be

Used tonstu}:ihr/1 e i vivs effects of the compounds of this invention for
us%ﬁ%”%%ﬂ%%a%@gﬁkhen exposed to phycoerythrin-conjugated
goat F(ab')., anti-mouse IgG Fc (Immunotech, Westbrook, ME),
which has been adsorbed for any non-specific cross-reactivity
by co-incubation with 5% serum from the animal species being
studied, at 1:200 and incubated in the dark at 4°C for 30

minutes.

Cells are washed twice with assay medium and resuspended
in the same. They are then analyzed with a standard
fluorescence activated cell sorter ("FACS") analysis as

described in Yednock et al. J. Biol. Chem., 1995, 270:28740.

The data is then graphed as fluorescence versus dose,
e.g., in a normal dose-response fashion. The dose levels that
result in the upper plateau of the curve represent the levels

needed to obtain efficacy in an in vivo model.

This assay may also be used to determine the plasma levels
needed to saturate the binding sites of other integrins, such
as the ogf; integrin, which is the integrin most closely
related oyf: (Palmer et al, 1993, J. Cell Bio., 123:1289).

Such binding is predictive of In VIVO utility for inflammatory

conditions mediated by oagPf; integrin, including by way of
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Following the procedures described by Abraham et al, J. Clin. Invest,
93:776-787 (1994) and Abraham et al, Am J. Respir Crit Care Med,
156:696-703 (1997), both of which are 10 incorporated by reference in
e enirety., compounds of Ihis invention. are formulated Infg an.aereso). o .
and aiministered to’ %%eep which are ﬁypersena ive {0 AScaris suum
witantigenonCompethds whictodedrease theeeary antigen-interced bronchial
acn{25B0A3E pRdlor blogkdhe Jale-phask ARy @ePoRse: 6 Gaddi AR
protective effect against antigen-induced late responses™and airway
f1ibyasersesponsivenessyAKRSY; a¥e toasidered todsel ldctiod ireig inctlebease,
aorfiRrsicehiespbich e sheundo developbolh ety Lafe bropchial
responses to inhaled Ascaris suum antigén are 20 used to study the
rhegifpay eficets ot id tandidhte ¢orhpolings: FolloRily ®picar andgsthsia occur
witof thedhasalpassageswithe 29 lidocaing..a ballgan cathgterds agvanced sease .
through one nostril into the lower esophagus. The animals are then
intubated withya eyffed endotacheal dube targugh she, othey nestrilithamed

. 25 flexible fiberoptic bronchoscope as a _guide. Pleural pressure is
Wlt@stﬁn&fé%%c%ﬂﬁﬁ& (6 ABFARKI 6641 AdrBSols¥eé Fstmifdiion #CCL228)
t rabelow) e genenatedNsingra: slisposable medicpt nebylizerdbatkprovides: .,
199an aeroso| with a_mass median aerodynamic diameter of 3.2 pm ask 11
determinetwith 36Gh-Andér2én 2asdade MipdtteF Thndbtizdrisat cells,
to epnnected tha dosimeter systerheonspslingnafeaysalenoidaalve apdarol, sw
ag0S0Urce of compressed air (Zo‘ggg. The ou&o;ﬁ of th§ nebulizer is (}j?irected q
into a p?as‘.’fic -pieec}é,pgﬁgsen% ot which & Contedtsd o 'the irImnsap\*fra oeryuse ’
port of a piston respiratar. . The solenoid -109 valve is activated for.1 .
o R s P SR o T R ored

to arer@é:livegbcfanf v€rr@f8501_)1ml and?'as@@ of 20 breaths/mihdter A5k NtL,
wh i%%dlams Qgggbqgatﬁlgggtg@gombg,lso}ggﬁg agn%c%t[@h method comprises

administering to said patient a therapeutically effective

eXx

amount of a compound of this invention. Such compounds are
preferably administered in a pharmaceutical composition
described herein above. Effective daily dosing will depend
upon the age, weight, condition of the patient which factors
can be readily ascertained by the attending clinician.
However, in a preferred embodiment, the compounds are

administered from about 20 to 500 upg/kg per day.

Example C: In vivo Evaluation

The standard multiple sclerosis model, Experimental
Autoimmune (or Allergic) Encephalomyelitis ("EAE"), was used to
determine the effect of candidate compounds to reduce motor
impairment in rats or guinea pigs. Reduction in motor
impairment is based on blocking adhesion between leukocytes and
the endothelium and correlates with anti-inflammatory activity
in the candidate compound. This model has been previously

described by Keszthelyi et al., Neurology, 1996, 47:1053-1059,
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5 To assess bronchial responsiveness, cumulative
concentration-response curves to carbachol can be generated according
to Abraham (1994). Bronchial biopsies can be taken prior to and following
the initig;[_j%ré o][-%rgat nent and_24 hours a%er anti%en challenge. Bronchial

andb%%gisés can be pre ormed 1 g&%?&na o Abraham (1994). An in vitro

adhgsign, study of alueolar macrpphages ganalge be REITIMEL 5 igs were

according to Abraham (1994), and a percentage of adhérent cells is
homeglenlamst Aetosel Ftiulationl18'A sofutivirsithe ttanbidafe cempdandne -

an BP3% sedivme bi?@@%ﬁ@agn%&\f‘dfié%é conegnuation Qfo%O.Iang/_ mL
is “prepared using the following procedure: A. Preparation of 0.5% Sodium

my CBRaficHatE T SaliRe Stocke Sotutioh2 21000 mb 20- figredient GeaRy 1900

admEreal Goncgpuation Sadiwmp 9 p%4 Bicarhepale; Salined:s, ad
100.0 g.s. ad 100% mL Procedure: 1. Add 0.5g sodium bicarbonate into
emug 956 rRE vBIInTetFie Ulaske 28 2 IAderapsistbRitHate 9RO AL Salirfe Brid Syringe

wi tsonicye it dissolvedido GESrtaaE0R:0 mb with-saliae and mix
thoroughly. B. Preparation of 30.0 mg/mL Candidate Compound: 10.0 mL
-110dngrediensvGram 4 £6.0(mk Finah Coxncendatiary Candidaty 0300Hhrtley
gui%%Q'EQgQL(zo day old, 180-200 g) were anesthetized with
isoflurane and three injections of the emulsion, 0.1 ml each,
were made in each flank. Motor impairment onset is seen in

approximately 9 days.

Candidate compound treatment began on Day 8, just before
onset of symptoms. Compounds were administered subcutaneously
("sSC"), orally ("PO") or intraperitoneally ("IP"). Doses were
given in a range of 10mg/kg to 200 mg/kg, bid, for five days,
with typical dosing of 10 to 100 mg/kg SC, 10 to 50 mg/kg PO,
and 10 to 100 mg/kg IP.

Antibody GG5/3 against oyf; integrin (Keszthelyi et al.,
Neurology, 1996, 47:1053-1059), which delays the onset of
symptoms, was used as a positive control and was injected

subcutaneously at 3 mg/kg on Day 8 and 11.

Body weight and motor impairment were measured daily.
Motor impairment was rated with the following clinical score:

no change

tail weakness or paralysis
hindlimb weakness

hindlimb paralysis
moribund or dead

D w N PO

A candidate compound was considered active if it delayed
the onset of symptoms, e.g., produced clinical scores no
greater than 2 or slowed body weight loss as compared to the

control.
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Compound 0.5% Sodium g.s. ad 10.0 mL g.s ad 100% Bicarbonate /
Saline Stock Solution Procedure: 1. Add 0.300 g of the candidate
compound into a 10.0 mL volumetric flask. 5 2. Add approximately 9.7 mL

f Q.5%. sodiym, bicar / saline stock solution. 3. Sonicate until the
Exafid:2 /bsodim hicarjenals . .
*at nc??date corr%oungd |sgcgo%npletely dissolved. 4. Q.S. to 10.0 mL with

0.5% sodidin bisarbonsteil salines Ilestoek selutign ane mix thafeughlynciude,
Using a conventional oral formulation, compounds of this invention would
Fory &Xafive fiv this B ad!. BRRTpIE BSANBGrafthRds! ASyrafitéjeeton, that
occassociated withriofiltratias ©fids inflameatery ells rig the teading ebstackes t hma
to_long-term aIIo%aft survival. Cell SLérface}%adhesion mole%uées facilitate

modgifoaitigeR réCdgnitiort i vitrd And May be tritiRl f48 9mbhoEyts ratfic in*©
comyivonbhe toflowirig describesiaomoftiel whieh tan becusethte studytie.in
Viv e{f?cts.of the.com oggga 2]9eosf tQieSanver}‘:}ioé‘ iB tg%con%ol ofeatllogia}ft T,

rejec%onc.mljhnegfo 8\% grproceblures are described i’ ﬁgae 3 o

C11iTransplantationo( 998} 63(6):6009206 andih Kora®takf al, Am J. Respir

cx1rapsplenialion (1998) 65(6) 3547858, foth pf whidh,arg, ingprporgted by
reference in their entirety. 25 Following the procedures escribed in Coito
incampKordradmale =eltdtratsoweighing @pprogimiatelyt200 - 260garedsedt this
invidPiIS, ogdel Lewis fatsarg used as the Jeciplents %E&a@&% dllagrafisy +o
from Lewis X Brown Norway rats. Hearts are transplanted into the
shegisdominahgraat vessels seingidtangarde Ascaris suum antigen.

Compounds which decrease the early antigen-induced bronchial
response and/or block the late-phase airway response, e.g.,
have a protective effect against antigen-induced late responses
and airway hyper-responsiveness (“AHR”), are considered to be
active in this model.

Allergic sheep which are shown to develop both early and
late bronchial responses to inhaled Ascaris suum antigen are
used to study the airway effects of the candidate compounds.
Following topical anesthesia of the nasal passages with 2%
lidocaine, a balloon catheter is advanced through one nostril
into the lower esophagus. The animals are then intubated with
a cuffed endotracheal tube through the other nostril with a
flexible fiberoptic bronchoscope as a guide.

Pleural pressure is estimated according to Abraham (1994).
Aerosols (see formulation below) are generated using a
disposable medical nebulizer that provides an aerosol with a
mass median aerodynamic diameter of 3.2 um as determined with
an Andersen cascade impactor. The nebulizer is connected to a
dosimeter system consisting of a solenoid wvalve and a source of
compressed air (20 psi). The output of the nebulizer is
directed into a plastic T-piece, one end of which is connected

to the inspiratory port of a piston respirator. The solenoid
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to the transplant recipient in a suitable pharmaceutical carrier for a 7-day

course of treatment starting the day of the engraftment. Doses range from
va1Q 1030, malkalday, Contro) redipisnts recelye g 5 pharmaceytical,

carrier only. The Fats are ‘euthanized and their cardiac arﬁog%fts are
insgnalyzed as desdrberfint@eita ang iIKeronr. .UsiAg copvértionae delivered at
v, fgmuiations, compounds of this inyeption wauld e active inghis raodel, g ;

10 EXAMPLE F: In vitro Saturation Assay For Determining Binding of
bicgahdidateeCompounds toadpl Theufotiowing desceibes @h-in vitro assay

to deternine the,plasmaslevels needed fora compound 19 bejagtive in the

Experimental Autoimmune Encephalomyelitis ("EAE") model, 15
congestribrbllin the AsRCEEMPIEFTLIA dtheCNIVE ifodels L &g gesahrated

accdrkateelisargyvashed andwspspended i, normgl apimal plasha be taken
containing 20 ug/ml of the 15/7 antibody (described in the above

PTigxarhple}The" Jdrkatéeis afecdiluted dd-fold b either ABARAl 209 24 hours

af tRlasmisameples containigg knownsandidatecompound amaunls iR reformed
various concentrations ranging from 66 pM to 0.01 jM, using a standard
accpr Yonft skfaldikfibATor(a &tndard curve, or into plasma samples

obtaipegfremithe peapberadhlood ofcandidate compound-tregiethes can

animals. 25 Cells are then incubated for 30 minutes at room temperature,
2150 aBRedfNiCe Wit pRosphate-BifeR A HRB2PPBSY Contatifly 204 fetaren tage

of bovineserumandslmi each-ofl galstum chloride and magnesium chloride
assay énediuT% o remove unbound 15/7 antibody. 30 The cells are then

Aer )?poosed%gnblhy é‘r?/rt’hrin-conjugated goat F(ab")2 anti-mouse IgG Fc

(Immunotech, AN estbradls MEhdidate compound in 0.5% sodium
bicarbonate/saline (w/v) at a concentration of 30.0 mg/mL is
prepared using the following procedure:

A. Preparation of 0.5% Sodium Bicarbonate / Saline Stock

Solution: 100.0 mL

Ingredient Gram / 100.0 mL Final
Concentration
Sodium 0.5 g 0.5%
Bicarbonate
Saline g.s. ad 100.0 g.s. ad 100%
mL
Procedure:
1. Add 0.5g sodium bicarbonate into a 100 mL volumetric
flask.
2. Add approximately 90.0 mL saline and sonicate until
dissolved.
3. Q.S. to 100.0 mL with saline and mix thoroughly.

B. Preparation of 30.0 mg/mL Candidate Compound: 10.0 mL
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which has been adsorbed for any non-specific cross-reactivity by
co-incubation with 5% serum from the animal species being -112 studied,
at 1: 200 and mcubated in the dark at 4C for 30 minutes. CeIIs are Washed
twieew feditm-gRg resuspenges

a 0
an
analysis as described in Yeédnaock etal J Biol Che
The cral i’ graphed 4sOit@scnce versus o%@ @ @g/ri“& normal
dosE<PBEUHEE fashion. By measuring the fluoresdence generated by test
samplestatdatious dilutionsd Osagainistithe Gtaridandocusve,adh&00%
co 1(Eémmbnrcef1aecoinp031d in the blood can be getermined. Compound

half fitelcarebé tdetermined, as well as the frequengy of dosing required to
mdistainilevels in the uppelr plateau of the curve, which represents the
levels needed to obtain efficacy in anin vivo 15 model. Example G:
Adjuvant-Induced Arthritis in Rats Adjuvant induced arthritis ("AIA") is an
Proaeichatenodel useful in the study of rheumatoid arthritis (RA), which is
1. indyged by injecting M. tukereulosisda the base ofthe tailf 20 Lewis rals.
vo1Beiween-1G-apdil5 days following injection, animals develop a severe,
2. Progeessiys-auhritiss Gengrally; campouings e destedforthel abiltyie /
salaltey Bindpaw swellingrand bone damage resulting from
3. adjpvantinddcedhedemeria ratsndoqueatitate e ivibitiorn: 2kyef bind v
di spaw-selling resulting from AIA, two phases of inflammation have been
4. defined; (Y)theqrimary and-seapnslary drjecteddind pavnhand (2) el ine
st osgcansianyt tiBinjected fhind paw,r wihighl generally begins developing about
Usielgven days &oni thea induction ©f inflanaroation incthedojected pdwrhis
invReductionwofu B the latter tyee ahinflamenatianeis an indication of

Example E: Allograft Model

Allograft rejection, associated with infiltration of
inflammatory cells, is the leading obstacle to long-term
allograft survival. Cell surface adhesion molecules facilitate
alloantigen recognition in vitro and may be critical for
lymphocyte traffic in vivo. The following describes a model
which can be used to study the in vivo effects of the compounds

of this invention in the control of allograft rejection.

The following procedures are described in Coito et al.,
Transplantation (1998) 65(6):699-706 and in Korom et al.,
Transplantation (1998) 65(6):854-859, both of which are

incorporated by reference in their entirety.

Following the procedures described in Coito and Korom, male
adult rats weighing approximately 200 - 250 g are used in this
model. Lewis rats are used as the recipients of cardiac
allografts from Lewis X Brown Norway rats. Hearts are
transplanted into the abdominal great vessels using standard

microvascular techniques.
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immunosuppressive activity. Cf. Chang, Arth. Rheum., 20, 1135-1141
(1977). -113 Using an animal model of RA, such as AIA, enables one to
study the cellular events involved in the early stages of the disease.

» P44 expression o macrophiages,and ymphocytes s Wpeguiated.
uring eear?y geverfopmento adjuvant b arthritis, whereas PAS
recexpressionns apgeglatectlatgranmthecdevefopmentof the disease. 7-day
cou?%§e§%§%¥@%9%%wgﬁgﬁg¥¥%ﬁ&“ﬁ%@T89 e%?”ﬁ%@egw %g@ ment. Doses
endothelium at the earliest stages of adjuvant arthritis could lead to
rangignificant &dvances 3ip the NMethddy used it theltreatmiant ©f PA. 19CEHere the

pha!PYGRUQN has been described with reference 1o varlous, sReEic ad ang their

preferred embodiments and techniques. However, it should be
cargiderstobbiatmany dafiafions dAe tedifickivns hay e nfadetwhirnd
Ko rkemaining within the spirit and scope of the invention. 15 References The

following publications, patents and patent applications, certain of which

Usiake citedhinthisapplicationas sURekscript suphers,arehergins invention
incorporated by reference in their entirety to the same extent as if each

woukdivitfudt 2B plblitatidn Fatdinbi patent application was specifically and

individually indicated to be incorporated by reference in its entirety. 1
EXAMBELHeFand Takadd; fairSpéanr 2bicm ApplisgtidoPubkdaiomibidp.Binding
of 83M806aeblSbmpgAuylst 80, @A 2 Elices, et al., Cell, 60:577-584

(1980} JSpringen Natwes 346425434 (1990} AOsheray, Cell, 628 mine the
(1990) 5 Vedder, et al., Surgery, 106:509 (1989) 30 6 Pretolani, et al., J.
plagys. 68?11%0%@95?% AbFEHER Sth1 LS. BfinAnbedS oF7rée

Expdf94ddntal Autoimmune Encephalomyelitis ("EAE") model,

described in the next example, or in other in vivo models.

Log-growth Jurkat cells are washed and resuspended in
normal animal plasma containing 20 upug/ml of the 15/7 antibody

(described in the above example).

The Jurkat cells are diluted two-fold into either normal
plasma samples containing known candidate compound amounts in
various concentrations ranging from 66 uM to 0.01 uM, using a
standard 12 point serial dilution for a standard curve, or into
plasma samples obtained from the peripheral blood of candidate

compound-treated animals.

Cells are then incubated for 30 minutes at room
temperature, washed twice with phosphate-buffered saline
("PBS") containing 2% fetal bovine serum and 1mM each of
calcium chloride and magnesium chloride (assay medium) to

remove unbound 15/7 antibody.

The cells are then exposed to phycoerythrin-conjugated
goat F(ab'), anti-mouse IgG Fc (Immunotech, Westbrook, ME),
which has been adsorbed for any non-specific cross-reactivity

by co-incubation with 5% serum from the animal species being
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8 Mulligan, et al., J. Immunology, 150:2407 (1993) 9 Cybulsky, et al.,

Science, 251:788 (1991) -114 10 Li, et al., Arterioscler. Thromb., 13:197

(1993) 11 Sasseville, et al., Am. J. Path., 144:27 (1994) 12 Yang, et al.,

Proc. Nat. Acad. Science (USA), 90:10494 (1993#‘%)13 Burkly, et al.,
stupibdtes 43520 (LogAY 1 BAFSA Leralt . €. ekt 263:1700%1 804
minl® &amann, et al., J. Immunology, 152:3238 (1994) 16 Yednock, et al.,

Nature, 356:63 (1992) 17 Baron, et al., J. Exp. Med., 177:57 (1993) 10 18
Celvan Bintherzdanrsseny etal. wih tmnausrodggwdd 7?20 (192 ddwanied in the

Dinther-Janssen, et al., Annals. Rheumatic Dis., 52:672 (1993) 20 Elices,
2 et 2 A8 (1608 18 O Podlu GRar 1 e prvene
act894448 (1e91) 22 Faut, et'dlATsdnsphnRrogeéd., 25:8k35@0983R3in Yednock

Okarhara, et al., Can. Res.,.54:323 ) 4 Paavonen, et al., Int. J.
et gh.,ﬂ?s:?de%gm el LA T

Schadendorf, et al., jl.OFSath., 170:429 (1993) 20
26 Bao, gLal, Diff.52:239 (1393) 27 laur ef Al BUishJ Cancer, gose,

d
68:862 (1993) 28 Kawaguchi, et al., Japanese J. Cancer Res., 83:1304
©.9(1992) 20 Regar, ettt s € SePRkht ol BFNR332, ISSUSFAPHIZ3I1996

£1ud230daternatipnal Patent Appl..Rublicaign Na, WO 96/01644 3L 1utions
Thorsett, et al., U.S. Patent No. 6,489,300, issued December 3, 2002 and

agaggfradh & af t &g apgieRt NoS /66492, 372 CikBliéd DeeBntber20c2092und in
the-ldbWhatisclaimedise rmined. Compound half life can be

determined, as well as the frequency of dosing required to
maintain levels in the upper plateau of the curve, which
represents the levels needed to obtain efficacy in an in vivo

model.

Example G: Adjuvant-Induced Arthritis in Rats
Adjuvant induced arthritis ("AIA") is an animal model

useful in the study of rheumatoid arthritis (RA), which is
induced by injecting M. tuberculosis in the base of the tail of
Lewis rats. Between 10 and 15 days following injection,

animals develop a severe, progressive arthritis.

Generally, compounds are tested for their ability to alter
hind paw swelling and bone damage resulting from
adjuvant-induced edema in rats. To quantitate the inhibition
of hind paw swelling resulting from AIA, two phases of
inflammation have been defined: (1) the primary and secondary
injected hind paw, and (2) the secondary uninjected hind paw,
which generally begins developing about eleven days from the
induction of inflammation in the injected paw. Reduction of
the latter type of inflammation is an indication of
immunosuppressive activity. Cf. Chang, Arth. Rheum., 20,

1135-1141 (1977).
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1. A compound of the formula: R p222Q 2\'~1249 (CH2)n~~R23
A-N C(O)R5 H or a pharmaceutically acceptable salt thereof wherein 5 A
is -H, optionally substituted aryl, optionally substituted heteroaryl or the

X D(RB erei carpon ato (Wh art of a
subs%tﬁéd)%ryl ogrlshﬁ gtlfﬂ?gc?qhe?ifro%ryl),%ﬁ, g_@ I%th the pr&\ﬁgo one to
s tutthat ﬁ@lmdyg@hanherv@sﬂoipmdlciz |$hld: NOQ2yhalbalgglorof the

dlst@gs%rouPCHQYR% \%QSE,%%Y 91§8¥ (%gepe denﬁyéogﬁﬁg%agé %iS_Ls

, N(R"2, or - OR' erein eac R™IsIn
up- @@mnlaﬂy@@bémmewsttéight%@rrﬂmmﬁ@@@@@lkyl cdptiohallyant

art%%sé'itged@{%@éﬁ%/' optionally sybstitytsq apyl, 88“‘%‘%391\){1%@@&*3%%@@9 in

heterocyclic or an optionally substituted heteroaryl, wherein optional

thesgisstiitioraedre Hafidehe,-¢1 saf§s, ~OC/ TChalRHAXMIIRY iS-hydrogeRiorctions

petRde X iselected from the group consistingaf Oxygen.sulfur,. CHRA and ¢
NR4, wherein R4 is -H, alkyl or substituted alkyl; 20 R3 is hydrogen, alkyl,

st agifisstifufted AIRYT CYel kY- StibStitGRELY cloalid)| Fary B substtifanaryrdvances

in heteroaryh substiited heteraaryl, heterpeyelic, or gubstituted
heterocyclic; or D, R3 and Z together form a heterocyclic or a substituted

25 hetereeyedis group nukensiesaid group senatainsch, Zorsk heteroatdomsirious
selected from 0, N, and S; or X, D and R3 together with the carbon atom

SPeEarfyifig B'nd %ttt &R optibRa Sibisitdted ARSI LR 6P optioraiy e 1t

should be understood that many variations and modifications may
be made while remaining within the spirit and scope of the

invention.
References

The following publications, patents and patent
applications, certain of which are cited in this application as
superscript numbers, are herein incorporated by reference in
their entirety to the same extent as if each individual
publication, patent or patent application was specifically and
individually indicated to be incorporated by reference in its

entirety.

1 Hemler and Takada, European Patent Application Publication
No. 330,506, published August 30, 1989

Elices, et al., Cell, 60:577-584 (1990)

Springer, Nature, 346:425-434 (1990)

Osborn, Cell, 62:3-6 (1990)

Vedder, et al., Surgery, 106:509 (1989)

Pretolani, et al., J. Exp. Med., 180:795 (1994)

Abraham, et al., J. Clin. Invest., 93:776 (1994)

Mulligan, et al., J. Immunology, 150:2407 (1993)

O© O I o U s w N

Cybulsky, et al., Science, 251:788 (1991)

-114-



10

15

20

25

10
11
12

13
14
15
16
17
18

19

20
21
22
23
24
25
26
27
28
29

30
31

substituted heterocyclic group, wherein said heterocyclic group 30
contains 1, 2, or 3 heteroatoms selected from O, N, and S; -116 R3 and
R4 together with the nitrogen atom bound to R4 and the carbon atom

bound to R3 form a heterocyclic or a sybstityted heter li ,
WhTein 510 GroUn oI 1 5 of 3 HEXeHALdmS Sblested om0, N,
and &3 5€R5 islseleeteddiom tRengrolip éonslistinglafariino,( stibstituted
aming, alkoxy, sybstituled alkqxy, cylaalkyloxy,; sybstit 90:10494
cyc oeﬂl%loxy, aryloxy and sUP;sN%;ufe(% ary(Fo'xy, a%é -OH;l<| %6 oran’
intege? $dm 1 to 4; 10 Q is a group of the formula V P 'zx,NYN,R6 OV

wherein G is an optionally supstituted aryl g@gpt'qrgaély) substituted
heteroaryl'5 or 6 membered ring containing 0to 3 nitrogens; and R6 is
-H Balgansulsstitaed alkyt, or-OH2CG0YR? 15.witerein’/RY is IGP4)10RS, or

-NHRS wherein R is alkyl, W%@%&}kyhﬁw 07 sybstituged aryl; R21,
R22, R23, and R24 are independently selected from the group consisting
of WRItBgEr -CAtC3alkyl, Yo P3alki? @ahfiShalbger) 20 2. A compound

acqording toclaim1, whereinB2 andR3 together withthie)nitrogen atom
bound to R2 and the carbon atom bound to R3 can form a heterocyclic or
a stiB&tithted- peterdeydic Yrous, ‘wherein daid gioup eoRtains 1,22, ‘47
25 heteyoatoms selected from O, N, and S; or, R3 and R4 together with
the nitroge_n atom bound to R4 and the carbon atom bound to R3 can

formPd hBErS&Thic OF a° §Gbtithle dHeterdty Bt roup HBRdin Saiyt S - #
grosip :containg 493)
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2, or 3 heteroatoms selected from 0O, N, and S. 30 -117 3. A compounds
according to claim 1 where R6 is hydrogen or substituted alkyl. 4. A
compound according to claim 3, where R6 is hydrogen 5 or alkyl
Wha%ubls%itlgfg iv¥fi1th o1amjsn,o, aminocarbonyl, C1-C4 alkoxy(C1- C4)
alkylamlnocar%onf/], hydroxy(C1-C4)alkylaminocarbonyl, or
aminoatkoxyatkoxyalkylf 5t Aecofspountbaccording to claim 1, which has
the 10 formula: NYN'R6 RAN I 0 R3 HJ,,.. R5 N R'Y~N,R2 0 wherein
R3 and R4, together with the carbon atpm nitrogen atom to which
they are bound respectively, are joi:ék 0 fgrm zafg aryl, 15 cycloalkenyl,
heteroaryl or heterocyclic group having,at QTSB Ive atoms in the aryl,
cycloalkenyl, heteroaryl or heter{@itljo g pd optionally containing or
additionally containing in the case Qf heteroaryl and heterocyclic groups 1
to 3 heteroatoms selected frénrbhe gr@l(@)tR)%sisting of oxygen, 20
nitrogen and sulfur, and whereitl the heteroaryl or heterocyclic group is
or Bopbhsayeliciand wherneyeackcaryt Qycloaliyl, cyetoatkenyl, heteroanyl or
heterocyclic group is optionally substituted, an any ring atom capable of
subZ%tifu%/io_n?,I Wit%ﬁtéosu%]g it%e%%ls% sstatlékétléaefgorﬁ ]Theogf%ﬁf)) %8r£si‘i§ting of
subalkyl; stbstititedeatkyl ralkoxy; shlestijutedmalkoxyX poyiRacylaminerein D is a
car‘i!‘é%c?‘é%%w%%”egﬁ acyloxy, aming, substituted ma{r%r%la@@'”s%bas”%yituted
amidino, thioamidino, aminoacyl, aminocarbonylamino,
heterocaryl), CH, N or O, with the proviso that if D is oxygen,

then 72 is not present;

7z is -H, -NO,, haloalkyl or the group -N(YR')R? wherein Y
is a covalent bond, -C(0)- or -SO,-, R!' is RY, N(R'),, or -ORY
wherein each RY is independently hydrogen, an optionally
substituted straight or branched C;-Cgalkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally
substituted heterocyclic or an optionally substituted
heteroaryl, wherein optional substitutions are halide, C;-C-
¢alkyl, -0C;-Cgalkyl and R? is hydrogen or R'';

X is selected from the group consisting of oxygen, sulfur,
CHR* and NR®, wherein R* is -H, alkyl or substituted alkyl;

R’ is hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted hetercaryl, heterocyclic, or substituted
heterocyclic; or

D, R’>and 2z together form a heterocyclic or a substituted
heterocyclic group, wherein said group contains 1, 2, or 3
heteroatoms selected from O, N, and S; or

X, D and R’ together with the carbon atom carrying D and X
form an optionally substituted carbocyclic or optionally
substituted heterocyclic group, wherein said heterocyclic group

contains 1, 2, or 3 heteroatoms selected from O, N, and S;
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-118 aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl,
aryloxy, substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano,
halogen, hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl,
guaniding, 5 guanidinosulfone, thiql, thioalkyl, substituted thioalkyl, 4
iyl St sty ey cibaleo] AL e ot dogiyr, & 2nd
thethivhetemanyl osubistituted thioRétéroanyla thiobeterogydlicssabstiuted
thi r Ij eroaryl, .substituted heteroaryl, heter ' ;
pIIONSIRIOGYEIIG, beteroany. . subst heteroaryl heterogyclie, .o 1,
=t é%bstitute§ heterocyé{% 10%y%=%a loxy, sugs%ﬁutsé% cyc%ba?kx}?ox%/?n aans
2, heterodrgloxy o stibstituteeilisstershrflofy, kbtetbcyelytbxy; substituted
hetesogyclyloxy xyearhonylamino, pxythiqcathanylaming, = 4 no,
0OS(0)2-alkyl, --OS (O)2-substituted alkyl, --OS (O)2-aryl, --
sub@S{OyZ-sdbstitifeel aryll. KO (0)RIReteidare G802 15 stbstittteldy Loxy,

supBeterearyl -QQ)2:heferpcyclic, -=Q3(0)2-substitted heterogyelicy 1 oxy, and

t
--0502--NRR where each R is independently hydrogen or alkyl,
~OHiNRS(0)2-alkyl, --NRS (0) 2- substituted alkyl, --NRS(O)2-aryl,
--NRS(9Q)3-sybstityted avhe *NRS()2-heterparyl, --NRS(O)2-substituted
heteroaryl, - 20 NRS(O)2-heterocyclic, --NRS(O)2-substituted
hetérdcycfic, 2 RIS ()2 -RR-AAGITUANR E(0)2--NR-substituted alkyl,
--NRS(O NR-aryl, --NRS(0O)2--NR-substituted aryl, --NRS(O)2--NR-
heteroad@NRS(O)z--NR-substituted heteroaryl, --NRS(O)2--
NR-hetegrocyclic, --NRS(O)2--NR-substituted heterocyclic where R 25 is
hydtoghi_or Mikps --N[S(0)--R']2 and --N[S(0)2--NR'12 where each R'is
independently selected from the group consisting of alkyl, substituted
alkyl, arylGsubstituted aryl, heteroaryl, substituted heteroaryl, heterocyclic
and substituted hetero,cgclic. 30 6. A compound accordin]g to claim 1 of
Wheﬁ%%%nﬁu%?-iTQOptl nally substituted aryl of optionally

substituted hetercaryl 5 or 6 membered ring containing 0 to 3

nitrogens; and R® is -H, alkyl, substituted alkyl, or —-CH,C (0)R’

wherein R’ is -OH, —OR8, or -NHR® wherein R® is alkyl,
substituted alkyl, aryl or substituted aryl;

R?', R??, R?’, and R?* are independently selected from the
group consisting of hydrogen, -C;-Csalkyl, -0C;-Csalkyl and
halogen.

2. A compound according to claim 1, wherein R? and R’
together with the nitrogen atom bound to R? and the carbon atom
bound to R’ can form a heterocyclic or a substituted
heterocyclic group, wherein said group contains 1, 2, or 3
heteroatoms selected from O, N, and S; or,

R’ and R* together with the nitrogen atom bound to R* and
the carbon atom bound to R® can form a heterocyclic or a
substituted heterocyclic group, wherein said group contains 1,

2, or 3 heteroatoms selected from O, N, and S.
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/\ NYNNR6 OOR3H~,,..R5 N HR2'N,YR1 0 where R2 and R3,
together with the nitrogen atom and carbon to which they are bound
respectively, are joined to form a cycloalkyl, cycloalkenyl or heterocyclic
aroup having.gt least 5 five aloms in.tne.cydlaaloy, ayaloalenylor, . gy ogen
heterocyclic groﬁp and optionally cor?tamlng or addi |onal?y containing i J
or thelcasettheddterbkydlic group 1 to 3 heteroatoms selected from the
group consisting of oxygen, nitrogen and sulfur, and wherein the
heterocyclic group is mono-cyclic; and 10 where each aryl, cycloalkyl,
cycloalkeryl cesteroaryl grchetedocyelic group istoptionally sabstituted, Tardrogen
or aMKYAY aterGapahle of substiytion, with, 13 substityents selected from.. . (¢, -
the group consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy,
Cs) atyly deylanmes thioedrbonyletiinsy 15 acyloy ‘ardiat L sgsstinited amine -
amia@iding,.alkylamiding, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl,
aryloxy, substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano,
halggen, hydsexylonitre, axe.saibaxyl 20 eycloalkyl, sybstituteds s the
cycloalkyl, guanidino, guanidinosulfone, thiol, thioalkyl, substituted
t OrfWiHaarkyl, thioaryl, substituted thioaryl, thiocycloalkyl, substituted
thiocycloalkyl, thioheteroaryl, substituted thioheteroaryl, thioheterocyclic,
substituted thioheterocyclic, heteroaryl, 25 subd heteroaryl,
heterocyclic, substituted heterocyclic, cycloalkyloxy\ substituted

cycloalkyloxy, heteroaryloxy, substitut var Reterocyclyloxy,
substituted Ré
\\N O
R3 | H///I,
N
_No O
Rly” "R?
wherein

R’ and RY, together with the carbon atom and nitrogen atom to
which they are bound respectively, are joined to form an aryl,
cycloalkenyl, hetercaryl or heterocyclic group having at least
five atoms in the aryl, cycloalkenyl, heterocaryl or
heterocyclic group and optionally containing or additionally
containing in the case of heterocaryl and heterocyclic groups 1
to 3 heteroatoms selected from the group consisting of oxygen,
nitrogen and sulfur, and wherein the heteroaryl or heterocyclic
group is mono-cyclic; and

where each aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group is optionally substituted, on any ring atom
capable of substitution, with 1-3 substituents selected from
the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoxy, acyl, acylamino, thiocarbonylamino,
acyloxy, amino, substituted amino, amidino, alkyl amidino,

thicamidino, aminoacyl, aminocarbonylamino,
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heterocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, - -120 OS
(O)2-alkyl, --OS (0)2-substituted alkyl, --OS (O)2-aryl, --
0S(0)2-substituted aryl, --OS (0)2-heteroaryl, --OS(0)2- substituted

heteraaryl, --0OS (0)2-heterocyclic, --OS(0)2- substituted heterocyclic,
o N R W Bt e G S Aty T thoger ar Ay Feuted
ary+NRS(Q)2-alkyl suRRE1(0) Re ubstititedvalk @l r v NRS(@) 2darylsubstituted
arviN -supstituted ar o S -heterparyl,. -- S(Q)2-substi

yﬁetg%(géﬁi- NQ%%%)Z g/tiergc%%icﬁgﬁlgs%%%-ﬁ%gﬁﬁfe? F%ét’erc?c%%ﬁé?g]l'
Cyclm$®)2--$\umfaw,utNRS®§Z-@iRkbitim@@@'aﬂ@ynovN RS(0)2- 10
guaNRAYL siNRSIQ)2-NRSubstifted anyl, - NRS(0)2--NRz hetgroah 1,

--NRS(O)2--NR-substituted heteroaryl, --NRS(0)2-- NR-heterocyclic,
thiojRE(0)21RRSGBEHGel heterbEyelictRhereyR Lisdh/drdgerparalkyt uted

thisNBxRIZ1and nNBE2=-NR' 12 where gach Reig indepandently 1,
selected from the group consisting of 15 alkyl, substituted alkyl, aryl,

thighssemited syl Retefolyl isubstitited hebeba K istéioey clicardoaryl,

subsuybstituted heteracyglic17. A eermpgunds accordingstoialaimrd ofthe rocyclic,
formula: N\/ )O1.NYN_R6 O Hi.. R5 R13HN 20 0 wherein R13is -H, or

CY Cthigrbtp CEY0) GRRS Wherefif RIZCIS ' bptiortally Sibistifited GikgrY -

subeRticnay suhstistesharyl ok pptinnaly-suksiityted heferoand greuR.«2b 8.

hetEr oty Iy Tony s ORged EEOny 1 Bmino . owy t R BaSTbony Lamine . -

0S (0),-alkyl, --0S(0),-substituted alkyl, --0S(0),-aryl, --

0S (0) ;—substituted aryl, --0S(0).,-heteroaryl, --0S(0),-

substituted hetercaryl, --0S(0),-heterocyclic, --0S(0),-

substituted heterocyclic, --0S0,--NRR where each R is

independently hydrogen or alkyl, —--NRS(O),-alkyl, —--NRS(O),-

substituted alkyl, --NRS(O).,-aryl, --NRS(O).-substituted aryl,

—--NRS (0) ,—~heterocaryl, --NRS(O),-substituted heteroaryl, --

NRS (O) ,—heterocyclic, --NRS(O),-substituted heterocyclic, --

NRS (0) ,--NR-alkyl, --NRS (0),--NR-substituted alkyl, —--NRS (0),—-

NR-aryl, --NRS(O),--NR-substituted aryl, —--NRS(O),--NR-

heteroaryl, —--NRS(O),--NR-substituted heteroaryl, —--NRS(O),—-

NR-heterocyclic, —--NRS(O),--NR-substituted heterocyclic where R

is hydrogen or alkyl, --N[S(O)--R'], and --N[S(0O),--NR'], where

each R' i1s independently selected from the group consisting of

alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl,

substituted hetercaryl, heterocyclic and substituted

heterocyclic.

6. A compound according to claim 1 of the formula:
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\i~R'02S O ~NJLN R5 N ST H O or a pharmaceutically acceptable salt
thereof, wherein R1 is selected from the group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted 5 cycloalkyl,
heterocyclic, substituted heterocyclic, heteroaryl_and substituted
heteroaryl. 9. A compounds according to clai here R6 is hydrogen
or substituted alkyl. 10 10. A compound accordingito claim 8, where R6 is
hydrogen or alkyl substituted with hydroxy, hmogem\a&r@ino,
aminocarbonyl, C1-C4 alkoxy(C1-C4 gminofarbonyl,
hydroxy(C1-C4)alkylaminocarbonyl, &: j oalkoxyalkoxyalkyl. 15 11. A
compound according to clai is -SO2-; and R1 is phenyl or a
5- or 6-membered heftoar
each of which is optionally 20 stbstitlited with halogen, hydroxy, C1-C6
alkoxy, C1-C6 alkyl, nitt®NJrifluoromethyl, amino, mono- or
di(Cl-CG)aIkyIamino,Ramina((Bl-CG)alkyl, C2-C6 acyl, C2-C6 acylamino,
whea@kamRine(Cl-1C6) acyie2hd2. Atompoundraccosding te claima dvhereb¥n to
s -SQ2-; and -122 R1 is pyridyl optionally substituted with halogen
b T Co T LT L oAy S, (haorbeicify, Bt iofio-
cycapai(ctCoYalkylamine amino(C rE€63alkyly CRiC6 @cyhilC2R€Ging at least

fiv%F%%%W%xf%agﬂgog§%§§§¥%$l, cycloalkenyl or heterocyclic

group and optionally containing or additionally containing in
the case the heterocyclic group 1 to 3 heterocatoms selected
from the group consisting of oxygen, nitrogen and sulfur, and
wherein the heterocyclic group is mono-cyclic; and

where each aryl, cycloalkyl, cycloalkenyl, heterocaryl or
heterocyclic group is optionally substituted, on any ring atom
capable of substitution, with 1-3 substituents selected from
the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoxy, acyl, acylamino, thiocarbonylamino,
acyloxy, amino, substituted amino, amidino, alkyl amidino,
thicamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted
aryl, aryloxy, substituted aryloxy, aryloxyaryl, substituted
aryloxyaryl, cyano, halogen, hydroxyl, nitro, oxo, carboxyl,
cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thiocalkyl, substituted thioalkyl,
thioaryl, substituted thiocaryl, thiocycloalkyl, substituted
thiocycloalkyl, thioheteroaryl, substituted thioheterocaryl,
thioheterocyclic, substituted thioheterocyclic, heterocaryl,
substituted hetercaryl, heterocyclic, substituted heterocyclic,
cycloalkyloxy, substituted cycloalkyloxy, heteroaryloxy,
substituted hetercaryloxy, heterocyclyloxy, substituted

heterocyclyloxy, oxycarbonylamino, oxythiocarbonylamino, --
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5 13. A compound according to claim 8, wherein Y is -SO2-; and R1 is
pyridyl optionally substituted with C1-C6 alkyl, hydroxy, halogen, C1-C6
alkoxy, nitro, trifluoromethyl, amino, or mono- 10 or di(C1-C6)alkylamino.

und cI im 1 LW |ch as.the fo 11
05 gji(i\l %%, ‘NO gé?/\?gfél or% arm%ceurtif accégtgﬁé saﬁyf
OS ( mmeenb\ﬁieremtad |@41-371-NH20EIHD12{£M1I@3;1@MME,1 c3aialy); 2and
subR | or - e 0)- or
b|s a%k dblgg%icte%ag%( XaryI Eé stltufe %%%ry?%%clﬁgafkyl so% t|tu2ted
Subwadalkﬁdhén@t@dg@wcé@ll@stltute@l%éter@ifi&l|®7H¢’eltér0%ﬂtyﬁt)rf§ub§tltuted
; ndaelereany andiR2.is hydrogen. alkyl, cycloalid. sybstitutedh cycloaliyl

cycloalkenyl substituted cycloalkenyl, 25 heterocycllc substituted
subgéteretyefic, substiuted Bk Canyt asubstituted AP OheteiblF igruted aryl,

—-ngupgbifutede hetergaryl. -12319s Asompopad accerding,iorelaim 19, ,

wherein R6 is hydrogen or substituted alkyl. 16. A compound accordlng to

NRS{|qin 152 Wiere WolisCh hydhGoefor afkyPsibstidied with-amfoycLlic, —-

Nrshydroxyymingcarbonyl 4164 alkex(ClG4datkamino earbonyl, Nrs (0) ,--

hydroxy(C1-C4)alkylamino carbonyl, or aminoalkoxyalkoxyalkyl.
NR- a%yl y( -NR S)O)y——NR subst%%uted aryl, X—NRg, y

——NR-
heteroaryl, --NRS(O),--NR-substituted heteroaryl, --NRS(O),--
NR-heterocyclic, —--NRS(O),--NR-substituted heterocyclic where R
is hydrogen or alkyl, --N[S(O)--R'], and --N[S(0),--NR'], where
each R' is independently selected from the group consisting of
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl,

substituted hetercaryl, heterocyclic and substituted

heterocyclic.

7. A compounds according to claim 1 of the formula:

N% %
R
O
Hy,

R5
R3HN

O
wherein R is -H, or the group —C(O)OR”’ wherein R*®" is an
optionally substituted alkyl, optionally substituted aryl or
optionally substituted heteroaryl group.

8. A compound according to claim 1 which has the formula
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17. A compound according to claim 14, where 10 101 is amino or mono-
or di(C1-C6)alkylamino; and R12 is -H, -NO2 or haloalkyl. 18. A
compound according to claim 14, wherein R11 is amino or mono- or
di(C1-C6)alkylamino; and 15 R12 is -N (YR1) R2;,where Y is -SO2- or

5- or 6-membered heteroaryl containing at least one nitrogen, each of
oy, NE1RE6 alkyl, C1-C6
, oromethyl, or mono- or
di(Cl-CG)aIkyIaming;@érgj R2 {§ hydggge 1-CGa@yI, or
C3-C7cycloalkyl. 19. Ac mpo naa to claim 14, wherein R1 is
30 C1-C4 alkyl option titipgd Wit halogen, hydroxy, C1-C6
alkoxy, amino, or mono or:dl(ClJ'CG)ayIamino or pyridyl or pyrimidinyl,
each of which is optlongmsntuted with halogen, hydroxy, C1-C3
-124 alkyl, C1-C3 alkoxy, amino, or mono- or di(C1- C4)alkylamino; and
or RZ@@ﬁymﬁteqaéﬁfa’lkﬂc@ﬁEBa@?@y@@dlpéylt’BQOe?\foonWﬁﬁm

r' accqding-tocclaim. Iwhich ig sglgoted, from the group consisingLfstituted
(S)-2-(2-(diethylamino)-5-(N-isopropylmethan-5-

al kydulferamidofpirintidinid Stanming)-8-@Yaimetil2-oxpip ot i tuted
cycdibydrojmidazef4,S-hlgridin-3-W)phenyhpropangicaGidicyclic, heteroaryl

and substituted heterocaryl.

9. A compounds according to claim 8, where R® is

hydrogen or substituted alkyl.

10. A compound according to claim 8, where Rg is hydrogen
or alkyl substituted with hydroxy, halogen, amino,
aminocarbonyl, Ci1-C4; alkoxy(C;-Cs)alkylaminocarbonyl,

hydroxy (C1-C4) alkylaminocarbonyl, or aminocalkoxyalkoxyalkyl.

11. A compound according to claim 8, where
Y is —-S0,-; and
R' is phenyl or a 5- or 6-membered heteroaryl group having at
least one nitrogen atom, each of which is optionally
substituted with halogen, hydroxy, C;-C¢ alkoxy, C;-C¢ alkyl,
nitro, trifluoromethyl, amino, mono- or di (C;-Cg)alkylamino,
amino (C1-Cg)alkyl, C,-C¢ acyl, C,-Cg acylamino, or amino (Ci-

Ce¢)acyl.

12. A compound according to claim 8, where

Y is -S0O,-; and
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(S)-2-(2-(diethylamino)-5-(N-isopropylacetamido)pyrimidin-4-

ylamino)-3-(4-(1-methyl-2-oxo-1,2-dihydroimidazo[4,5-b]pyridin- 3-yl)

phenyl)propanoic acid; (S)-tert-butyl

1 2-(benzylgxycarbonyl)-3-(4-(2-0x0-1,2- . _

S kb R S s SR B

Ces 21By(Hiethylahairo)Eemitropyrimidin-4eylamingromethyl, amino, mono- or

. 3-(4-(1- I-2-0x0-1,2-dihydroimida -blpyridin-3- _

di (gﬁe%ﬁ)%%%aﬁg?é%s)ég(%%gﬁl 86;8%{§P, )6.2 86 a)él/l, C2 C6

acy3afimathyl-84pyridinsGisufforyBihiazolidine-4-
carboxamido)-3-(4-(1-(2-(2-methoxyethylamino)-2-oxoethyl)-2-
ox0-1,2-dihydroimidazo[4,5-b]pyridin-3-yl)phenyl)propanoic acid;
(S)122-(dietyaraiAbY 58D 2 difhgorbethyhpyimidinherein

y 1Yamipg)-3-(4:{4-methyl-2-oxo-1,2-dihydroimidazo[4,5-b]pyridin- 3-yl)

. phenyl)propanoic acid; . .

R™ D3R S)-3-teRIbLRA 2 (R)B Stdiftetg- 3 (gyridin-3<s alkyl, hydroxy,

ha1Y§ulifonybthiazolidines4-carbaxamide)-3-oxepropydeheny)-2nino, or mono-
0x0-2,3-dihydroimidazo[4,5-blpyridin-1-yl)acetic acid; (S)-tert-butyl

or SL(R)5 Bt EYRBAPYridin-3-
ylsulfonyl)thiazolidine-4-carboxamido)-3-(4-(1-(2-(4-
nitrophenoxy)-2-oxoethyl)-2-oxo-1,2-dihydroimidazo[4,5- .
blpyridin-Sty iPRERtop& e, 125 (3) ted-bityt - Which has the

foranf(R)-5,5-dimethyl-3-(pyridin-3-
ylsulfonyl)thiazolidine-4-carboxamido)-3-(4-(2-axa-1,2-
dihydroimidazo[4,5-b]pyridin-3-yl)phenyl)pro

N\RG

5-dimethyl-3-(pyridin-3-yjsulfonyl)thia M
i zo[4\,ﬁfb]pyridin-3- yl)
O

carboxamido)-3-(4-(2-o§t1,2-dihydr D
phenyl)propanoic acigy
(S)-2-(5-(N-ethylisonigptinarpidd)yrimidin-4-ylamino)-3-(4-(2-
ox0-1,2-dihydroimidazoi45-bpyridin:3-yl)phenyl)propanoic
R12 0

or a pharmaceutically acceptable salt thereof, wherein

R'! is -H, -NH,, -NHC;-Csalkyl or -NC;-Csdialkyl; and

R'? is -H, -NO,, haloalkyl or —N(YRl)R2, where

Y is -C(0)- or -S0,—,

R' is alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heterocyclic,
substituted heterocyclic, heterocaryl or substituted
heterocaryl; and

R’ is hydrogen, alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl,
heterocyclic, substituted heterocyclic, substituted alkyl,
aryl, substituted aryl, heteroaryl, or substituted

heteroaryl.
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acid; (S)-3-(4-(1-(2-(2-(2-aminoethoxy)ethoxy) ethyl)-2-oxo-1,2-
dihydroimidazo[4,5-b]pyridin-3-yl)phenyl)-2-((R)-5,5-dimethyl-
3-(pyridin-3-ylsulfonyl)thiazolidine-4-carboxamido)propanoic acid; and

Pharmaceyticali aceeptable sals thereqf. 21, Aphamageutieal, go 4
composition coni%rismg a pcharmacgutlcally acceptable eXC|p|enI€and a
hydeorapourd accdrdingt td eldimd 1y 5 .22. A method for treating a disease
state caused or exacerbated at least in part by alpha 4 integrin-mediated
leukocyte binding in a patient, which method comprises administering an

effé(ﬁive mmmmpqma@@ramgbamim. 1_01_23.6!\/Ieﬂfmd of
hydGaim 22 yyhere ti‘es%"&étﬁ'{?ﬁl@&d'%%@H“%F}?é,'sHglﬁl% d s with
VvC nding In

. M-1. 24. Method of claim 22 wherein the a401. bi eraction
amifrE ripAibited i§ with fiBrdfettin C+196) 25. ThiemettstRagsiding to

hydClam @2 whereinsaid disease.-slats is an, autgimmunedisease state; 26,1 .
The method of claim 25 wherein treatment by the compound of claim 1
alleviates the inflammation and subsequent 5 tissue damage caused by

thejautoimmune feagtion. 4o The methed of glaim 22 whetein the disease
state is multiple sclerosis, meningitis, encephalitis, stroke, and other

R ofebfal BuMBST2BOThe dihdd oT A 52 WHBKEM the disease state is
rR'? smuitiple geleresis n29.cthexmethod according to Claim 22 wherein said
disease state is selected from the group consisting of asthma, adult
respiratory distress syndrome and acute leukocyte-mediated lung injury.
18. A compound according to claim 14, wherein

R is amino or mono- or di(Ci-Cg)alkylamino; and
R'” is -N(YR')R?; where
Y is -S0;- or -CO-;
R' is
C1-Cg alkyl optionally substituted with halogen,
hydroxy, Ci1-C¢ alkoxy, amino, or mono- or di (Ci-
Ce¢)alkylamino; or
phenyl or a 5- or 6-membered heterocaryl
containing at least one nitrogen, each of which is
optionally substituted with halogen, hydroxy, C;-Cg
alkyl, C;-C¢ alkoxy, C3-Cy; cycloalkyl, amino, nitro,
trifluoromethyl, or mono- or di(C;-Cg)alkylamino; and

R? is hydrogen, C;-Cgalkyl, or C;3;-Cycycloalkyl.

19. A compound according to claim 14, wherein
R' is
C1-C4 alkyl optionally substituted with halogen,
hydroxy, Ci-C¢ alkoxy, amino, or mono- or di (Ci-
C¢)alkylamino; or
pyridyl or pyrimidinyl, each of which is
optionally substituted with halogen, hydroxy, C;-Cs
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15 30. The method according to claim 29 wherein the disease state is
asthma. 31. The method according to Claim 22 wherein said disease
condition is rheumatoid arthritis. 32. The method according to Claim 22
wherein said disea state is an inflammatory disease conditio
selocted ok 26 Grbup ol Shi i of isthma BoRsesin, Hergic
conjunctivitis,a bptyd pewritis; uweitis, allergic rhinitis, ankylosing

spondylit 2p§8”%§fd%%%é%s; Vé?%[fgﬁﬁ%i?er'ér S%Q%%@gc %Sat%}‘{% :
lupus erythematosus, progressive systemic 25 sclerosis, polymyositis,
dermatomyositis, Wegner's granulomatosis, aortitis, sarcoidosis,

'ymﬁ‘PCy@pé?Q@lpotSHlP%é'c%ri%mﬁg pedcardifis, myocariits, CoNIESVE. + o g

heart failure, polyarteritis nodosa, hypersensitivity syndromes, allergy,
froRygereosinepkilic spadRiesy Churg-Strauss syndrome, 30 chronic

obstryctive pulmonary disease, hypersensitivity -127 pneumonitis, chronic
(S)égtﬁ/?h_eb%ﬁ(ﬁgﬂﬁ% ' ‘f@éﬁﬁi@‘&%%&ﬁ%%ﬁ%g ne failure, primary
v 1 shiligryrcirhasis p auioinaiunelaglastic anemia; chrariie petsistenthepatiis, 2 -
. and thyroiditis. 5 33. The methad of clai wherein the disease state is
R L I R G of QA 3 B T aie
is_ Chron's disease. 35. The method. of claim 2 ,Whereing"u disease _.
(5) St 18 5Tt Toh) Dbl dhCeHe8T S6 PFHe O 6P i 291 in 4~
yv1awherein the(diseasestaig is- 2Heetative, eoliish §drA phasmacduticalb ] pyridin-
3= rl(?)mggsiti Qco%%igion acgm&)pund according to claim 1 in combination
Ywith an 244 fhibitor.~ 15 387 Athethod for treating a disease state caused

(s 2 gassRated o legst in part by aloha # Integrn medated. ;5
dihydroimidazo[4, 5-b]lpyridin-3-yl)phenyl)propanoate;

(S)-tert-butyl 2-(2-(diethylamino)-5-nitropyrimidin-4-ylamino) -
3-(4-(l-methyl-2-oxo-1,2-dihydroimidazo[4, 5-b]lpyridin-3-
y1l)phenyl)propanoate;

(S)-2-((R)-5,5-dimethyl-3-(pyridin-3-ylsulfonyl)thiazolidine-4-
carboxamido) -3-(4-(1-(2- (2-methoxyethylamino)-2-oxoethyl) -2-
oxo-1,2-dihydroimidazo[4,5-b]pyridin-3-y1l)phenyl)propanoic

acid;

(S)-2-(2-(diethylamino) -5-(2,2,2-trifluorcethyl)pyrimidin-4-
ylamino)-3-(4- (l-methyl-2-oxo-1,2-dihydroimidazo[4,5-b]pyridin-
3-yl)phenyl)propanoic acid;

2-(3-(4-((S)-3-tert-butoxy-2-((R)-5,5-dimethyl-3- (pyridin-3-
ylsulfonyl)thiazolidine-4-carboxamido)-3-oxopropyl)phenyl)-2-
ox0-2,3-dihydroimidazo[4, 5-b]lpyridin-1-yl)acetic acid;
(S)-tert-butyl 2-((R)-5,5-dimethyl-3- (pyridin-3-
yvlsulfonyl)thiazolidine-4-carboxamido) -3-(4-(1-(2-(4-
nitrophenoxy)-2-oxoethyl)-2-oxo-1,2-dihydroimidazo[4, 5~
blpyridin-3-yl)phenyl)propanoate;
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leukocyte binding in a patient, which method comprises co- administration
of an effective amount of a compound according to Claim 1 and an
effective amount of an a44 inhibitor. 20 39. A method for treating
inflammation in a mammalian patient which inflammation is mediated by

(S) VERHL WS ethdd Fdomprisediashinistering Ry sditt patiént a

v1sRNasaceptical: compgsition £LORNAsNG. A Phgrmaceutically aeceptable
__excipient 25 and a pharmaceutically effective amount of a compound of
dthgﬁﬁyﬂ%gﬁ@%é4,5—b]pyr1d1n—3—yl)phenyl)propanoate;

(S)-tert-butyl 2-amino-3-(4-(2-oxo-1,2-dihydroimidazo[4,5-

blpyridin-3-yl)phenyl)propanoate;

(S)-2-((R)-5,5-dimethyl-3-(pyridin-3-ylsulfonyl)thiazolidine-4-
carboxamido) -3-(4-(2-oxo-1,2-dihydroimidazo[4, 5-b]pyridin-3-
yl)phenyl)propanoic acid;

(S)-2-(5-(N-ethylisonicotinamido)pyrimidin-4-ylamino)-3-(4-(2-
oxo-1,2-dihydroimidazo[4,5-b]pyridin-3-y1l)phenyl)propanoic

acid;

(S)-3-(4-(1-(2-(2- (2-aminoethoxy)ethoxy)ethyl)-2-oxo-1,2-
dihydroimidazo[4,5-b]pyridin-3-yl)phenyl)-2-((R)-5,5-dimethyl-
3-(pyridin-3-ylsulfonyl)thiazolidine-4-carboxamido) propanoic
acid;

and pharmaceutically acceptable salts thereof.

21. A pharmaceutical composition comprising a
pharmaceutically acceptable excipient and a compound according

to claims 1.

22. A method for treating a disease state caused or
exacerbated at least in part by alpha 4 integrin-mediated
leukocyte binding in a patient, which method comprises
administering an effective amount of a compound according to

Claim 1.

23. Method of claim 22 wherein the a4fl binding

interaction that is inhibited is with VCAM-1.

24. Method of claim 22 wherein the a4fl binding

interaction that is inhibited is with fibronectin.
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25. The method according to Claim 22 wherein said disease

state i1s an autoimmune disease state.

26. The method of claim 25 wherein treatment by the
compound of claim 1 alleviates the inflammation and subsequent

tissue damage caused by the autoimmune reaction.

27. The method of claim 22 wherein the disease state is
multiple sclerosis, meningitis, encephalitis, stroke, and other

cerebral traumas.

28. The method of claim 22 wherein the disease state is

multiple sclerosis.

29. The method according to Claim 22 wherein said disease
state is selected from the group consisting of asthma, adult
respiratory distress syndrome and acute leukocyte-mediated lung

injury.

30. The method according to claim 29 wherein the disease

state i1s asthma.

31. The method according to Claim 22 wherein said disease

condition is rheumatoid arthritis.

32. The method according to Claim 22 wherein said disease
state is an inflammatory disease condition selected from the
group consisting of erythema nodosum, allergic conjunctivitis,
optic neuritis, uveitis, allergic rhinitis, ankylosing
spondylitis, psoriatic arthritis, vasculitis, Reiter’s
syndrome, systemic lupus erythematosus, progressive systemic
sclerosis, polymyositis, dermatomyositis, Wegner’s
granulomatosis, aortitis, sarcoidosis, lymphocytopenia,
temporal arteritis, pericarditis, myocarditis, congestive heart
failure, polyarteritis nodosa, hypersensitivity syndromes,
allergy, hypereosinophilic syndromes, Churg-Strauss syndrome,

chronic obstructive pulmonary disease, hypersensitivity
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pneumonitis, chronic active hepatitis, interstitial cystitis,
autoimmune endocrine failure, primary biliary cirrhosis,
autoimmune aplastic anemia, chronic persistent hepatitis and

thyroiditis.

33. The method of claim 22 wherein the disease state is

Sjogren's disease.

34. The method of claim 22 wherein the disease state is

Chron's disease.

35. The method of claim 22, wherein the disease state 1is

inflammatory bowel disease.

36. The method of claim 22, wherein the disease state 1is

ulcerative colitis.

37. A pharmaceutical composition comprising a compound

according to claim 1 in combination with an o4B; inhibitor.

38. A method for treating a disease state caused or
exacerbated at least in part by alpha 4 integrin-mediated
leukocyte binding in a patient, which method comprises co-

administration of an effective amount of a compound according

to Claim 1 and an effective amount of an o4B; inhibitor.

39. A method for treating inflammation in a mammalian
patient which inflammation is mediated by VLA-4, which method
comprises administering to said patient a pharmaceutical
composition comprising a pharmaceutically acceptable excipient
and a pharmaceutically effective amount of a compound of claim

1.
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