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[0002] This invention relates to compounds which inhibit leukocyte adhesion and, in
particular, leukocyte adhesion mediated by a4 integrins, where the a4 integrin is
10  preferably VLA-4. This invention also relates to pharmaceutical compositions comprising
such compounds as well as methods for treating, e.g., inflammation, using either the
compounds or the pharmaceutical compositions of this invention.
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40 State of the Art

[00051 VLA-4 (also referred to as a4B1 integrin and CD49d/CD29), first identified by
Hemler and Takada,’ is a member of the 1 integrin family of cell surface receptors, each

of which comprises two subunits, an ¢ chain and a B chain. VLA-4 contains an ¢4 chain

2
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and a 1 chain. There are at least nine Pl integrins, all sharing the same 1 chain and each
having a distinct o 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 non-matrix molecules that are expressed
by endothelial and other cells. These non-matrix molecules include VCAM-1, which is
expressed on cytokine-activated human umbilical vein endothelial cells in culture.

Distinct epitopes of VLA-4 are responsible for the fibronectin and VCAM-1 binding

activities and each activity has been shown to be inhibited independently.?

[0006] Intercellular adhesion mediated by VLA-4 and other cell surface receptors is
associated with a number of inflammatory responses. At the site of an injury or other
inflammatory stimulus, activated vascular endothelial cells express molecules that are
adhesive for leukocytes. The mechanics of leukocyte adhesion to endothelial cells
involves, in part, the recognition and binding of cell surface receptors on leukocytes to the
corresponding cell surface molecules on endothelial cells. Once bound, the leukocytes
migrate across the blood vessel wall to enter the injured site and release chemical
mediators to combat infection. For reviews of adhesion receptors of the immune system,

see, for example, Springer’ and Osborn.*

[0007] Inflammatory brain disorders, such as experimental autoimmune
encephalomyelitis (EAE), multiple sclerosis (MS) and meningitis, are examples of central
nervous system disorders in which the endothelium/leukocyte adhesion mechanism results
in destruction to otherwise healthy brain tissue. Large numbers of leukocytes migrate
across the blood brain barrier (BBB) in subjects with these inflammatory diseases. The
leukocytes release toxic mediators that cause extensive tissue damage resulting in

impaired nerve conduction and paralysis.

[0008] In other organ systems, tissue damage also occurs via an adhesion mechanism
resulting in migration or activation of leukocytes. For example, it has been shown that the
initial insult following myocardial ischemia to heart tissue can be further complicated by
leukocyte entry to the injured tissue causing still further insult (Vedder, et al.).” Other
inflammatory or medical conditions mediated by an adhesion mechanism include, by way
of example, asthma,5® Alzheimer's discase, atherosclerosis,” % AIDS dementia,'! |

12-14

diabetes'"? (including acute juvenile onset diabetes), inflammatory bowel disease!
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(including ulcerative colitis and Crohn's disease), multiple sclerosis, ~ ' rheumatoid

228 meningitis, encephalitis, stroke,

arthritis,w'21 tissue ’transplan’ca.i:ion,22 tumor metastasis,
and other cerebral traumas, nephritis, retinitis, atopic dermatitis, psoriasis, myocardial
ischemia and acute leukocyte-mediated lung injury such as that which occurs in adult

5  respiratory distress syndrome.

[0009] Substituted aminopyrimidines, as a class, have been disclosed as inhibiting
binding of VLA-4 to VCAM-1 and, accordingly, exhibit anti-inflammatory properties.’
While these compounds possess antagonist properties to such binding, enhanced

bioavailability of these compounds would augment their efficacy.

10 SUMMARY OF THE INVENTION

[0010] This invention provides compounds, pharmaceutically acceptable salts and esters
thereof, compositions thereof, syntheses thereof, and methods for treating VLA-4
mediated diseases. Based on in vivo data for those compounds of this invention, which
were so evaluated, these compounds are contemplated to exhibit enhanced bioavailability

15  when orally delivered as measured by conventional area under the curve (AUC) analysis.

[0011] In one embodiment, the present invention provides compounds of formula I:

N~ cooH
RN
g7 Rz
!l,
I
wherein:
20 R' is selected from the group consisting of C; to C4 alkyl and C; to C4 haloalkyl;

and
R? is selected from the group consisting of C; to C4 alkyl, Cy to Cs alkenyl, C; to
C4 alkynyl, and C3-Cs cycloalkyl;

or pharmaceutically acceptable salts, or esters thereof.
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[0012] Insome embodiments, R!is C; to C; alkyl. In other embodiments, R'is methyl
or trifluoromethyl. In still other embodiments, R! is methyl.

[0013] In some embodiments, R%is Cito C4 alkyl. In other embodiments, RZisCito C3
alkyl. In still other embodiments, R? is methyl, ethyl, isopropyl or n-propyl. In another

5  embodiment R? is methyl or ethyl, and in yet another embodiment, R? is isopropyl.

[0014] In some embodiments, R?is Cs to Cs cycloalkyl, In other embodiments, R%is

cyclopentyl.
[0015] Insome embodiments, R%is C, to C4 alkenyl. In other embodiments, R? s allyl.

[0016] In some embodiments, R? is C; to C4 alkynyl. In other embodiments, R?is
10  propargyl.

[0017] Examples of compounds of this invention include those having the R! and R?

- groups recited in Table 1 (including pharmaceutically acceptable salts, or esters thereof).

Table 1

Y A
X I@

H/j\N COCH

0 H
Rk%/”\ 2

0

trifluoromethyl ethyl
methyl isopropyl
methyl cyclopentyl
methyl methyl
methyl propargyl
methyl ethyl
methyl allyl
butyl ethyl

3-chloropropyl ethyl
3-chloropropyl methyl
3,3,3-

trifluoropropyl ethyl
propyl ethyl
isopropyl ethyl

15



29 Konradi, etal., PCT/USO0/01686, filed, January 21, 2000 [0004]Al'!
of the abggeo@biiseati ons are herein incorporated by reﬁvelrmsgamgmsy
their entirety to the sane extent as if each individual publication
was specifically and individually indicated to be incorporated by
reference inits entirety. 40 State of the Art [0005] VLA-4 (also
r ef er r ed0018] asnanéther erhbofimenta tic: pOE4OUinGHRON prévidesta ¢odepouinfl o€ trimypla
Heml er zﬁ]d Takada, 1l is a nenber of the f31 integrin famly of cell
surface ‘t'eceptors, each of which conprises two subunits, an a chain
and a f3 chain. VLA-4 contains an a4 chain and a (31 chain. There
are at least nine (31 integrins al | 'sharing sane 131 chain and
each having a distinct a Cek These ning rgceptors all bind a

di fferent conplenent of th ri X nol ecul es, such as
fibronectin, lamnin, and coli\a en. 4, dor exanple, binds to
fibronectin. VLA-4 aI so bin non-fatri x nol ecul es that are expressed
5 by endot helial and ot her v TRESe non-natrix nol ecul es include

VCAM 1, which is expressed n) cythoki ne-acti vated human unbilical vein
endothelial cells in cultdPe "Biestinct epi topes of VLA-4 are
responsible for the fibr oned!tl n and VCAM 1 binding activities and
each activity has been shown to be inhibited independently.?2

I

5 wherein:
R! is selected from the group consisting of C; to C4alkyl and C; to C4haloalkyl,
and .
R is selected from the group consisting of C; to C4 alkyl, C» to C4 alkenyl, C; to
C, alkynyl, and C3-Cg cycloalkyl;

10 or pharmaceutically acceptable salts, or esters thereof.

- [0019] In some embodiments, Rlis C; to C, alkyl. In other embodiments, R" is methyl
or trifluoromethyl. In still other embodiments, Rlis methyl.

[0020] Insome embodiments, R%isCito Cy alkyl. In other embodiments, R%is C;to Cs
alkyl. In still other embodiments, R? is methyl, ethyl, isopropy! or n-propyl. In another

15 embodiment R? is methyl or ethyl, and in yet another embodiment, R? is isopropyl.

[0021] In some embodiments, R%is C; to Cg cycloalkyl. In other embodiments, RZis

cyclopentyl.
[0022] Insome embodiments, R2is C, to C4 alkenyl. In other embodiments, R? is allyl.

[0023] In some embodiments, R? is C; to C4 alkynyl. In other embodiments, R? is
20  propargyl.

[0024] Examples of compounds of this invention include those having the R! and R

groups recited in Table 2 (including pharmaceutically acceptable salts, or esters thereof).



[ 00061 Intercellul ar adhesion nediated by VLA-4 and ot her cel

surface rpeepdosiesS 10 associated with a nunber of i nfpaiRbeHe2824
responses. At the site of an injury or other inflammatory stinul us,
activated vascul ar endothelial cells express nolecules that are
adhesive for | eukocytes. The nmechani cs of |eukocyte adhesion to

endot helial cells involves, in part Tabke recognition and bi ndi ng of
cell surface receptors on | eukocytes to the correspondi ng cel

surface nol ecul es on endothelial cells. Once bound, the | eukocytes 15
m grate across the bl ood vessel wall to ented;ibe injured site and

rel ease chem cal nedi at or s.AoycORbat #nif.e ~ For revi ews of
sek, for exanple, Springer3

adhesi on receptors of the ingﬁge Sys
and Gsbom 4 [ 0007] Inflannaq ryy br g ndi sorders, such as experinenta
nmul tiple sclerosis (MS) and

aut oi mune encephal onyeliti E)
meningitis, are exanples of scéntfal %8 nervous system disorders in
whi ch t he endotheliunileuw&éyﬂewadhesion nmechanismresults in
destruction to otherwi se hedlthy brain tissue. Large nunbers of

| eukocytes m grate across t e bl ood brain barrier (BBB) in subjects
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with these inflammatory disgeses—Tre TepguTytes Tjel ease toxic
nmedi at ors that cause extehﬁgﬁg—khs§%&—da¥a1cl.cauiting in inpaired
nerve conduction and par al YSrBEOIEER008 ?iwfotﬁﬂr organ systens,

ti ssue damage al so occurs
m gration or activation of s fisfla, it has been shown
that the initial insult fdtewhg nyocar dimgthylschdnia to heart tissue
can be further conplicated mgthyeukocyte ¢mtopargyd tlhe injured tissue
causing still further insulhethyedder, et [athyl. 5 OGlher inflammatory or
medi cal conditions nedi at ed,By AN adnesi ogpechantism i ncl ude, by way
30 of exanple, asthma," Al iﬂ”el'b dibec%ﬁbddtherosclerosis,9-1 Al DS
denentia, 11 di abetesl12-14 | ﬁfudi.@_abutc ﬁch;ie onset di abetes),

i nfl ammat ory bowel di seaselsIPTORIML; o S ativie colitis and
Crohn's di sease), multipl e ehlropeopyl g1 mef oid arthritis, 18- 21
ti ssue transpl antation, 22 [th8r met ast asil g4kP- 28 nMeningitis,
encephalitis, stroke, and |driflupropeapybral [traumas, |[nephritis,
retinitis, atopic dermatitfimopgsoriasis, |mhytardi g ischem a and
acute | eukocyte-nedi ated ||uggpropylury suchedslthat |which occurs in
adult 5 respiratory distress syndrone. [U00Y9] Substituted
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Bi i g B e B3 fhafy 0G0y RE RO EEOTHAAGY H07bh khony
ant i 5i nfrimmaraaies withirothe stopesof28is Whiehtort. hese conpounds possess

ant agoni st properties to such binding, enhanced bioavailability of
these cg\lwmdndﬂﬁm%ﬂﬁmma@wda@ for thf Edremnmds HOFUMVARYwelE ad thieir

| NVENTI [ 0010] This invention provides conpounds, pharnaceutically
accept atnhermagentically@ceantable saliseqresters B8pbsi t i ons t hereof, synt heses
thereof, and nethods for treating VLA-4 nedi ated di seases. Based on
in vivo data for those conmpounds of riissinvention, which were so
eval uated, these conpounds are contenplated to exhibit enhanced

mresulting in
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area under the.curvesuﬂwﬁy%analysis. [09§ﬁheln one enbodi nent, the

bioava[iabiiity t5—whemoratty defTvered—as Teasured by conventional

presen rsTof—tornutat—whererm
AN °\g’ - (8)-2-(2~(diethylamino)-5-(N-ethyl-1,1,1-
»H*n trifluoromethylsulfonamido)pyrimidin-4-
31 Ay ylamino)-3-(4-(pyrrolidine-1-
5('? O carbonyloxy)phenyl)propanoic acid
¢
o] .




20Rl

to G4 ha'WGhb&mhmﬁnd

Is selected fromthe group consisting of Cl
R2 is selected fromthe groupcgairsscSiobiass

to C4 al kyl

and Cl

of C to &4 alk C2to ™4 alkenyl, C to &4 al kynyl, and C3-C6
cycloal l cyl; or pharnaceutlcally acceptable salts, or esters thereof.
[0012] In sone enbodinents, Rl is Cl to C2 alkyl. In other
enbodi|nents, Rl js nmethyl or t#wnfluoromethyl. In still other
enbodi|nent s, Rl I:\ﬁ met h c&(‘)ﬂa | n| sor{8)- %-I@)MBWE’MIIO]:&-(NS Clto C4
al kyl .| I'n gt her efbodi s,oR2 i s d isopropAneettpsul fohamiio)pyirinaitiined-
enmbodi|mgoi 5, R2 YShnet ethyl, i sjoplamme)-30@-Myaobdive-1-1n anot her 5
enbodi|ment |R2 i ot ethyl, an cdr%ﬂ&%xy?ﬁ&iég@;?roﬁiﬁwéibdi@m R2
is isqpropyl . [(Q8d4] | o sonme enbodinents, R2is o C6 cycl oal kyl .
I n other enbodiméntls, R2 is cyclopentyl. [0015] In sonme enbodi nents,
R2 is [C2tg A atkenyt— T oth EMDOUTMENTS, RZ 15 al 1 yl.
[0016]| I n gorme efrbgdi ment s /s C2| to &4 ;
enbodi|nment g, R2 g10 pfop Oa\n’gyl [0057d(- 2%@6 o E:ﬂg{%;?%ultf);?ﬁnfo)
this i|n tli on iwthudg ThOse haV|ngt .
Tabl e 1\§( peeutically @ ‘F a Fl"g E"Poq%ip eﬁflzér adoﬂ:
theredf). T t ¥5¢ et hyl rrethyl i sopr opyl
met hyl '
(S)-2-(2-(diethylamino)-5-(N-
methylmethylsulfonamido)pyrimidin-4-
34 ylamino)-3-(4-(pyrrolidine-1-
carbonyloxy)phenyl)propanoic acid
(S)-2-(2-(diethylamino)-5-(N-(prop-2-
ynyl)methylsulfonamido)pyrimidin-4-ylamino)-
35 3-(4-(pyrrolidine-1-carbonyloxy)phenyl)-

propanoic acid

3-6

(S)-2-(2~(diethylamino)-5-(N-
ethylmethylsulfonamido)pyrimidin-4-ylamino)-
3-(4-(pyrrolidine-1-carbonyloxy)phenyl)-
propanoic acid

3-7

(S)-2-(5-(N-allylmethylsulfonamido)-2-
(diethylamino)pyrimidin-4-ylamino)-3-(4-
(pyrrolidine-1- carbonyloxy)phenyl)propanmc
acid

(S)-2-(2-(diethylamino)-5-(N-
ethylbutylsulfonamido)pyrimidin-4-ylamino)-3-
(4-(pyrrolidine-1-carbonyloxy)phenyl)-
propanoic acid




eye |lop entyl

met hyl net hyl net hyl

al 'yl butyl »8§#ik168- chl or opr opyl

trifluoropropyl ethyl propyl ethyl

propar gyl nethyl ethyl nethyl

et hyl 3-chl oropropyl mpehxis2cdr@e2824
| sopropyl ethyl

3-9

/\N/\

Ay
N\(kN H

CI\/\S'S.'N‘/ o

0 i

(S)-2-(5-(3-chloro-N-
ethylpropylsulfonamido)-2-(diethylamino)-
pyrimidin-4-ylamino)-3-(4-(pyrrolidine-1-
carbonyloxy)phenyl)propanoic acid

3-10

(S)-2-(5-(3-chloro-N-methylpropyl-
sulfonamido)-2-(diethylamino)pyrimidin-4-
ylamino)-3-(4-(pyrrolidine-1-
carbonyloxy)phenyl)propanoic acid

3-11

(8)-2-(2-(dicthylamino)-5-(N-ethyl-3,3,3-
trifluoropropylsulfonamido)-pyrimidin-4-
ylamino)-3-(4-(pyrrolidine-1-
carbonyloxy)phenyl)propanoic acid

3-12

(S)-2-(2-(diethylamino)-5-(N-
ethylpropylsulfonamido)pyrimidin-4-ylamino)-
3-(4-(pyrrolidine-1-carbonyloxy)phenyl)-
propanoic acid

3-13

AN TID
5
k%\N OH

Y

(S)-2-(2-(diethylamino)-5-(N-ethyl-2-
methylpropylsulfonamido)pyrimidin-4-
ylamino)-3-(4-(pyrrolidine-1-carbonyloxy)-
phenyl)propanoic acid

[0027] Inanother aspect, this invention provides pharmaceutical compositions

comprising a pharmaceutibally acceptable carrier and a therapeutically effective amount of

one or more of the compounds defined herein.

5 [0028]

In one of its method aspects, this invention is directed to a method for treating a

disease mediated at least in part by o4 integrin, preferably VLA-4, in a patient, which

method comprises administering a pharmaceutical composition comprising a

pharmaccutically acceptable carrier and a therapeutically effective amount of one or more

of the compounds of this invention.




15 [0018] In another enbodi nent, the present invention provides a

conmpound o 2hPgdes ! Swherein: Rl is selected fromtb@Tﬂmemmm
consisting of Cl to C4 allcyl and C1 to &4 hal oal kyl; and R2 is

selected fromthe group consisting of Cl to C4 alkyl, C to C4

al kenyl, C to &4 al kynyl, and C3-C6 cycl oal kyl ; 100r

p Egr (rjrac 40029 al le; cdtnpenhdsdng phahﬁmeuﬂ:cal es:hpuss%ﬂdﬂsef i inveftidhlAp ubefulsforre
enbodi nent s, is Cl t,oC2 I n.ot he odlnent nmet hyl
or trif IWP%@‘PWP 00114#1%‘%%‘?‘? 1{@? F ItQgINS W PI‘PFW“‘F mfegm
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enbodi nen is Clto . I'n st ot her enbodi ment
met hyI egemyple, astlzoprAdpléimor's dlspaso,pa}herosdﬁrmm dbﬁleatmaﬁabmm R is

met h r t.hyl nd i t d

[0025]  tireBithe senabrimie b oS ot meat R hasl fiepfoe (it

enbodi m%l'[ﬁe%atlvg%ohﬁs sHCCRREB didease), ARdZDlelsBlefR R riR BRI demliritis, R?subs 2
to C4 allcenyl. In other embodi ments, R2 is all yl 0023] In

some entieaspienetion, remeranetastasss, capningis gncephglitis ﬁ@keeﬁﬁﬁd& greestebralRo s

20 pr opay I o) f d
t hose hav gér{flgas’t[{?g%g Wkﬁi&%}%ﬁ geé@gsfp gt%Eﬂls(r%’ ng‘}agdléﬂgu ngpggrlldn%%w ©
phar mac égiikioc itk inyediated hinglihjeryssich o that whithercsurs ireadudf fespirai®y distress

2007/ 101165PCT/ US2007/ 062824 Table 2
10 syndrome,

[0030] Other discase conditions include, but are not limited to, inflammatory conditions
such as 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
15  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 pneumonitis, chronic active hepatitis, interstitial
cystitis, autoimmune endocrine failure, primary biliary cirrhosis, autoimmune aplastic

20 anemia, chronic persistent hepatitis and thyroiditis.

[0031] Tn one embodiment, the disease condition mediated by a4 integrin is an

‘inflammatory disease.
[0032] In another embodiment, the disease condition is an autoimmune disease.

[0033] In some embodiments, the disease is selected from asthma, multiple sclerosis and
25 inflammatory bowel disease. In other embodiments the disease is Crohn’s disease. In yet

other embodiments the disease is rheumatoid arthritis..

[0034] In another aspect, this invention provides a method for preparing a compound of

formula I

10



111 R2 trifluoronethyl ethyl nethyl isopropyl nethyl cyclopentyl

et hyl | “propargyl nmethyl ethyl nethyl all
T en! ompr b IR S0Ch ot o opy y vl all yechusorsszsy

AN J\

R’\%E,N\Rz "

(¢}

wherein:
R! is selected from the group consisting of C; to C4 alkyl and C; to C4 haloalkyl;

5 and
R? is selected from the group consisting of C to Cy alkyl, Cz to C4 alkenyl, Cs to
C4 alkynyl, and C3-Cs cycloalkyl;
or pharmaceutically acceptable salts, or esters thercof,
which method comprises:

10 a) contacting a compound of formula III

O
&

COOPyY

Ix

NO32

111

where Pg is a carboxyl protecting group;
with a C; to C4 aldehyde or ketone, a C; to Cy4 alkenyl aldehyde or ketone, C; to C4

15 alkynyl aldehyde or ketone, C3-Cs cycloalkyl ketone and benzaldehyde under reductive

amination conditions to provide for a compound of formula IV:

11



met hyl 3, 3, 3- trifluoropropyl ethyl propyl ethyl isopropyl ethyl

[ 0025] %‘29006} ta substitution of the pyrrolidinyl Cﬁéﬂgggﬂogmsn
group on eny 5ring are also within the scope of thi

i nvention. [0026] This invention also provides for the conpounds in
Table 3 as well as their pharnaceutically acceptable salts or esters

thereof. Table 3 Structure-~Naps 3-1 .

(S)-2-(2-(diethylam no)-54- et 111
trifluoromnethyl sul fonam do) Q
I-gr opanoi ¢ acid WO

yl am no) - 3- (4- (pyrrolidi ne- car ony oxy) pheny
2007/ 101165PCT/ US2007/ 06282 COOPg

NHR?

v

b) contacting compound IV with a sulfonyl halide of the formula R'S0,Z

where Z is halo under conditions to form a compound of formula V:

0
/\N/\ / )]\
P NG D
N7 N
|
k%\n COOPg
Q 2

NR
R1_§\s\<
5 (@
v
and
C) removing the carboxyl protecting group to provide for a compound of
formula I.

10 [0035] Inanother aspect, this invention provides 2 method for preparing a compound of

formula I
/\N/\
[ }OJL
COCH
"/N\Rz
o
I
wherein:
15 R!is selected from the group consisting of C; to C4 alkyl and C; to Cy4 haloalkyl;
and -

12



-2 LJNML | HO

S)-2-(2 vgg?@[., ggn no) - 5- (Ni sopr opyl net hyl sul f onam do) pyiaRrodh 2424
| am no) pyrrolldlne 1 - carbonyl oxy) phenyl ) propanoic acid 3-3
),yO O:LN i HV SN/ WO

(S)-2-(5-(N-cycl opentyl net hyl sul f onam do)

- 2- (di et hyl am?no3dwutédiirointhelgipupcbimisting of €, to Cy alkyl, Cy to o alkenyl Cto

rrolidine-1-carbonyl ox hen | - "
l(p)lf o e andC3-8;cycl>(/)2ﬂ% yl )propanoic acid 3-4 ."/". ../? 411 N

3
(
y
L

or pharmaceutically acceptable salts, or esters, thereof,
which method comprises:

5 a) contacting a compound of formula VI

Tl

COOPg

VI

where Pg is a carboxyl protecting group;

with an excess of R’S0,X to provide for a compound of formula VII:

PN Oj’\
A v
i@
%N COOPg
H
ROS” N\SOZR'
10
Vil
b) selectively removing a single -SO;R’ group from the compound of formula
VII to provide a compound of formula VIII:
PN i
X N
@
# " coorg
H
RO,S” M
15 VIl

c) contacting compound VIII with an alkylating agent with a formula R*X,

wherein X is halo, or with dimethylsulfate when R? is methyl, to form a compound of

formula IX:

13



ONNII /,SN "”0

(S) - 2- (244l g4 no) - 5- (Nret hyl et hyl sul f onami do) pyrpi/gkivofos2s24
yI an no) vg %@L’ pyrroll di ne-1- carbonyl oxy) phenyl ) propanoi ¢ acid 3-5
----2...-- N Nill....Nd11 TOH N %1 S-NO " 110

(S) 2- (2 (di ethyl am no) - 5- (N-(prop 2-

ynyOmet hyl sul f onam do) pyr| 4-yl a
3-(4-(pyrrolidine-1- carbonylo y)p eny gﬂq QilCc acid 3-6 .."--1
ST NITN4LL 1t OH o\ O

COOPg

NR2
R \\ e
\\

and
d) removing the carboxyl protecting group to provide for a compound of

5 formulal

DETAILED DESCRIPTION OF THE INVENTION

[0036] As stated above, this invention relates to compounds which inhibit leukocyte
adhesion and, in particular, leukocyte adhesion mediated at least in part by a4 integrins,
preferably VLA 4. However, prior to describing this invention in further detail, the

10 following terms will first be defined.

Definitions

[0037] Unless otherwise stated, the following terms used in the specification and claims

have the meanings given below:

[0038] As used herein and unless otherwise defined, "alkyl" refers to monovalent

15  straight and branched hydrocarbyl groups having from 1 to 4 carbon atoms and preferably
1 to 3 carbon atoms. This term is exemplified by groups such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl, and z-butyl.

'[0039] "Alkenyl" refers to straight or branched monovalent hydrocarbyl groups from 2
to 4 carbon atoms and preferably 2 to 3 carbon atomé and having at least 1 and preferably
20 1 site of vinyl (>*C=C<) unsaturation. Examples of such alkenyl groups include vinyl
(-CH=CH2)l, allyl (-CH,CH=CHy), n-propen-1-yl (-CH=CHCHy), n-buten-2-yl
(-CH;CH=CHCH3), and the like. Included within this term are the cis and #rans isomers

or mixtures of these isomers.

[0040] “Alkynyl” refers to straight or branched monovalent hydrocarbyl groups having
14



S-N" 10

(S) - 2- ( 2-Woi2ebimplesi no) - 5- ( Net hyl net hyl sul f onani do) pyri mcdyus2do7yobzaa n
0)- 3-(4-(pyrrolidine-1-carbonyl oxy)phenyl)- propanoic acid 3-7 -Th j
=C0 (S)-2-(5-(N-allyl nmet hyl sul f onam do) - 2-

(di et hyl am no) pyri m di n-4-yl am no) - 3- (4- i

(pyr r ol ifsma-e 4cariosjorasgndpreferably 8 pah etrbor gfoms and having ¢4 lsast 1 adg N

resditi p\(‘l:fepabw\!l ite of acetylenic -C=C- unsaturation. Examples of such alkynyl groups
include acetylenyl (-C=CH), propargyl (-CH,C=CH), n-propyn-1-yl (-CH=CHCH3), and
the like.

5 [0041] "Halo" or "halogen" refers to fluoro, chloro, bromo and iodo and preferably is

either fluoro or chloro,

[0042] "Haloalkyl" refers to alkyl groups having from 1 to 5 halo groups. Preferably,
such groups have from 1 to 3 halo groups and 1 to 2 carbon atoms. Exemplary haloalkyl
groups include halomethyl (e.g., fluoromethyl), dihalomethyl (e.g., difluoromethyl),

10  trihalomethyl (e.g., trifluoromethyl), haloethyl (e.g. 2-chloroeth-1-yl), trihaloethyl (e.g.,
2,2,2-trifluoroeth-1-yl), halopropyl (e.g., 3-chloroprop-1-yl and trihalopropyl (e.g., 3,3,3-
- triflucroprop-1-yl).

[0043] ‘‘Pharmaceutically acceptable carrier” means a carrier that is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor

15 - otherwise undesirable, and includes a carrier that is acceptable for veterinary use as well as
human pharmaceutical use. “A pharmaceutically acceptable carrier” as used in the

‘specification and claims includes both one and more than one such carrier.

[0044] "Pharmaceutically acceptable salt" refers to salts which retain the biological
effectiveness and properties of the compounds of this invention and which are not

20  biologically or otherwise undesirable. In many cases, the compounds of this invention are
capable of forming acid and/or base salts by virtue of the presence of amino and/or

carboxyl groups or groups similar thereto.

[0045) Pharmaceutically-acceptable base addition salts can be prepared from inorganic
and organic bases. Salts derived from inorganic bases, include by way of example only,

25  sodium, potassium, lithium, ammonium, calcium, and magnesium salts. Salts derived from
organic bases include, but are not limited to, salts of primary, secondary, and tertiary
amines, such as alkyl amines, dialkyl amines, trialkyl amines, substituted alkyl amines,
di(substituted alkyl) amines, tri(substituted alkyl) amines, alkenyl amines, dialkenyl
amines, trialkenyl amines, substituted alkenyl amines, di(substituted alkenyl) amines,

30 tri(substituted alkenyl) amines, cycloalkyl amines, di(cycloalkyl) amines, tri(cycloalkyl)

. amines, substituted cycloalkyl amines, disubstituted cycloalkyl amine, trisubstituted

15
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(S)-2- ( 2-W@izB6 ek R NO) - 5- (Net hyl but yl sul f onani do) pyr %@*rn;séouy)omm
)-3- (4-(pyrrolidine-1-carbonyl oxy)phenyl) propan0| c acid WO

2007/ 101165PCT/ US2007/ 062824 3-9 _0.--N.. A rildrd r,----r-N
1/46 .N....... -0ci...."A 0O

( SZ | i g ?g@?ﬂmﬂ ﬁmeﬁsl&iyb&hkkmﬁwhﬂlllﬂst dl(wwidiﬂ@eﬂ?l) eotiireds htyi(@yloatkenyl)

A bony 15555 ORI ptaalieByLasrines dRgbuttitedexelgalisng agie, trisubstiuted
cycloalkenyl amines, aryl amines, diaryl amines, triaryl amines, heteroaryl amines,
diheteroaryl amines, triheteroaryl amines, heterocyclic amines, diheterocyclic amines,

5  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

10  heterocyclic or heteroaryl group.

[0046] Examples of suitable amines include, by way of example only, isopropylamine,
trimethyl amine, diethyl amine, tri(iso-propyl) amine, tri(n-propyl) amine, ethanolamine,
2-dimethylaminoethanol, tromethamine, lysine, arginine, histidine, caffeine, procaine,
hydrabamine, choline, betaine, ethylenediamine, glucosamine, N-alkylglucamines,

15  theobromine, purines, piperazine, piperidine, morpholine, N-ethylpiperidine, and the like.
It should also be understood that other carboxylic acid derivatives would be useful in the
practice of this invention, for examfle, carboxylic acid amides, including carboxamides,

lower alkyl carboxamides, dialkyl carboxamides, and the like.

[0047] Pharmaceutically acceptable acid addition salts may be prepared from inorganic
20  and organic acids. Salts derived from inorganic acids include hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts derived
from organic acids include acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic
acid, malic acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic

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

[0048] The term "pharmaceutically-acceptable cation” refers to the cation of a

pharmaceutically-acceptable salt,

[0049] 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
30  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

16



OH o
(S)-2-( 5-»66-2&@@{1?5'\* met hyl propyl sul f onami do) - 2- ( di et hy ba#hikedoR)Edssd d
I n-4- ylam no -(44yrrolidine-1- carbonyl oxy) phenyl ) propanoi ¢ acid
3-11 "N('" 9.4N 9 .N........ - FFFN OOHO
(S)-2-(2-(diethylanno)-5-(Nethyl-3,3, 3-
t Ir il UOFrﬁagﬁxﬁgw 1fil e P_ﬂgﬁaﬁ@hl'{siﬁﬁémsbid ithired- That is to say that each of the above

am no) - 3- (4- rroli -1- ' ' -
3//&' (N )2deﬁn' i.ons.( gljsx:ppstrqiize%l.nb%{a, l.ir.n.(i:tg%cg&glﬁ, %&Q&gﬂﬂu Fs).trit?l e na%lcgrggﬂsdarg 12

limited to -substituted aryl-(substituted aryl)-(substituted aryl).

[0050] “Treating” or “treatment” of a disease includes:

5 (1) preventing the disease, i.e., causing the clinical symptoms of the discase not to
develop in a mammal that may be exposed to or predisposed to the disease but does not
yet experience or display symptoms of the disease,

(2) inhibiting the discase, i.e., arresting or reducing the development of the discase
or its clinical symptoms, or

10 (3) relieving the disease, i.e., causing regression of the disease or its clinical

symptoms.

[0051] A “therapeutically effective amount” means the amount of a compound that,

when administered to a mammal for treating a diseasg, is sufficient to effect such

treatment for the disease. The “therapeutically effective amount” will vary depending on
15  the compound, the disease and its severity and the age, weight, etc., of the mammal to be

treated.

[0052] Integrins are a large family of homologous transmembrane linker proteins that
are the principal receptors on animal cells for binding most extracellular matrix proteins,
such as collagen, fibronectin, and laminin, The integrins are heterodimers comprised of an
20 o chainand a B chain. To date, twenty different integrin heterodimers, made from 9
different o subunits and 14 different B subunits, have been identified. The term “a 4
integrins” refers to the class of heterodimer, enzyme-linked cell-surface receptors that
contain the o 4 subunit paired with any of the { subunits. VLA-4 is an example of an 0.4
integrin, and is a heterodimer of the a 4 and B1 subunits, and is also referred to as a 4 f1

25  integrin.

Compound Preparation

[0053] The compounds of this invention can be prepared from readily available starting
materials using the following general methods and procedures. It will be appreciated that
where typical or preferred process conditions (i.e., reaction temperatures, times, mole
30 ratios of reactants, solvents, pressures, etc.) are given, other process conditions can also be
17



OH o
(S) - 2- (2+{( 8L 1 N0) - 5- ( Net hyl propyl sul f onam do) pyr i gl I N
0) - 3-(4£{'€)yrr§rﬂ|1§€1ne- 1 -carbonyl oxy) phenyl)- propanoi Cﬁgg;:ugzogfn{%am
%?(. NN-LNNI OO0 . OOH (S)-2-(2-(diethyl am no)-5-(Nethyl-2-
net hyl propyl sul f onam do) pyri mi di n- 4-
%li)grzn7 ]n o?us&f ﬁxﬂ?sﬁ ytici-elsk dtarek: hI_Bpt&mhﬁ madctiony $enditivas yhaypraopevithitlee pestichlar
n anot her aspect, this invention provides pharna t,i.cal

comos ﬁ¢@$tfyﬁg}vp§$ gy Ristranettions g U deirmpiedinconekiled in sty

er apeyt : ' t of one or nore of the conpounds
def hned%&érel rﬁ%pg%%%% \bﬁon&g{r?lllégof Its method aspects, this invention
Is dire t 0, a1 f Oh LT ' ' . i ; st in
part by 054 ARG e 2L e 5Bl TS SEREE R, i BhicBEY
c(r)]rrp5-| s(psot_a@ﬁﬁlglrg'rsarsrmaygb?@hssamtoqmexienta:tertahnﬁuustimiabgoupmﬁomsmd' indergaing
pharmaceutically acceptable carrier and t her apeut.i cal | ff i
Drount - SRdead ScoRe NSRbleraGHHIR PSPt LIS FLRLT GRS OB The
coMPOLINGgi Ko 61 Brofetin Phtb g phfichl Sl SR lgrips atewell
useful for treating disease conditions nediated at |east in part by
a4 i nt egnbwa in tieerte Ronexamplemuagerovs protepting goaps re destribedin T eWe Gegene

adhesi on. | segse condiLtions iLnclu by. of -ex ma,
Al zhei népdgf ﬁ?‘s‘gﬁge, TOLeqIES SYCHRY ’6’3(?" ?nﬁ%@hﬁ‘§%¥?%4 E§1It1§ e egy’?&;‘

(1 nghudivigk a9l CariduéRidnces Sifsistherdinabet es) , inflammatory bowel di sease
(including ulcerative colitis and Crohn's disease), multiple

scl eros glﬁgsgj NGHIRE Rhdte b Ia{)ljnB{zllﬁldS off ﬁﬁ%v&ﬂtﬁﬂ&ﬁ'll&%ﬁi@ﬁﬂ@ébntéiﬂ B8 or more

nmet ast a meningitis, encephalitis, stroke, and other cerebral

t raumas ,chhélpieniets. Acooedinglys if desiredpgich camppundsicar be peapaied s dsolated as
nyocardi al i schem d £, k - ' i ni .
R

enriched mixtures. All such stereoisomers (and enriched mixtures) are included within the

15 scope of this invention, unless otherwise indicated. Pure stereoisomers (or enriched
mixtures) may be prepared using, for example, optically active starting materials or
stereoselective reagents well-known in the art. Alternatively, racemic mixtures of such
compounds can be separated using, for example, chiral column chromatography, chiral

resolving agents and the like.

20 [0056] Most compounds of this invention were named using ChemDraw v. 10.0,
(available from Cambridgesoft at 100 Cambridge Park Drive, Cambridge, MA 02140).

[0057] Inone embodiment, the compounds of this invention can be prepared as
described below in Scheme 1 where for illustrative purposes only, R! is methyl and R% is

isopropyl.
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[0030] Qther disease conditions include, but are not linted to,

i nf | ammatpg Yo@ARElss | ons such as erythema nodosum al | er 8&grus2007/062824
conjunctivitis, optic neuritis, uveitis, allergic rhinitis,

Ankyl osi ng spondylitis, psoriatic arthriti s, vasculitis, Reiter's
syndronme, systemc Iupus eryt hemat osus, progressive system' C
sclerosis, polynyositis, der nyositis, Wegner's 15granul omat ?ilf
aortitis, sarcqidosis, | openi a, tenporal arteritis,P N

pericardit1s,N c 'S, Jfcongestive heart FAINTT 2, 1tis
nodosa, hyp pjg nsi L s§ndr omegGHIC=er gy, h _é@ eosi ili@
syndr ones, uflg- § rauss syndrone, chronic obsjrugti pul nonary
di sease, hy RSI P&y Pneuzpiighd m&{aﬁonl C bepafitis,

cirrhosis, autoi mmune apl astic 20anem a, chronic sistentyhepatitis

and thyroiditis. [0031] In one enbodinent, the diseéas condi'tion

nmedi ated by a4 integrin is an mflammtory di sease. [0032] In another

enbodi ment, the disease condition is an autoi mmne di sle@8£&0.,0l, b@@ﬁ@]

In sone errbodl nments, the disease is selected from asthma, nulti pl e

sclerosis and 25 |nflarrmat ory bowel disease. In other ynbodi rren@he
i

interstitial ,\ﬁ_}gslt‘litis aut oi nmune endocri ne f ai IN%%prinary biliary

di sease i s Crohn's disease. In ot her enbodi nents the di seas
rheumatoid arfhritis. [Q034] Lgafother aspect ™ tits i
provi des a mBtHEd Y or @- ng a conpound of fgfmla
Rl is selecte hom rRa._gT ouP consi sting of CthBNC4

C4 hal oal | cyl'j andf R2 is selecﬁd‘f‘ﬁﬂhtheg

to 4 al kyl, &ré‘w cahcenyl, C2 to C4 al kyﬂg €3

cycl oal kyl ; % hadmaceuti cal | y accept abl g4.ga+ ‘SN est ers thereof,

whi ch rretHggd— sed:4 10a)contacting a corrpogn f forpyla 11 NO2

| whar ei n:
I_k _and Cl to

Scheme 1

where Pg is a carboxyl protecting group such as benzyl, t-butyl, and the like.
[0058] Scheme 1 is particulatly useful in the preparation of compounds where R? is alkyl

5  orcycloalkyl.

[0059] In Scheme 1, the starting 5-aminopyrimidine intermediates, compound 1.1, are
described in detail in US Patent No. US 7,026,328 B1 and, for the sake of illustration only,
are shown in this scheme as 4-substituted phenylalanine derivatives. It is understood, of
course, that 2- and 3-substituted phenylalanine derivatives would follow a similar reaction

10  pathway.

[0060] Specifically, in Scheme 1, 5-amino-2-diethylamino-4-substituted pyrimidine,
compound 1.1 {prepared from by corresponding 5-nitro-pyrimidine by reduction with 5%
Pd/C or 5% PtO, by weight) is reacted under conventioanl reductive amination conditions
with a slight excess of a C;-C4 aldehyde or ketone which is Scheme 1 is illustrated by

15 acetone. In Scheme 1, the 5-amino group of compound 1.1 forms an intermediate imine
(not shown) which is in situ reduced to the corresponding amine, compound 1.2, by
conventional reducing agents such as sodium cyanoborohydride, sodium borohydride,

hydrogen over a suitable catalyst such as PtO;, and the like. The reaction is conducted in a
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[I'l where Pg is a carboxyl protecting group; with aClto 4

al dehyde\@?zg@h@ﬂgs a C2 to &4 al kenyl al dehyde or ket oper/u€zoot/0628%4
15 all cynyl al dehyde or ketone, C3-C6 cycl oal kyl ketone and

benzal dehyde under reductive am nation conditions to provide for a
conmpound of formula I'V: |V b)contacting compound IV with a sul fonyl
hal i de afitdbieinbridiiubet sRiEEE rehyeirafuzn| methylene ehideide,cmddhe liknsTheo f or m

ar oup ¢ SEASHEY isqHsned ot SRpLeu BEC FUAEREN S0oE nb e GRaRpi s @bl "
aspect, chiihfetd ﬂur%ﬁttgqﬁ R?f&%hﬂ%ﬁﬂﬁn HEAR 0 thA6 HRLRD ATfoAGotmplaTRQTE Of

formula I “wherein: IS selected fromthe group consisting of Cl
to C4 alréactiomrihc cmnpq:un@dl sl reedvieyed: bynerventional methods including neutralization,

5  evaporation, extraction, precipitation, chromatography, filtration, and the like or,

alternatively, is employed in the next step without purification and/or isolation.

[0061] Conversion of the amine group in compound 1.2 to the corresponding
alkylsulfonylamido group, compound 1.3, proceeds via conventional methods. For
example, in one method, compound 1.2 is contacted with a slight excess of an

10  alkanesulfonyl halide, such as methanesulfonyl chloride, in the presence of a suitable base
such as triethylamine, diisopropylethylamine and the like in order to scavenge the acid
generated, The reaction is preferably conducted in a suitable inert solvent such as
tetrahydrofuran, dioxane, chloroform and the like. The reaction is preferably conducted at
from about -5° to -30°C and is continued until the reaction is substantially complete which

15  typically occurs in 0.5 to 16 hours. Upon completion of the reaction, compound 1.3 can
be recovered by conventional methods including neutralization, evaporation, extraction,
precipitation, chromatography, filtration, and the like or, alternatively, is employed in the

next step without purification and/or isolation.

[0062] Alkylsulfonyl halides are either known compounds or compounds that can be

20  prepared by conventon synthetic procedures. Such compounds are typically prepared
from the corresponding sulfonic acid, i.e., from the compounds of the formula R!-80;H
where R is as defined above, using phosphorus trichloride and phosphorus pentachloride.
The reaction is generally conducted by contacting the sulfonic acid with about 2 to 5 molar
equivalents of phosphorus trichloride or phosphorus pentachloride, either neat or in an

25  inert solvent, such as dichloromethane, at a temperature in the range of 0°C to about 80°C
for about 1 to about 48 hours to afford the sulfonyl chloride. Alternatively, the sulfonyl
chloride can be prepared from the corresponding thiol compound, i.e., from compounds of
the formula R*-SH where R! is as defined above, by treating the thiol with chlorine (Cl)

and water under conventional reaction conditions.

30 [0063] Examples of sulfonyl chlorides for use in this invention include, but are not

limited to, methanesulfonyl chloride, ethanesulfonyl chloride, 2-propanesulfonyl chloride,

20



R2 is selected fromthe group consisting of C1 to C4 alkyl, C to C4
al kenyl , wa@2009/1686@! kKynyl, and C3-C6 cycl oal kyl ; or phapowesiitoaabisy
acceptable salts, or esters, thereof; which nethod conprises:

5a) contacting a conpound of formula VI N112 VI where Pg is a
carboxyl protecting group; with an excess of R S02X to provide for a
conp Io und -bgf;arfewlfuﬂyhchlbﬁde, triifludrbinethanesulfoiyl shloside, 2,2,R4trifluonoeihagesulfonyl
single - I ' qroun fromthe conmpound of fornmula VII to provide a

ot | i b

cpgﬁoun(? oo 1&;VI |]|¢ c) contacting conpound VIII
Wi an a ating agent with a forpula R2- X _wherein X is halo, .
with di Wa6H1 FercamexyHAtREng gronapﬁé‘fq@p%dﬁé FrienTsmgemBY SAVEBTRA o

I X | %onditions to provide for compound 1.4, a compound of Formula I, In one embodiment, a
5  t-butyl protecting group can be removed by contact with formic acid. In another
embodiment, a benzyl protecting group can be removed by contact with hydrogen in the
presence of a palladium/carbon catalyst typically in a protic solvent such as methanol
under elevated hydrogen pressures. Upon completion of the reaction, compound 1.4 can
be recovered by conventional methods including neutralization, evaporation, extraction,

10  precipitation, chromatography, filtration, and the like.

[0065] In another embodiment, the compounds of this invention can be prepared as

described below in Scheme 2:

SN OTD MeSO,Cl, AN o\[rND

triathylaming Q
'\{*\N ° 0°C-RT NN
k‘l//‘LN OPQ I\|AH OPg
N 7O R1_§.N=§_R1 o
0
14 ‘ 15
K2CO4
methanol/THF
o
NN %-R2K,CO4 NS ©
HAH o-OPg — UL om
1
RigNoge - © RL .M T 0
LA S,
o0 K
1z oo 16
1. HCOJH, 70°C
2. INHc
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and d)renovi ng the carboxyl protecting group to provide for a
corrpounda@(f)éélt,ﬂf,m ka 1. DETAILED DESCRI PTI ON OF THE | NVEdFiuShdoh 062861

As state ove, this invention relates to conpounds which inhibit

| eukocyt e adhesion and, in particular, |eukocyte adhesion nedi ated at
| east in part by a4 int egrins, pref erably VLA 4. However, prior to
describing this invention in furthé&chemeai |, the 10 follow ng terns
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| eadp T PARaoR s GEAOSRY ST e by Pt e R B AR AP 8,
Exanpl egg ﬁ{eﬂﬁnﬁeﬁu@hmménw cwma re36hdede agaRiblé B:{syslsuéh mﬁla)hymm@ar gyl
(- CHCE , h-p CH3), and th 04 Hal.o
or "hal dg@@propséwbvé ming am Pbke HHOTERIIO SERVSRSS &Gﬁ Be éﬁ@fr@csmy
Is eith é roups
navi ng. 11 BRTCLHR oBqiE T A suble Blr ORURR B o B RO, Bl O 1"
to 3 ha|d€blﬁ$r0m9maﬁﬂ(thbrbﬁ)rﬁ and theolikeat Thereadior iyprafeyatip baradukiet agfrol:;nps
i ncl ude hal oneth

di f Hior GhewtyT to, Sor6eanc oot @Pn”@éﬂéff?actwqﬁl ‘pg{h%a&ﬁ?@ﬁ%&ﬁgﬁlpgﬁa‘f’%‘@ hyl
(€. 9. 240l A8k tn 0¥5lth 16iHoubR @SIr 80mpli&idh of the reaction, compound 1.5 can

be recovered by conventional methods including neutralization, evaporation, extraction,
precipitation, chromatography, filtration, and the like or, alternatively, is employed in the

next step without purification and/or isolation.

20 [0068] Selective removal of a single R!S0,- group from compound 1.5 proceeds under
" comnventional conditions. For example, reaction of compound 1.5 with base in a protic

solvent such as methanol, ethanol, or water, optionally in the presence of THF and the
like, ¢.g. a 1:1 mixture of methanol/tetrahydrofuran or 1:1 mixture of water
/tetrahydrofuran provides for compdund 1.6. The reaction mixture comprises an excess of

25  asuitable base such as potassium carbonate, sodium carbonate and the like and the
reaction is preferably maintained at elevated temperatures such 20° to 60°C. The reaction
is continued until substantially complete which typically occurs in 24-144 hours. Upon
completion of the reaction, compound 1.6 can be recovered by conventional methods
including neutralization, evaporation, extraction, precipitation, chromatography, filtration,

30  and the like or, alternatively, is employed in the next step without purification and/or

isolation.
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2,2,2-trifluoroeth-1-y1), halopropyl (e.g., 3-chloroprop-1-yl and
tri hal oprwogbor(i01@8s, 3,3, 3- .trifluoroprop-1-yl). [0043pCT/US2007/062824
"Pharmaceutically acceptable carrier” neans a carrier that is useful
in preparing a pharmaceutical conposition that is generally safe,
non-toxi c and neither biologically nor 15otherw se undesirable, and
i ncl uded086% arRdaetion dfxtoniuad d Spvab be eXasss ovfanalkyié;aﬁdm geiieﬂlsyl\salfate,aesl

human ph tical .use har mace ba Lrier

used | h EieEYCer Pl nef 674 RS PR B AR SRS RG o nan
one suchofbind?) prdceéitdinder ik ERidRel ddnditions ﬁﬁﬁr@ﬁid@%ﬁ:o’i@dimd nglems to
salts whic retaln t he bi ol ogi cal effectlveness and properties of the

corr]rpoundgacﬁﬁn!mlcﬁmm@éwd boniariéng coneponad Lbovish papbent 1.y to20
ar o Eapaatitegg 1t Ehld AR LR R G B FATRR A ReBnd, gy ET | o1

pr esenceénghylams ¢hdorddeckndrthe Hkdimdhié posenep of mbasgrsuulpas potassiva carberagd, 0.
[ 0045] PhaLnaceutlcah ékacceptable base additjon, salts, ca
¥

pr epar edristhplaminfogdht Ekatascayeanihe apukaeacrated uingdeaclion: P'Fbarwacﬂon is
i nor gani ?e[@l]%ﬂ?’sconﬂﬂ&!ed’g@ﬁaﬁ abB 200 t@é@@iﬂ? 195%1¥mu8@u§tﬂC{hé’f9acﬁon is

pot assi hium ammoni um cal ci um and magnesium salts. Salts
deri ved shbstantiatly aqmpletmwbmhﬁymtaﬂjmccimﬂn aud éo riéﬂlounsmUp@d completiah 0§ thef

AR e R S Pt Bt SN Rt S
di (' substyef,idieatiah, e¥hporatian) @ftradtioh (Fro8ipiidtion! a&oﬁhi@gka)phymmﬁon ahé aiey |

am nes, dial kenyl" am nes, trlalkenyl am nes, substituted al keny

ani nes, Idtﬂps,wlﬁsmatlmlﬁdsam@wﬂ)n ﬁmmétsstemtﬁqut@yuﬁgqtmwé@r lsalatlénw )
am nes, cycloal kyl am nes, di(cycloal kyl) am nes, tri(cycl oal kyl)
am nes, [80mH§t |’Eh¢toalzb0txybplowck¥$ graub 06 sompiunddsT istthereremoyed by cwmyicntional

t bst t ut | oal k
i (cyor GaRRURR P e 6 rebud H SahelAPp T FRBIEL, I R difgiment o
cycheal kapyl pritbdRg grélipSsHAteirbmb Pel 15y 6dneatt 1Wah Ybrnagiabid, Iﬁ ehépst i t ut ed

cycl oal kenyl "am nes,” aryl am nes, diaryl amnes, triar am nes,

het er oaregibodimenés bettzylenreteadng EroupFals removad by p@&wwvlﬁvﬁyﬁ’é%gen in the
het I

L e L v M

the am Redérdgevatdd gidespien picksares "s’pdnec:drepletﬁcsmmﬁthémeagtmu pompmmdsl 8 n@n of
al kyl, substituted al kyl, al kenyl gstltut d al kenyl cycloalkgn

subst i t beaeraygreddxicRyyentiopel Ia%thpféselﬁglp ing &sgtfq ZateRy SYSRATHIANK SFTACt
aryl20 h &ﬁ@ﬁ@éﬁ &LQBQ%%H%HQ&M@HPaﬁ&&n' jkke. Al'so included are

am nes TWo or e subsfituents, together with the anino

o o0 T T SRS o BB o o PRI e

t ri met hydesctibed ®elotli igtSeyiémant ne, tri (i so-propyl) am ne, trl(n propyl)
am ne, ethanol am ne, 2-di nethyl am noet hanol, tronetham ne, |ysine,

argi nine, histidine, caffeine, procaine, hydrabam ne, choline,
bet ai ne, et hyl enedi am ne, glucosam ne, N-allcylglucam nes, 15

t heobrom ne, purines, piperaziné, piperidine, norpholine,

N- et hyl pi peridine, and the like. It should al so be understood that

ot her carboxylic acid derivatives would be useful in the practice of
this invention, for exanple, carboxylic acid am des, including

car boxam des, |ower al kyl carboxam des, dial kyl carboxam des, and the
li ke.
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[0047] Pharnmaceutically acceptable acid addition salts nmay be

prepar ed WH3p37iapsgani ¢ 20 and organic acids. Salts der bté@ﬁlsﬁdo%tzsu

i norgani c aC|Js I ncl ude hydrochloric acid, hydrobrom c acid, sulfuric
acid, nitric acid, phosphoric acid, and the like. Salts derived from
organic aci ds include acetic acid, propionic acid, glycolic acid,
pyruvic acid, oxalic aC|d ic acid, malonic acid, su ni c aC|d

mal ei ¢ acid ~usaric Ngrtaric aC|d/\ HWic Aac 20|c aC|d
i @] hanes LIfK%IC

ci nnam c aci dJ\mand
oni c acid salicyli iq, and the Id 48]
opal | y-accep @,Q e catl N

25aci d, p-tolfuehe-

The term"pha afoggs to the cation of
a pharnmaceuticatly-acceptabl e smi [ 00 nit"is understood that in
all substituted graups defined her ei n, polyners arrimed at by

defining substituents with.further substitients to themsel ves (e.0.,

substituted aryl 30 havin substituted aryl group a substituent

vx/nichisi—t’?i”l‘\su 'cf‘“( with a substituted agyl ygpoup, etc.) are

not intend usPon herein. I ¥Gch c he maxi mum nunber

of such subgy\u nts is thregegThat ig~hp hat each of the above
s

definitions BorfS P ai ned bwjﬁ—trﬁltﬂlkb hat r, exanpl e,
substit ut & 5F¥L groupg are fnited tq{N subs?)?uteg aryl - (substituted
aryl)-(substrt ut ed aryi) [ 0050] "Treati™g" or "treatnent" of a

di sease includes: 5(1) preventing the disease,|i.e., causing the
clinical synptons of the disease not to devel gp RO mfdenal that may
be exposed to or predisposed to the di sease but does not yet
experience or display synptons of the disease, i nhibiting

t he disease, i.e., arrestin r reduci ng. the deyel epne of the

di sease or iASyCHN NI ons, or 10(3] rel
i.e., causin ,gegre f the disease PSNi T g I nical synptons.

[ 0051] A "t hér ageu |caIIy ef M&cTTve anou 2aps, t he amount of a
conmpound thaj, ncadm ni stered to a |8 for treating a di sease,
is sufficignd. Q0 effiget such treatneﬂ?‘f%r ®he di sease. The
therapeutic | | yReffective anount” will Sary degéhding on 15 the
conpound, the disease and its severity and the age, weight, etc., of
the mammal to be treated. [0052] Integrins are a large famly of
honol ogous transnmenbrane |inker piScheeeds that are the principal
receptors on aninal cells for binding nost extracellular matrix

pr ot ei nsyheseRhisas defihécbapove, Bg isramaﬂmxymrotmﬁng gioiip isuch aBHentzyls eloptylns

are heter prise 0,a.c chai n

Centy. anf the Girend R iR ARG e AR U oL pasis A CHE
subuni t%nﬁ&?ra%tﬁctf@dfté@ﬁeeiﬁﬁo%ﬁ) §ubun| ts, have been identified. The term
"a 4 integr refers to the class of het er odi mer, enzyne-|i nked

cel | zsur r WO HR or[,gﬁ;i) t

of tﬁe £§@ﬁgbulﬁrst%ﬁéﬁ%/ﬁA@g%ﬂﬁ%§ exan%P@mgqlﬂ%% a 4Hi|tatnetgg%ri nuﬁg%g ?@ya
het er odidesribed it betaib iUSRataRl NoUhiRe,328, B hardl, ifer tht sake oéflbstration anlpsra
4 131

shown in this scheme as 4-substituted phenylalanine derivatives. It is understood, of
course, that 2- and 3-substituted phenylalanine derivatives would follow a similar reaction

pathway.

10  [0073] Specifically, in Scheme 1, 5-amino-2-diethylamino-4-substituted pyrimidine,
compound 1.1 (prepared from by corresponding 5-nitro-pyrimidine by reduction with 5%
Pd/C or 5% PtO; by weight) is converted to the corresponding trifluoroacetamide,
compound 1.8, by conventional methods. For example, a slight excess of trifluoroacetic

anhydride is combined with compound 1.1 in a suitable inert diluent such as
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25i ntegrin. Conpound Preparation [0053] The conpounds of this

i nvent i ORy§agy7AG1RE epared fromreadily avail abl e starti pgTnstonrosss:
using the foll ow ng general nethods and procedures. It wll be
appreci ated that where typical or preferred process conditions (i.e
, reaction tenperatures, tinmes, nole 30 ratios of reactants,

sol vent $etrahyémﬁuam,snethylene chiondcg Ipyndupe,cﬂnldéhe ko CBereaadioniis inginéaineshet

ey var froge 4o e g0 7 it EhRlens soBlap B bEgHtaaRiER Bl "
condi ti QRgy§ a}i'th'aﬁaﬂikﬁt 65 P8 holis, VPN Tinpletitn bﬂtHef}@aoiAbh thy copbindel.8
optim zation procedures. [0054] Additionally, as wll be apparent to

t hos e s li$ teceverechby cmwantlonaé Bsthods mhahngnqyﬁréh@élonn@agw@u% %9“}9@:

nece r rev

becss - ot HEim QR AR, APl 0L SRS IR i
fUﬂCt I Oﬁh@kt@éﬂﬁﬁo@@uﬂﬁbdﬁo&&nﬂlﬂrﬁ@ﬂd@ncondl tions for protecting and
deprotecting particular functional groups are well known in the art.

For exanpygy THIRERIbh JTcohPolnd 8.835 CHelpris ndmgcm MN-trtflubroddétafidene
and G W ts, Protecti ngﬁgoups in Organlfbc Synt egls Second

Edi t i on pyvinidipe, cumpound Y& #gain pwreeds vip soaventionabischniquss. FREsxample, an
[0055] Furthe

Conta n B B TRpudd A AR BEHAASL Pl oD QUC8 ! £ hablclinde BIGA bk
co gnou gdg lmn ibthe Peepadest a(ijlrexbess lofit gulitebde ipuse sucht esrpemsmunmasboniatee i‘Iln das
i ndi vi dual enantioners or di astereone eai soner ensi che

mi xt ur e9ne smbodiment, spproggnatslydne e@HWB{CBﬁﬂ? i‘hZ‘cSP { 4§y18Ey C2, nﬁ?oél {er‘?‘('fff uded
W thin thedrdS§aes a‘&ﬁoﬁ N i gtf'e'atdnﬁgp g&ﬁl&lﬁ%@nd’iﬁbﬁi i sSRalcl dbitaineFand

Pure st &F eolsoner s or enr | c m Xt ur be prepared usin for
exanpl eis cpftinoed hptilald feaetion mrsubm@mﬂy eomplets w&hlclg typically eiceurs jn/&0-72

oo el oS e B ] ST S5O
chr qgat gﬂétﬁ@:minclﬁ&‘ih abut Analiv, RUaREATIS eRLtibR Grédipitatiod OcHrOkaOkraphs t

conmpounds hi's i ventlon wer e ‘nanmed_usi ng ChenDraw v, 10.0

(avai | alﬂl‘eatimlo andthetiike dgealismmatizelylisemplovisd inithe not Yemwithent pesfistiogge,

VA 02148'])[1 gg g I n one enbodi nent, the conpounds of this invention

can be gjﬂﬁ BFRE descri bed bel ow i n Schene 1 where for illustrative
Rl i.s nme and. S IS0

gg{)??igiggﬁéﬁ@éﬁgﬁeﬁ’@ oup 1si§ﬁ?1lr'e§10ve&) {9 ]Perde fc\)lr\'Qhe corresponding

amine, compound 1.10. In this embodiment, the trifluoroacetyl group acts as an amine

20  protecting group. As above, this reaction conventionally proceeds, for example, by
contacting compound 1.9 with a large excess of a suitable base such as potassium
carbonate in a mixture of water and a protic solvent such as methanol. The reaction is
conducted at elevated temperatures such as 40° to 60°C and is continued until the reaction
is substantially complete. Upon completion of the reaction, the compound 1.10 is

25  recovered by conventional methods including neutralization, gvaporation, e){traction,
precipitation, chromatography, filtration, and the like or, alternatively, is employed in the

next step without purification and/or isolation.

[0076] Next, conversion of the amine group in compound 1.10 to the corresponding
alkylsulfonylamido group, compound 1.11, proceeds via conventional methods. For
30 example, in one method, compound 1,10 is contacted with a slight excess of an

alkylsulfonyl halide in the presence of a suitable base such as triethylamine,
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1 OH3S0201, pyridine N CO2HO T NN CO2Pg F ON NFI3Cr r FI3c_rl1.4 0
Schene 1 wbeiE/ibtess a carboxyl protecting group such apchbeszooh/ne2s24
t-butyl, and the |ike. [ 00581 Schenme 1 is particularly useful in
t he preparation of conpounds where R2 is al kyl 5or cycloallcyl.
[0059] In Schene 1, the starting 5-am nopyrimdine internedi ates,
conpoundiiisorppyethylasng atsktlie like thearden toiscaviggzthe anid gaosrated. The 28cHos
Bl and, .for .t sak f,.illustratign pnl re,_sh LN this schene
ns - suiRPef s SRR R e o ool i R atuPart Highat
cour se, chi¥éfoAn add thedilel ikeirbattiofl isyrenydba) adtiducted af frymlaby@0°we BHC
follow a simlar reaction 10 pat hwaé.[l [ 0060] Specifically, in Schemne

1, 5- anishdipcoptinueduniilitheoreactionis sybsisntiel lypsampletgividch pieaby pecuts in 2-48

(prepar r Y. ' - Nj - DLy dl t '
556 o CTP 5o 5oL RAREA Re bR AT LG rUE R A Bt
Erri nat i &ﬁ/{i}btﬁ&f}d%dﬁdlﬁ(ﬁﬂg nedtidlizaticn, iegdpioraionesdraofiog pEcigitatiah tehinyrmatography,
et one ich is Schepe 1 is illystrated by,15 acetone..ln Sch .1,
the 5- aril##@iog wbt%sﬁlke eﬁﬂéf&mﬂxéixs ip mgoya% i} @Pﬁfé&ﬁpawh%wmﬁ%%ﬂ
shown) WhijePisobtibR Situ reduced to the corresponding am ne, conpound
1.2, by conventional reducing agents such as sodium cyanobor ohydri de,
sodi um e | I s Pt02,
and the N “THedBroolyhaReing ity B Blbbiblaq FELA DERem UL 1)
such(as cbatontibial rcofiditians torproviyié foreomipbond Hé2, sguinricdued bf Keemulihé In one
reaction is pmintained at from about O0C to abput 30C uptil the,
reacti Oﬁn}bgdggqyé,taapant& NrotectinmerapR CHNP ISMOYH g&F?Va‘gé’Eﬂ?éngGtaﬁ?% In
about O. : o | ty itk Q ad
12 oot o gHde, o VR BRARAAL pRiop tan bbfor Rty antak it AREY
Sevapor an therpresence efcx padadivp/earbgni cadalystypicallydnatpoefiagshvent sudhtasat i on,

dthe |i | i vely, | loyed in,th -
our i 11 canetbobiged el et prSuieT SRPerERites ot Bt RiiER, it
i N qeMPQUrah 1R rb@veRE B Uonesensl migthedsimtiading aBitraiFation, @vapiRation,

conpound 1.3, proceeds via conventional methods. For exanple, in one

net hod, estragitvnnpredipitation, ebiomesagsephys filiration) andike k& ess of an

[0078] The invention also also includes esters of the compounds of this invention. The
preparation of esters is illustrated in the various schemes described above, such as in
scheme 1, (compound 1.3), in scheme 2 (compound 1.7), and in scheme 3 (compound

20  1.11). Furthermore, Example 1 describes the preparation of (S)-4-(3-tert-butoxy-2-(2-
(diethylamino)-5-(N-isopropylmethylsulfonamido)-pyrimidin-4-ylamino)-3-
oxopropyl)phenyl pyrrolidine-1-carboxylate, and Example 4 describes the preparation of
(8)-4-(3-tert-butoxy-2-(2-(diethylamino)-5-(N-(prop-2-ynyl)methyl-
sulfonamido)pyrimidin-4-ylamino)-3-oxopropyl)phenyl pyrrolidine-1-carboxylate. Esters

25  ofthe acids of this invention can also be prepared from the acids by ways well known in
the art. For example, amino acid methyl esters can be prepared using the method of
Brenner and Huber, Helv. Chim. Acta 1953, 36, 1109,

Pharmaceutical Formulations

[0079] When employed as pharmaceuticals, the compounds of this invention are usually
30  administered in the form of pharmaceutical compositions. These compounds can be

administered by a variety of routes including oral, rectal, transdermal, subcutaneous,
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10 al | canesul fonyl halide, such as nethanesul fonyl chloride, in the
presence Wh 280 Fidifeab! € base such as triethyl am ne, PCT/US2007/062824
di i sopropyl ethyl am ne and the like in order to scavenge the acid
generated. The reaction is preferably conducted in a suitable inert
sol vent such as tetrahydrofuran, dioxane, chloroformand the |iKke.
The r eadhiro@noss, mtmﬁmsalﬂhly anobmthanasati ‘Hltesé cmnpcamduare—eﬁfecﬁve ai@tland i s

conti nued, un reactlon | bstantlall te which 1
SO Ca inietiabiz,nl BFal GS@BpYAE. RyCh SO BTl MEPRER 1es MRt | on.
conpoundmbwd ife 812 phArrh&AMEd) 8f aBY coR) Pﬁmtlléua%ne%hb@ esmpardudi ng
neutralization, evaporation, extraction, precipitation,
chr onat h

ol oyed Tl ﬁfem%*élk’%ﬁtﬁ‘%ﬂeﬂgb ingfiled e (B coBbbOAR IAEh Yonth®, ot
[ 0062] Abtmwingtddfant;wme knatnoaieef ﬁameompomdxs of Hoxmnule bikpahene sssomatedrmdu nds

t hat be 20 d het d
comoundbagiien AT GERES I BAR R B aRa s R e
aci d, i .g8ve mpRMnPR SAARPWMBLY with 5ﬂ“§(ci[ﬁéﬂﬂwﬂlﬁlté:@b}593é‘*c‘fﬁl&{t%r thlbs‘ﬁedas

deflned above,” using phosphorus trichloride and phosphor us
pent achlvathin euchmrmeara@hlplm nan be tyéh@ffm of a@@ﬁﬁd@ts@@leb;vawmr@&er ng the

sul foni ¢ ac h abo

trichlori HémSFWB O%X&P e% 1%%&1}]12% @h%ﬁf%égﬁleggpasd%ﬂ{s@%on to
i neny sdumpAisubjéets br Oﬂaeﬂm@ﬂxlnﬁilaﬂ Wﬁlﬁdmathecxcﬁpleﬂ seprpes atihient,incdntte a ange
of 0OC to about 80C for about 1 _to about 48 hours tQ afford tEl

sul f ony[solith|ssri-gelid, ar tigyid 2pgteraaly which acts a5 # yeliFlecoArdst Qangdiym fer the

pr epare nds
B S S N R S S A

t hi ol wilbdengds, sachets, c(aﬁhﬁ}:, eﬂmd*s,vw‘s;mnsmnsjemudswnsemluml Syﬂaﬁcaarosvls (as a
condi tion 30[ 0063 | es. of  sul fan) hl ori des for i n. t hi
vent | SRR AL RESRID, et neing, R eriESn PVt Sebishf bt
et hagesyhd vk ké@ﬁdcﬁ&aﬂ gﬂ@ﬁ&ﬁ%ﬂﬂﬁi&'c léls R ]b@ditbﬁés, sterile m]ectable

1- but anesul f onyl lofide, trifl uorone hanesul fonyl chl ori de,

2,2, 2- trsohmumﬂr,eeqlstanmbkagwpomdb@n de, and the |ike. [0064] The
carboxyl protecting group of conpound 1.3 is then renoved by

convent i[0081] dapdiphiiogs menﬂatmn (temfmbe mcqswrtd ntill 4he zctivo wpompoehdsid

F la |. | nh
Fermoved D530 ABPORTIF RREIRIH 826 B 10 FHRALIADHE N LRI PSR F10g,
prot ect 'aeg‘]g@%dﬁgibuﬁaﬁs KB staRIAIMEHsdbIE AP bRarily {sinilkd kP BaHILR IRRF less

presence | 'adi unf carbon catalyst typically in a protic solvent
sucB0as thant HWrmotshuAfithe activa/cameppung ds Hipstaninlbyswatersolublp dhe pastiple sizedn

of the react, on 1.4 ca 'l

et hods TAGH BT HEDL Pafing 1 PR e bR IRty PRRITG B e
preci pi tfgtanfations BigOsRiueg0 akl., filtration, and the like. [0065] In
anot her enbodi nent, the conpounds of this invention can be prepared

as descrpdy %n%:da&pﬁ%hﬁ@ﬁt%le excipiekid iHeRideBANGROMNKHDSsE, sucrose, sorbitol,

mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium

" 25  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

30 to provide quick, sustained or delayed release of the active ingredient after administration

to the patient by employing procedures known in the art.
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1. HCO2H, 70C 2. 1N HC Schene 2 where Rl and R2 is as defined
herei n;  RgohgorfofRsPoxyl protecting group and X is hal OPC&R@%]M]&-‘QM
Schene 2, the starting 5-am nopyrimdine internedi ates, conpound 1.1,
are described in detail in US Patent No. US 7,026, 328 B1 and, for the
sake of illustration only, 5 are shown in this schene as

4- subst i[00833d Adieinystatiembiithethpeuticedgents $>y mﬁadeﬁousrtﬁﬁnﬁlhﬁmdzs vadli lcmwnaﬁ,
that .2- and 3-substituted phenyl al ani ri vathpves woul d foQll oy

si m | ar thepharmaceuggalingiptry| 696@an95% 9 ptip shoyl sﬁﬁ@%ceztam qualities

5- am no-2y t:‘%%
(prepar e§1 g rhﬁp% lﬁ%%ds?aéé%% | ng Rﬁﬂg%@%@g%ﬂrﬁcﬂ ca%éﬁb re uct Pon wi th
5% 10 Pahkﬁnple ﬁn%fmzﬂﬂath;n sheilglprymbe theavm‘dﬂstuhlhty af thd: agiive ingrediss()f

SP esRIéhié fon u%agg.]rgoﬁﬂ@goas A h éhef On%qﬁeﬁ lfé) rﬁllpof thcies% fgggrs

di i sopr %@tb%@%ﬁ% a0 dvérhe sﬁdc%ﬁs dnEl u@éﬁ}iﬁksé &@qﬁ«meust foemalatioh,
generated. Thé reaction is preferabl y conducted in a suitable inert

sol vent [gog“é@ @H&ﬁc%,@éwﬂmdﬁ{v%e tha hfa ‘BQ‘?ncthe ?ﬁé}ﬁﬁaaﬁﬁsl fofihmafiGsyem
and the 'T1ke. e reactron 1s prefte con at from 15 about

-5 to 3@61n@nuhdss3f¢hﬂ1!rﬁmemvamtuoﬂ astfnﬁowwd:xtemtsn eﬂlsncslugiscmh prdplylene

conpl ete | ca occurs [n 0.5 ta rs..Upon ¢ |_et.i,on
of The. ebek SRR irS St riaecens sy LPRARY, SrinHblh an Sl b

et hods plré‘seﬁvuﬁmgba@yl 518bAdA SHnbBg] pRYRROHOpYIQarabel] hiffdrin@Agents: citric
preci pitation, chronmatograp tration, and the |ike or,

al ter natamdéao;hum @trewpp@iy@ulm i;ydtﬁgem@mat@tse@um hydmﬁenﬁﬂﬂﬁh etie on
d/
oroup 1 B DlinADacefle HASE hold ol ek £TM R RiarBesi AL Sphori

exanpl e ,acqumdssmm dihydmgaopmpﬂata phbsﬂhohaaadldmodwm bydrogaophospliats landil

as net hanal, ethanol opti.ona I n the presence of THF and
t he ||ké0n1@tsgm0§1ﬁfr8189ﬁﬁs&mmr@ﬁ die?‘ % ahydrofuran or 1:1

m xture of water /tetra@égrofuran provi des for conpound 1.6. The
readfi od0085kt Uihe presened efesbuffer maydisacesssay tomeinteinpheaqysaes i nthas

pot assi um car n r

is pref &FES ?rr?a Q%%@%%ﬁ@t@%@@%ﬁ%ﬁp@é&%@&lﬁ?u% %su?rﬁné%% gZ%%l}.omllhe
reactiom, I'IEheQﬂﬂ’et sr?smh isrgenbraﬂyhﬁhliaﬁire af dw]?aimqﬁdh gricka ydtulelb salyﬂlemfl?g,
occurs in_24-144 hours., Upon conpletion of the reac G ound 1.6
can be ﬁ@@é@é‘ﬁ@ﬁe@weBﬁﬂeﬂﬁﬂlﬁﬁﬁ’lnoi;?épﬁé’agwﬁ'ﬂ%‘} E?&ng“ii&ﬁcr %ﬂl‘?gﬁ‘a on,
evapor a r i on,

50 and PRaRyipE Rl Mok REtBh h5hloRth wERCTRbAROAR dkid ot

wi t BOut duwdrdgen@hospha’anahicbphaspbdm:taoniﬁdmoc{lmﬁ&l@}lrdgeaphmsphaﬁaf conmpound
1.6 with an excess of an al kyl halide, a dialkyl sulfate, an al kenyl
haI i de, [@086}! Kihelamduat blauffep sydcr yistdoig ldiydndet ond@) (hie.desiredpHR2nd (2)the

"hal i de conpound ) roceeds under cgnventignal c d|t| rov de
for comsgguat cradlye the gmauat eipiticr eyl s e Sg?ylsr@efﬂ 469 Pf]

conpoun | I|de
conpou n% ?fnp%er%t(ﬁg%{e?%@ @ﬁggio% 3 c éges} ?a%glg?sgfri]i g ,cx@%ﬁ%r 0 oerm(r)r(;;f thgtgﬁ??e ne
chl ori déngredictthee.4.j soeliim cittate prdeseieeid) bf forinalatios te maasaip atpibii then
G oot Ao P Beatalpa - 10 SR B BRRE: (BFwReks i ERgpALSS

dur

is used.

[0087] One useful buffer in the invention is sodium citrate/citric acid in the range of 5 to
50 mg per mL of sodium citrate to 1 to 15 mg per mL of citric acid, sufficient to maintain

an aqueous pH of 4-6 of the composition.

30 [0088] The buffer agent may also be present to prevent the precipitation of the drug

through soluble metal complex formation with dissolved metal ions, e.g., Ca, Mg, Fe, Al,
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preferably conducted at fromabout 20 to 60C and is continued until
the reacty@ryaofigpstantially conplete which typically petusmore28241
to 16 hours. Upon conpletion of the 10 reaction, conpound 1.6 can be
recovered by conventional nethods including neutralization,
evaporation, extraction, precipitation, chromatography, filtration,
and t he Baj Wwhichmayalcadr matof glabg/containarapt mpbet stoppetseorivepresentap opdindryut

purification apd/or isolation. [0070] The carboxyl, protectin roup
of conpdihbater. &‘?‘F gg%%@}ﬁyr@m%&;wf‘g%'ﬁ&gwp‘%gﬁﬁ ag%xgcﬁﬁ]ﬂ% #h(? Ug %ﬂdgr ovi de
for compaiide 4 sGubR RARRRMle:Oleading B3N8 plesehd? oTREd@NFaBipaRItulatd. 15
t-butyl “protecting group can be renoved by contact with form c acid.

I n anot ' , I tJ I HENGE BF 486
cont act qﬁﬁgﬁnﬁ{;gg‘igg%’ tlhﬁpﬁéﬁée&%ro gg‘éﬁ%@’f@%ﬁ%%ﬁﬁ% igg‘lrnbon cat al g%
t ypi Sal lof 1i&mg/mpl,ab ndjusiothe éomicityto theasmestahzernd] humad dloog ragabexgquired to

6.1 oCoREPEARy I HFBRAR HArHBREY A P R aby ST O B e ©27

evapor atf{;ﬂﬁﬂatf‘dﬁtIEe@cﬁﬁé RNundRAPILECE EMdtOIlch G5HAKBS eodiativs anldigobgibllyiten,
and the like. [00/71] In still another enbodi ment, the conpounds of
this i nwaesvciatad Weod dieondersphirgsnerat thrstonicity of thsdpammlptionsapiches that ofy\p

2007/ 101165PCT/ US2007/ 062824 | A . wher e
R is aima"é'fli%#é’g vgtggkllgm eﬁagg%o@@%%? “g?%‘?’g%?‘ﬁgm 6%%{%%0 as
benzyl , rﬁO&?ﬁ)‘kF', whidhdis ehgivhlielteto alcodiBtici piessmreabkyspondinigdnw 10,9% bdytig |
or phenyl al kyl'ene group having a CH2 noiety attached to the iodo
group. Sfeedipm chipridéhenme 1, the starting 5-am nopyrimi di ne

i nternmedi ates, conpound 1.1, are described in detail {n US Patent, No

7,026, 346098] &Fhe intravenpusfosmulation can beadmigistesed Bndiject Hl@veppRaFeion,

t hi h 4- LUt i necderivati Lt b
under st Qgabolgs ot 5} BE MepifFéhs® B MG BY RAHE! ol dpfiprialc nfuion
der i vat iggRSioneudhchsf 9% aodianshiotider infeetiar orouthgraompatible infusion solution.

15 [0091] The compositions are preferably formulated in an oral unit dosage form, each
dosage containing from about 1 to about 250 mg, more usually from about 5 to about 100
mg, for example 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

20 calculated to produce the desired therapeutic effect, in association with a suitable

pharmaceutical excipient.

[0092] The active compound is effective over a wide dosage range and is generally
administered in a pharmaceutically effective amount. It, will be understood, however, that
the amount of the compound actually administered will be determined by a physician, in
25  the light of the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound administered, the age, weight, and response

of the individual patient, the severity of the patient's symptoms, and the like.

[0093] For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition
30 containing a homogeneous mixture of a compound of the present invention. When

referring to these preformulation compositions as homogeneous, it is meant that the active
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10[ 0073] Specifically, in Schene 1,
5- am no- Ay@dhed7Rviwel No- 4- substituted pyrim di ne, conpoupgtissionros2s24
(prepared fromby corresponding 5-nitro-pyrimdine by reduction with
5% Pd/ C or 5% Pt02 by weight) is converted to the correspondi ng
trifluoroacetam de, conpound 1.8, by conventional nethods. For
exanpl e ingredibntgh tlispsrsedevenly thraughoatrtbacanpasitiomspdhitdee campnsitivnmaey be
with conmpound J1..1.in.a suitable i.nert. diluept such a .
et r any rahs upivids e Efhut Briel e hin oot lemS Hich @iebipivaits
react i ORapduld¥RITAisHONE Preforrhiil@fidiidahdn N6divied Rtd tunfQosdpatfbims dfahe type
reaction i1s_substantially conplete which typically occurs within
about 0 .dgsaribes abows soatainipg froab N xemple, 81l tp Bhout SAB M&PE the A&t €onpound
1.8 ks ri:?%@&’i@ﬁteo?ﬂ?é' SO0V hﬁ&?l met hods i ncl udi ng neutralization,

n, ex racki on, 5p

evapor at'i recipitation, chromatography, filtration,

and the i l.ternatijvel i | d._] t wi t hout
purifi CJM%‘E ;[ﬁ@/tgl?letrs% Plglsiogﬁl?(e $r6%§®%¥@e@§{n%%&§f&§%%%ﬁ? °1.8 to
the cor rgapetticddo Phdvide a dbsapé fdrtiifragiaf tie dvantays ofProionged suviono Bor
1.9, again proceeds via_conventional techniques, For exanple, an
excess @kampls, thetabdet orpil pan gompriseaan ingr dpsage aihiyboyer dosags prgponent,
sui tabl g_Jj I C i of
s t s LfGbeble SRS CERr b ndopBbyeri Pl SHRANE Binpllo i 6AEH:
apprnoxi mepaatyd bvan entetiv ddyentvhiohfsefvks filrebistedisinegtation inithectompwhand ar e
enpl oyed. The reaction i s naintalned ungder ient conditiaons i.n a
Senl ou FErEAdRnFaTRengYie PSSRSO s ARUeRBEF 51150 CEISIRR SHIFeoR! | y

conpl et i iGiall ' et _ | :R4tk@4)s Of
Coap ot o Vitdhfol iRlefiRl o §6 SUEEPfok Bucknfchic/1 e or cdaBfgst AITH rRAE0As

is recovered by conventional 15

met hods inchedingl2 nymbewofpalymeric ands andapizhues efrpolianericasidsowith such
precipitation, chrgnato filt Lon d the like or,

al t er natRAHMALS a3 @e@mpg&&%@{ﬂ%dltwg cr?gﬁlios%?dg}? M t hout purification

and/ or isolatign.. [0075] The, trifluoroacetyl.qgro is then renoved to
ot odde [FOST: HES e i Wi Bovel ripint O e igseifpyerion oy
enbodi m’?)@tinctg)g;\g/lﬁattefl E&J AHIBRERE 09I BPL Phsetias irfdRHqREoud RoRiBhE&HitablY
group. As above, this reaction conventionhally proceeds, for exanple,
by cont dewvored spugpagueous.q ol subpensions,god Srversd emfilsipns withegslilde pils such
such as potassium.carbonat.e in a, mxture of.wate . '

ol vent “ gepraeeuf Raar bif shCords Bl PR ol L0 s Rld e

t enper atyyh@facohtidil fhides.t 0 60C and is continued until the reaction is
substantially conplete. Upon conpletion of the reaction, the conpound
1. 189! s 1860¢ e@b\ﬁgé/&fjdc}ﬁﬁ fGOAN AR I PAGhsTRANRR IS Sd1HidH and suspensions in

neutralizat on, apor ation, extracti on_, preci pi ta_t 1 oNn,
chr onat phasyeeyytidally tceeptable, agnebus oeotgakie solvents) araninturestbeseof, jagd

enpl oyed in the,next.step,.w thout. .purificati.on.and/ qr isol atiQn.
(06767 - mexRersg g dkielir B erben ot o G R S B A B e
cor r espQRgipRble excifibnts 48 GoHcHBEW$:3Pd OPreBirSB1P theCRFRLItidnd ark bdniiigeRA by
via conventional nethods. For 30 exanple, 1n one method, conpound

1. 10 i s tewerebennadaluespiratory roush fordnesd o8 systentip epgty Commpositipns indrpigeabish

t he ,presence of..a,sul ] 1 .
i+ 28r SRR ANT deb Rt RARGSHED e RehlioEd B W Redent epses, Nobufized
gener at gglutidhiemag 86 bicathedslirgtdy fomithy netmbidingtdedict or thesutbhlidihg devier t
sol vent "such as tetrahfydr of uran, dioxange, chloroformand the |ik

&

The r eactaydht atiechaddpafasn masksrientcordnteRmtiePOMSHG Pressere eatins e
cont i nueQly i éusf)%}%icfél? ggfrb\%‘er' compUSEbA hhRbd ¥arfiRiERdred, Hréfetably orally or

typi cal I'y occurs
nasally, from devices which deliver the formulation in an appropriate manner.

30 [0097] The following formulation examples illustrate the pharmaceutical compositions

of the present invention.
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5 hours. Upon conpletion of the reaction, conpound 1.11 can be
recover ey orAd¥eEt | onal net hods incl udi ng neutralizat pODS2007/062824
evaporation, extraction, precipitation, chromatography, filtration,
and the like or, alternatively, is enployed in the next step without
purification and/or isolation. [0077] The carboxyl protecting group
of compound 1.11 can be renovddrimldioncExauspleilonal conditions to
provi de for conpound 1.12, a conpound of Forrmula I. In one

enbodi n§0098] a Harb gelatin papsubss tcontgingugnthp fal lowihg ingeehesslaneprepargdact wit h
formc acid. In another enbodi nent, a benzyl protecting group can be
renmoved by contact wikgrefiesit ogen in the Quasity(mghfapaule)

pal | adi um car bon cat alcysd ido¥@ii&! |y 1n a protic sol vagp such as

met hanol under el evakggchydrogen pressures. Upon congpjsedi on of the

reaction, conpound 1?,3%11@5%%%@3&% ecovered by conventiggpal nethods
i ncluding neutralization, evaporation, extraction, precipitation,

chr onmat h filtration .and t.he,l]i [.007 . | I I

ol 0 1 naf0aBs e bpé e e EBR st OftociR i v BOSRRL RV R
prepar atuentitk, esters is illustrated in the various schemes described
above, such as in schene 1, (conpound 1.3), in schenme 2 (conpound
1.7), and in schene 3 (conmpound 201.11). Furthernore, Exanple 1
describes the preparation of @grmuation ExqmpleZ,., o (o

(di et hyl ami no) - 5- ( N-i sopr opyl net hyl sul f gnanj.do) - pyri m di n-4-yl am no) -
3- oxoprd8HA) ph tf@ml@lsimméedw%&@sm%%n QﬁﬂwExarrpl e 4

descri bes the preparation of )

(S) - 4- (3-tert - but degredient (di et hyl ani no) - 5- @u%&%ﬁmglt%lg@rmt hyl sul fo
nam do) pyri m di n- dAgtivaringejliet oxopr opyl ) phenyl 25.0

pyrrolidi ne-| - car bteilleseemidrsdrestslliad of t he acids of tR@08.0i nvention
can al so be prepar@slididniliche daxidés by ways wel | known i16.0t he art.
For exanpl e, am ngiasidcadgiet hyl esters can be prepared usgig the

nmet hod of Brenner and Huber, Hely. Chim Acta 1953, 36, 1109.

Phar mac gﬂiﬁli almifQ oﬁoﬁ&ﬁ@ Bre b ende%l gﬁ% SAmMWAER4 S RIrAYGHleRS each wei%hing 240
phar maceutical’s, conpounds of this Tnvention are usually 30
admigi stigged in the formof pharnmaceutical conpositions. These
conpounds can be adm nistered by a variety of routes including oral,

rectal, transdermal, subcutanegus L ntraven , intramuscul ar, and
i ntranasal . These compounds asﬁg’rﬂ#‘\‘l%‘ﬂ @%alﬂgﬁg’zt h injectable and oral

conpositions. Such conmpQsitiaons are prepared in a.mapn wel | known

o . R0 Einch dry e oo shhalerd ORI OTE DERpAed SoRteRER B APUA BB o,

[ 0080] Té&h@oﬁﬂ'&@”“ on al so includes pharmaceutical conpositions which
as the

cont ai n, ‘5 active ingredient, one or nore of the conpounds of
Formula 1-11 above assocyahegiptth phar naceut%%hlty%accept abl e

carriers. In nmaking the Q Vé)ﬁilg#cﬂéh? of this inventikon, the active
ingredient is usually m f,e4 W an exci pient, dil %ed by an
exci pient or enclosed w Af'RSuch a carrier which ¢an be in the form

of a capsul e, sachet, paper or other,  container. The excipi ent

e 18y ocIOAG: yFhecatfivy iEmsat e v 8 Meiose ghd TG AdtEhte b
human sypj g mral s. When the excipient serves as a

di | uent %“@%ég’%%%é’%ﬂ@%?% sem-solid, or liquid material, which
acts as a vehicle, carrier or nediumfor the active ingredient. Thus,
the conpositions can be in théfdromdation Expinplesd pills, powders,

| ozenges, sachets, cachets, elixirs, suspensions, enulsions,

sol ut i on9104]y r Tgidets,@acioemitsin{ng30amg of adfive ingredient| angwirebarasdisfollows:

oi ntments containing, for exanple, up to 10% by wei ght of

Ingredient Quantity (mg/tablet)
Active Ingredient 30.0 mg
Starch 450 mg
Microcrystalline cellulose 35.0mg
Polyvinylpyrrolidone 4.0 mg
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15t he active conpound, soft and hard gelatin capsul es, suppositories,
steril e iwpaot7almssol uti ons, and sterile packaged powdecsmspdO8dds24 n
preparing a formulation, it nay be necessary to mll the active
conpound to provide the appropriate particle size prior to conbining
with the other ingredients. |If the active conpound is substantially

i nsol ubl e, it or(@s hefeisplption imsteriévater) a particl e size of less 20 than
200 mesh. |f theSasidurigarborymetbpibtarsh subst anti al |y wat er 4somgbl e, the
particle size i SMagnesami stesdieust ed by nmilling to provi déd.;amg
substantially uridlerm di stribution in the fornul ation, d.@mgabout 40
mesh. [0082] Some exanpl es of suitable excipients include |actose,

dext r 0Sq1¢5JCrRRYctiPO M ddNnt, SHRORIhe be111_ﬂés%ra@@§§ssecgm1@mqm,zot‘;ﬁésﬁi um

phosphate, al ginates, tragacanth, gelatin, calcium25silicate

ni cr ocr yéSatieverrndauixkd thesenghisol Tid sofutioprof pplysbiinyrebinpns isseixedwrith the
Syrup, %Qﬁ%&g fp%qeffgkvglgéhgﬁgthseﬁgﬁssgg %41@’%& ?@ﬁxe&?ﬂ.s'ﬂ.‘@%%.' ?H?g%aﬁglﬁ:% S0

i ncl ude:™ | e S Te nagriesrum st €ara
m nesal pebduced\Bietdried a8 967T & 602Tnd iphited ehrauith £1UEROSIU sRYENTES sodium
preserving agents such as nethyl- and propyl hydr oxy-benzoat es;

sweet enicathoapmethy! starsh, magnesiumhyjeagierand talviprevionsip prsspd haough a Ne. 30

i nventiqn be for ate .QVi ek, s

del ayed ngegﬁigg.em%qc, ?%3%90%@3@99 %grggag}uiee%tv% ,gﬁgrargﬁéqu%fg er(%et"’?]illl%h ? ooghe
pati ent tihletaniamhine to Fiddd ebbasicah waighifie 120 inge art. [ 0083]

Adm ni stration of therapeutic agents by intravenous forrmulation is
wel | known in the pharmaceutical i dustﬁg. Agé ntravenous fornul ation
shoul d possess certain qualitit@ o KEXHAPYSS ng just a conposition
in which the therapeutic a%en_t is soluble. For exanl)l e,.lhe

f or il a8l s o CBHbERTINEE H) dns Pl medighnert aiF Hade sdodes:y e
ingredient(s), 5 also, the manufacture of the fornul ation should be
cost effective. All Ingredigate factors ul tiQuantity (mg(c@8Pmlk t he overal |
success and usef ul néstiveoIngsedi¢mt r avenous fornul ati of0.0pm084] O her
accessory additivesStanelt may be included in phar nad@fimsl

formul ati ons of conmMuagadsumistdatate present invention ak0hed | ow

sol vents: ethanol, gbjterol, propylene glycol; -stabhfd.0zegs: ethylene
diam ne tetraacetic acid (EDTA), citric acid; antimcrobial 10

preservatives: benzyl alcohol, methyl paraben, propyl paraben;
buf f er i §L07ge ks active inigeediant.ctarol s gnosiamesteyate acshlondady passestihrough

tartrate,,sadi u rqogen_t r at acetic acid [ o L

mal of o S0V DGH Reet ad BT pOAR:sEn BinleRitt T HEREREEs

aci d/ pot assi um di hydr ogen phosphate, phosphoric aci d/di sodi um

hydr ogen phosphate; and toni ciRoymiibglidn Exsample@di um chl ori de,

manni tol , dextrose. 15 [0085] The presence of a buffer nay be
necassanyis) Sippbsiobict,kaclacpitsinmgMI m@of itive dpgediatt abte maiamofollows:t o
about 8 and nore preferably in a range of fromabout 4 to about 6.
The buffer system i_lﬁgigg{bmal ly a mxture of a weak Agiowngnd a sol uble

sal t thereof, e.g. achodidpmdédtrate/citric acid; or thggpnocation or
dication salt of aséé szlédfattﬁ%fﬁi%fcegi‘desﬁm assiumh ’ qu.gg tartrate;
sodi um hydrogen tartrate, phosp I'C acl d/ potassi um hydr ogen

phosphat n hosphori c..acl d/ di sodi um hydr agen phate. .[ 0086

The® moditosh rele Beaudit icoisilinugh A4 B0 BkR 155 R dog Py
and (2) i b sahRaed faly RfdislycdaRIes privionslylmétcd g thOmitithbeheat §&@sdaby.
ina0.5:1to 50:1 nole raflo of bufferdrug (where the noles of

buf f er dihe mixenisthen pauredintd neeppesitary refld pheomingl 2P g cepraty adrallowed
e.g sQdiumcitrate and citric acid) of fornulation to maintain a pH
in {ZRe 3¢ hge of 4 to 8 and generally, a 1:1 to 10:1 nole ratio of
buffer (conbined) to drug present is used.
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[ 0087] One useful buffer in the invention is sodiumcitrate/citric
acid in thew@EnRefedf 5 to 50 ng per nlL of sodi um citrat pcr@siootNs28n
nmg per nbL of citric acid, sufficient to maintain an agueous pH of 4-6
of the composition. 30 [0088] The buffer agent nay al so be present to
prevent the precipitation of the drug through sol uble netal conplex
formati on with dissol ved net alForowmiation Exampla7 My, Fe, A, 28 Ba,

whi ch may | each out of glass containers or rubber stoppers or be

pr esent [0110pr Buspengionseavk tentainitipeslage of medigament pes 54 mbdgse aretmade as
conpl exing agent with the drug and produce a soluble nmetal conplex

| eadi ng ff’lgo"t’ﬁhe presence of undesirable particulates. [0089] In

addi tion, the presence_of an agent, e.g., sodiumchloride in an
anount of about 5 Brgredignty/ni, to adjust the toni ci 80Ut t he sane
val ue of human bl odetivelpgisdianéqui red to avoi d the swePiOitRg or
shrinkage of erythKeatharegurapon admi ni stration of the #8tmM&venous
formul ati on | eadi n§odiomuarhesymathlybcalulbseef f ect s such as nausea or
diarrhea and possifliy%)to associ ated bl ood disorders. In general, the
tonicity of the fomb@tyigt@ninmenﬂage(@bug of human bl 60 mfi ch is in
the range of 282 tgu2&@ nOsm kg, and in general is 285 A0gn0sn kg ,
whi ch is equival eng,di@mtfagzgsdot i ¢ pressure correspongignggto a 0. 9%
sol ution of sodi u”i*‘l%%fr%leﬁftd%ol 0090] The intravenous forpuation can
be adm ni stered by Sl atel ravenous injection, is. s, or can be
adm ni stered by i n?‘ﬁ%i on %y addition to an appropriate infusion

sol ution such as 0.9% sodjum chloride i rﬂ ection 'i t(%]er C at ihbl e
|t usi onVLRI L (hhSrRCH Y IBRSERLY. SRSt SRt an G G Blegiad dpstsl rougit s
for mul abgd 1p AR s .SQi%\%'J hid fhes ﬁﬁﬁec{ it pRATGsHARAES ok ABAIMha1g T om

about 1 to about , nore usually fromabout 5 to about 100 ny,
for exampcecastiliinel@!ltivsaudisoddon egrboxymethyl cglvlosein weter dThefodiuhe

term"unit dosage forps" refers to.physical i b S.Ski T abl e
s Uni ¢ BeyEDs B0, P Soleh itk Ui PO Tie e et Vil yinile
cont ai Nigygri GevRAG1iS fHEh RAdeditsasbdick thY regeitddrdlimt.eri al 20 cal cul at ed
to produce the desired therapeutic effect, in association with a

sui t abl e pharmaceutical excipient. [0092] The active conmpound is

ef fd0tive over a wi de dosage Fongwlation Exampled a1y adninistered in a
pharmaceutically effective amount. It, will be understood, however,
that the anmount of Ingredigntpound actual |y adnmi ni st er SMaRARY pe
determined by a physician, in 25 the |ight of thémgMapsulg)

ci rcunst ances, i nclAstivedngrédiemtondi ti on to be treated]l30me chosen
route of adm nistr&tdrcln, the actual conpound admni ni 40@0enlg t he age,
wei ght, and responyagatsitihestéapgtevi dual patient, the s®Oemgty of the
patient's synptonsmogid the |ike. [0093] For preparupg0segid
conpositions such as tablets, the principal active ingredient is

m xed W r Lcal cexcipi : | ation
conposi t[ﬁglrﬁ 38&% Oa?}ﬁflg? ‘%ﬁfgm anth%%gfeaﬁgtgﬁa?ﬁﬁl%ﬁ%rﬁfyg%é%{#g%ﬁ%g%gf t he
present thiowglh N 20 Wesh U.8f stieviel mgl filbed inedmrdgelbtin capsales om425.0 mg

conpositions as honobgeneous, it is neant that the active
quantities. :

Ji

15 Formulation Example 9

[0113] A subcutaneous formulation may be prepared as follows:

Ingredient Quantity
Active Ingredient 5.0mg
Corn Qil 1.0mL
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ingredient is dispersed evenly throughout the conposition so that the
conposi t iyo8 JhPYoP@s ' €adi Iy subdivided into equally eff6§étmg2ddwogzsz4
dosage forns such as tablets, pills and capsules. This solid
preformulation is then subdivided into unit dosage fornms of the type
descri bed above containing from for exanple, 0.1 to about 500 ny of
the active 5 ingredient of thRophelacionh BExaupdé i®n. [ 0094] The tablets
or pills of the present invention nay be coated or otherw se
conpoungeri4]o Ax Mviatienous dsrdadetionanay tf propatedigs follewadvant age of

prol onged action. For exanple, the tablet or pill can conprise an

i nner dosage and an out Rigrgdikage conponent, th@udantiter being in the
form of an envel ope OVGA*ﬁMnngE'df@l[ The two conpengats can be 10
separated by an entericy D@Qﬁ; L ch serves to rghsdr, di sintegration
in the stomach and perm e |nner corrponent to pass intact into the

duodenu to b e. ri,e can
used fo&bﬂﬁl gj%r#@%é%erﬁ%%ﬁdplt eg%le gfljs ‘%ufyt%gﬁ) re%&atﬁéve?‘nlé liC ’Ir? ga
numbsr Qlfanmfmamslﬁe@qedﬁseeotﬂamhw?Jrel&hqfan@aﬂrmmameam@aaememms uch
materials as shellac, cet al coho and cellul ose acetate. 15 [0095]

The 1ig (Previfoeontinpous i dmom@q% {nfpsienakibs compernds of thergsentigyention in
I nventi on t??i qdb%'édu'ﬂ?so I’ﬁ%l’c% Cff18{1 aﬁ@@e’ﬁﬁ{)&ﬁ?&eﬁﬁﬁ g ¥01‘%e @éilve of

i nj ecti OR aqueous soO utrons suita syr ups, aqueous
or oil qmsmsumsageﬁnmisweamm ir thel zt. Bes, aIgI;U $ dalxne 5,628,252 usduedis

tt d I I t I t I
Gl xi 3 Jae bitRp Faersoh neamiontcd Baferyehyes St DGR vUBy PSRBT Bis
for bnh%bﬁﬁﬁmfgf iSRS biPididd déﬁbél‘}%f%ﬁhﬁﬁdc&ﬂ&aﬁ%n&uspenm ons

phar maceut 1 cal acceptabl e, aqueous or "organi ¢ solvents, or mxtures
t her eof HEMaCRakal N
sui t abl Jﬂm %@ﬁ@af ?l {é%:g%%% ogﬁgéeg%ﬁ%gﬁgﬁsde Hél():rl bggéﬁsupr a.

Pr ef er akbsnpblition antho didin,eitherndieccty ot mditettye divget tévbnigned usuallnialve
resplratory route for |ocal ffect Siti gns i

pr ef er alplaFemsnig; ‘II’B% éﬁ'%‘f%f"?tbetﬁ‘g‘e@pﬁﬁﬁf’g 5, VSPWHFOH}‘)FE E')% {]ez ed
by use gfjod nlﬁfclfn H3&S Oddahkh irﬁ@gntamle IdEh\%? s¥58n hed%?afeheﬂspﬁrtact ly

fromthe ne I zing device or the nebulizlng device may be attached
t o d5f addologisklSatterstio smmﬁmat@mmmale‘nglomﬁ the bedypisdssaribed kn Ut Rategt

hi t b
2 ni SEel el 2P BB E%%ﬁi’béqwa{sfl%xaséﬁn&g o hSCfCZZ‘ym.ech
Fol | ow ALY %&éﬁ%&qﬁwé‘ﬁpﬁ&a bt BrauEReE ik soroulip fyprovide fo
conposi ¢ Ete%aﬁé]fbeypf hE$6ferkiBY 6?&*]&8?11111&:%%%% HpR-doraPlfgd. [ 0098]

Hard gel atTn capsu contalning t | om™ng 1 ngredients are
pr epar ed.atdntigtiemtiseen aliy actigvegitiyougipblocking A€ the\hefdrqxgl,@mbenylseﬂ@te, and

St ar h305. 0 nesi um st ear The aboye .in nts

o 6 28 A S GRS AT g dreg ofeRda in FUE pRPSHG oA

squant i tRSablE@S FEiPbHtATnRCASR tiRe tlood-brain barrier. Alternatively, the delivery of
hydrophilic drugs may be enhanced by intra-arterial infusion of hypertonic solutions,

which can transiently open the blood-brain barrier.

[0118] Other suitable formulations for use in the present invention can be found in
25  Remington’s Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, PA, 17th
ed. (1985).

[0119] As noted above, the compounds described herein are suitable for use in a variety
of drug delivery systems described above. Additionally, in order to enhance the in vivo

serum half-life of the administered compound, the compounds may be encapsulated,
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[0100] A tablet formula is prepared using the ingredients bel ow

| ngr edi eny@4agritoines (no/ tabl et) Active Ingredient25. 0 CelpCuiussmr/062824
m crocrystalline200.0 Col | oidal silicon dioxidel0.0 Stearic acid5.0

[0101] The conponents are bl ended and conpressed to formtablets,
each wei ghing 240 10 ng. Formul ation Exanple 3 £0102 A dry powder
i nhal er iftoodwetdintotheilsmpn eplipasdmesmreganidas a dodlofdo bt ofhenepnyertmakbnt s:

I di \ei ght 9% Act i l,ngr.edi 5 '

LRSi Zdim%irﬁm}o'ifgﬁg%ec IS S G BR ana eI R TS ofliE o o
ry powdgmpbihd! 1A ' ,
each cont alpni ng 30%@@%? f%???&zﬁ???ﬂeﬁ%%?p%?ﬂﬁ%l?g&g?%%ﬁglsde?ﬁb%ﬁg:

| ngr edi exg. (Erake, at gl W Patsniclys. A3D:pd 1;h80 bR Eand36817 938 achpEWhshas ng
M crger X3 hdrhfdd nERid 8 A&ared M Pol yvinylpyrrolidoned. 0 ng

[0120] Compounds having the desired biological activity may be modified as necessary
to provide desired properties such as improved pharmacolo gical propetties (e.g., in vivo
stability, bio-availability), or the ability to be detected in diagnostic applications. Stability
can be assayed in a variety of ways such as by measuring the half-life of the proteins

10  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).

[0121] The conjugates of this invention are VLA-4 antagonists and are contemplated to
provide enhanced in vivo tetention as compared to the non-conjugated compounds. Such
15  improved retention of the conjugate within the body would result in lower required
dosages of the drug, which, in turn, would result in fewer side effects and reduced
likelihood of toxicity. In addition, the drug formulation may be administered less

frequently to the patient while achieving a similar or improved therapeutic effect.

[0122] The conjugates of this invention are anticipated to exhibit inhibition, ir vivo, of

20 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 in intravenous
formulations for the treatment of diseases mediated by VLA-4 or leukocyte adhesion.
Such diseases include inflammatory diseases in mammalian patients such as asthma,
Alzheimer's disease, atherosclerosis, AIDS dementia, diabetes (including acute juvenile

25  onset diabetes), inflammatory bowel disease (including ulcerative colitis and Crohn's
disease), multiple sclerosis, theumatoid arthritis, tissue transplantation, tumor metastasis,
meningitis, encephalitis, 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. The formulations of the

30  present invention are especially useful in the treatment of inflammatory bowel disease,

such as Crohn’multiple sclerosis and rheumatoid arthritis.
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(as 10% solution in sterile water) Sodi um carboxynethyl starch4.5 ng
Magnesi uRyghe@fei®gd S ng Tal cl. 0 ng [0105] The active i pgragbm@nbe2824
starch, and cellul ose are passed through a No. 20 nesh U S. sieve and
m xed thoroughly. The solution of polyvinylpyrrolidone is mxed with
the resul tant powders, which are then passed through a 16 nesh U S.
si eve. TOR3jr Appremisoiovips vedele doralemonstrasiig 2ffiGOC N e Mg inflammpatosed

t hrough a nes .S, S)eve. The sodi um car boxynet hyl. .starch

mgnes: AnSHeR e e BAF(epE e Hfioris SEBINPRY N BARE 4 nesh
U.S. si Q¥feadig or REihatddatwtiPad StberdhAftinatoryhiodels da%éxﬂentrﬁp&hw, are
conpressed on a tablet nmachine to yield tablets each weighing 120 np.
For nul atittegrBxanpl e 5 10 [ 0106] Capsul es, each containing 40 ng of
medi canent are nade as follows: IngredientQuantity (ng/capsule)

Acti 9e I[01R4}dileflamMa®ryrhoselatistasoor GBRY réferrie thagroup ebdiserdérsdhatgause

Tot al 15Q, O, . 010 The. acti ve ingr.edie t h nesi um

st ear at ghealpér’gg“[‘eeﬁa g’%‘f‘ﬁ'}%’é@@@#?ﬁe&ﬁ yglaﬁg%“é‘t%wﬁé§wn§ﬁ%ﬁ§%8§%g and
filled iaBignihal sta@ps afd Paif Adiskihes weiphdfols &FEl ifitestiidl bleeging FIBDMY At i on
Exanpl e 6 15[ 0108] Suppositories, each contajni ng 25 of active

i ngr edi eatlective tavaifier to signilap discasehuloaiatieneolitis iy C nd\rErOhh’g disgasent 25
ngy Satura¢ﬁd) fatty acid glycerides to2,000 ng [0109] The active

i ngr edi én i’s passed through a No. 60 nmesh U. S. sieve and suspended

in e ated, f,atty aci |, ol .eVj . I ' th
i nﬁﬁumﬁ% r@Bl&%g’Pg@e JFI(CéjD% légﬁbé%ﬁa%?\#l%%?}%ﬁ ﬁ@agg%su%ggosi te ory
nmol d of jARmRafiorlefAhE gashidatbstinab(@l) kdtowdiough any area of the GI tract may be

involved, CD most commonly affects the small intestine and/or colon. In Crohn’s disease,

all layers of the intestine may be involved, and there can be normal healthy bowel in
between patches of diseased bowel. CD is associated with fibrosis, stenosis and fissuring,
15 fistulae between disease tracts and adjacent structures (i.e., bladder, other bowel segments,
skin) and abcess. CD patients are typically present with diarrhea, abdominal pain and
weight loss. The abdominal pain usually is insidious and may be associated with a tender,
inflammatory mass. Fever, weight ioss, stoniatitis, perianal fistulae and/or fissure,
arthritis, and erythema nodosum are all commonly seen. There is considerable morbidity
20 associated with CD, particularly in patients with disease not controlled by currently
available drugs. Up to 75% of patients with moderate to severe disease require surgery and
up to 75% ot these patients will experience post surgical disease recurrence within 10
years and up to 50% will undergo a repeat suigery within 20 years. This high rate of
recurrence indicates a need for new effective treatments for foth active disease and

25  maintenance of disease remission..

[0126] Ulcerative colitis or "UC" is a chronic, episodic, inflammatory disease of the
large intestine and rectum characterized by bloody diarrhea, Ulcerative colitis is an A'
inflammatory response limited largely to the colonic mucosa and submucosa. Ulcerative
colitis can be categorized according to location: "proctitis” involves only the rectum,

30 "proctosigmoiditis" affects the rectum and sigmoid colon, "left-sided colitis" encompasses

the entire left side of the large intestine, "pancolitis” inflames the entire colon.
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20to cool. Formulation Exanple 7 [0110] Suspensions, each containing
50 ny of wedbeaokies per 5.0 nm dose are made as fol | owspCT/US2007/062824

I ngredi ent Anount Active Ingredi ent50.0 ng Xant han gumt. 0 ng Sodi um
car boxymet hyl cellulose (11% M crocrystalline cellul ose (89%50.0 ny
Sucrosel. 75 g Sodi um benzoatel0.0 ng Flavor and Colorqg.s. Purified
wat er t dgnfphotytes a@lirhadropheges ateinuencrougrie tistoms of hﬂ@n‘@%omb@mhdﬁsmg

bl.ended h h
o xR PR ey a2ty i AR ey &P Ol qfparory
cel | ul osRwRNgis&RE (WD Jq%éi@é& o8f With Heel-Bay %ﬁsgeﬂwwa@errheﬂsh@tswsﬂeup@ess

benzoate, fl avor, color are diluted with sone of the water and

added withéhgsnan HLAgB2’Smoﬂ¢c@lee(hcawgm and beteglobudincagne)shatris avseeiated e

R A

st ear at g@iob to@nset of skeletal mﬂammatory changes these animals develop non-granulomatous

inflammation in the small intestine and diffuse crypt abscesses on the colon, a pathology
that is similar to that of Crohn’s Disease in humans. Efficacy studies were performed in
the HLLA-B27 transgenic rat IBD model with compounds of this invention as described in

10  Example J below.

[0127] Asthma is a disease characterized by increased responsiveness of the
tracheobronchial tree to various stimuli potentiating paroxysmal constriction of the
bronchial airways. The stimuli cause release of various mediators of inflammation from
IgE-coated mast cells including histamine, eosinophilic and neutrophilic chemotactic

15  factors, leukotrines, prostaglandin and platelet activating factor. Release of these factors

recruits basophils, cosinophils and neutrophils, which cause inflammatory injury.

[0128] Some appropriate animal models for the in vivo study of asthma may include the

rat asthma model, the mouse asthma model and the sheepmodel as described in Example

E.

20 [0129] Atherosclerosis is a disease of arteries (e.g., coronary, carotid, aorta and iliac).
The basic lesion, the atheroma, consists of a raised focal plaque within the intima, having
a core of lipid and a covering fibrous cap. Atheromas compromise arterial blood flow and
weaken affected arteries. Myocardial and cerebral infarcts are a major consequence of this
disease. Macrophages and leukocytes are recruited to atheromas and contribute to

25  inflammatory injury.

[0130] 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
30  from the circulation into the synovial lining of the joints. See e.g., Paul, Immunology (3d

ed., Raven Press, 1993). Over time, bone erosion, destruction of cartilage, and complete
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Total 425.0 ng [0112] The active ingredient, starch, and nmagnesi um

st ear at e wp9odren@sd, passed through a No. 20 nesh U. S. peirarsgoo7o6rs24
filled into hard gelatin capsules in 425.0 ng quantities.

15Formul ati on Exanple 9 [0113] A subcutaneous fornul ati on may be
prepared as follows: IngredientQuantity Active Ingredient5. 0 ng Corn
O | 1. 0 rss of joint integrity can occur. Eventually, multipl§organspsterosmay dmaffected
[0114] An intravenous formul ati on may be prepared as foll ows:

| ngr edi §013adbirt Yarhege inahturmateidi axthiri?is Begins with tlenprolifadtionet @PMovidl

[ 0115] Anot her for atjon egpl oyed in ,the nethods of .the present
| nvent | GRACERRREgRS HErobiats K RIgEs-ABJideth RS0 SHo BT S h
t ransderati Al Egﬁﬁhd@bes t?ﬁﬁlﬁﬁfecbemg%g%g féoé?‘orﬁ Oftdl dhdBtkelifl cells proliferate.

di sconti nuous infusion of the co _ the present invention in
cont fol NawvaseolanizationTthen geauss. Blead vassehnin the affested joint bdeammocobuded nadth

for the delivery..o har maceut ical ..agents is well . kno Ln the art.
Sec, 6. gl gl deBaRARECTR SEHY bR B opyia GG Bellls b Fro®
| ncor porgégtarby féafifg fvasive Phiflus BisdueNPeniBihvigesed Hesttisedrtilfe ahd
continuous, pulsatile, or onh demand delivery ofwﬁltjar maceutica

@

agent s. bppa Myltipleseytakingsyintqriculing proteingses; aidgrewd fagioseas selgased

I ntrodu .he ' i L] i .k

i r ot | YRagte ARG AR Sl fon SATRANAUERL FATIRE Brplhtlie soo,

of a0dr WRiresteini .8t Fticlaphahe pathogemesib of Hesmawid athritiscRiiddy S$aramEDy
bypass the bl ood-braip barrier. Qne such jnplantabl e _deliyer stem
used forl¢dge QB’@SBWNO‘F‘E%@S[I@T%?’quockf‘%ﬁﬂ%}‘@a go%’pg&qdrﬁﬁ%%&f “cal
regi ons ywfg hg,fapd 0'§9g@_?gqj.bed in US. Patent 5,011,472, which is
herei n incorporat é? gy reference. [0117] Indirect techniques, usually

; Ve Lot i na. . o ; oy
by Che- (OB, SRR BATRRRL e P bOMEARAGRL iR g fEhuet | on
Lat ent i atdjovant ldgesibAethtitis @TASY el Cdliagany mdncetAithgtio (“GIAE) &s/dbsaribyed,

car bonyl, sul fate, 20, primary am ne groups present on the drug to
render tl%gxﬁpﬂlﬁsﬁtfﬁ’gr}gfﬂﬁ‘ie}fﬁsol ubl e and anenable to transportation

across t[(r)] 1633?I Oﬁ(leg)-t}grziilimniczﬁ%rnrfin? trhé célnfpglrllgld%t()if \t/l?lé %/ﬁve}ltri]o% i(geitll ith\éan'e%tn?gnt 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

20  principal outstanding problem is the lack of satisfactory agents for inducing
immunotolerance in the recipient to the transplanted allograft or organ. When allogeneic
cells or organs are transplanted into a host (i.e., the donor and donee are different
individuals from the same species), the host immune system is likely to mount an immune
response to foreign antigens in the transplant (host-versus-graft disease) leading to

25  destruction of the transplanted tissue. CD8" cells, CD4 cells and monocytes are all
involved in the rejection of transplant tissues. Compounds of this invention which bind to
alpha-4 integrin are useful, inter alia, to block alloantigen-induced immune responses in
the donee thereby preventing such cells from participating in the destruction of the
transplanted tissue or organ. See, e.g., Paul et al., Transplant International 9, 420-425

30  (1996); Georczynski et al., Immunology 87, 573-580 (1996); Georcyznski etal.,
Transplant, Immunol. 3, 55-61 (1995); Yang et al., Transplantation 60, 71-76 (1995);
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hydrophilic drugs may be enhanced by intra-arterial infusion of

hyper t oniygo s7Hbi1@sS, which can transiently open the bl potabroat/oe2824
bather. [0118] O her suitable formulations for use in the present
invention can be found in 25 Rem ngton's Pharnmaceutical Sciences,
Mace Publishing Conpany, Phil adel phia, PA, 17th ed. (1985). [0119] As
not ed aldoderson khtal AFISINIAL, 2R2E(1998Y herein are suitable for use in a
variety of drug delivery systems described above. Additionally, in

or der t ¢0EMhanceslitbdusenfoy compeianis of thid hvéntioa, which feéndatVIbA sl ie ired

e
techni qlé?npou k g@l"f'e:t%.lrfb'»r QeS8 3%5933'8@(@95}”(@%& asﬁftéﬁﬁallﬂfeftaﬂ ife

of the c A'Variety of nethods are avail abl e prepari ng

| i po§o mdss,eaﬁsthat@scmm bé@nlmmuaolg)glca& owmpetent cglls are ttrassfen’ad @n?en gllegeneic
4,235,871, 1..728 and 4,837, 02

herein BSFR ﬁli"t BHEES m[aélﬂtffle &%83@%@%6 tﬁalédﬁ j %3‘?@%

acti vit Yedigi¥ntD aiskaed of 86 skis, gﬁ@?ﬁﬁeﬁa)anﬂ Qvﬁf@vﬁé@dﬁwrgadanﬂmaﬁbel es
such as i nproved pharnacol ogl cal _properties il

.g., Iin yvivo stabi t,
bi o- ava.dbamypdﬂwng&ecpn@ea QVHR. {The 5@3%!36&’&??@8 ap ﬁSRfF Has‘f%th ent
appl i cat S
by meac i PRaE e B AR s ERAY Sleil & 1R YR iy andfiRaiib Buets
pept)dades sewerd\GVIHD hbhsislsmbern repﬁrtadun Atherodses aoowveld untluginghedrhand liver
stability assays haye been descri Veregoef et a

3. *Dr ug BRI, FRe %R?%geﬂtsfé %@szli“’%%@s%fe useds g gl blodt!"
con; u9ata§t?va§tmtamlﬁz do éFTtdeﬁé‘t@f P e Ny AE BisAb3iteR6l 1y3E @arget cells in
cont enpl at to provide enhanced”in vivo retention as conpared to the
non- conjthegladsed conpounds Such 15 inproved retenti on of the conjugate
within the body would result in |lower required dosages of the drug,
whi ch, i[e135)r A fusthet dse efithé tompouneswef this idecrsiohds inhitating ety cetestasis.

i kel i hood of t ty. | ddit th | ati
LAl o Reres s crlative bery eparetd exitts NLAUA AL ComRbrd, it B | o
or i mpr Qued AisHCRANLibE o?gdcﬁ%ll%{o%agﬂhefm%eHQ NG tummBhasetal., UPdlSReg 23,

i nvention are ant|C|pate to ex bit inhi |t|on in VIVO f
adhesi orl76483I(&9%0r-Qtams et al..dntidt Genaead0,B67H (89 aFreadmen w2k, hewdy

b f hi
vent | AHPAATRES Bt ﬁﬁ?ﬁ‘%ﬁéﬁ&g Rosbieh 45 SRIPER ORI 1 cat et
f di diated b A-4 I dh S
 ncl ude I ar e v Qe DAL AR TP Ceao e E TR

Iﬁ?u di ngﬁggl sclefosts 1s%@?@é@%ﬁﬁeﬁ%l&wﬂ'&%uﬁﬁﬁﬁé‘Hisé‘ase@he@laﬁ%@§ an

(| nc cute juveni’l e 25onset diabetes i nfl ammat ory bowel
di sease ekfimated aso,gomtma&(aeouwopw inthesUnited StrtohnMltiple seleroyis laﬁhpvgtﬁ e

scl erosis, rhe thr dis, tis uetr pl

ot st addhe MY Akt piccHeEepineeP ROt i R e SRt MK ap
traumas,; ’ﬁﬁf&hﬁ%&ésﬁucﬁ&{ dfMaé1f, tiktiaf|Airgehemh cbvetingRfedve fitkors , In an ammal
rryocardl a I schem a and acute | eukocyt e- nedi ated |ung i nj u sucll;la

t hat V\hlmdsdeb&mmﬂtlph salgrasis, mawine meneelpngliagtibedies digae

 edbreneSLi el Feﬁ@%@ad@heg@%@a@ﬁ@gf@ﬁhaﬁdﬂfﬂ@%ﬁw p e

scl eros '1ﬁﬂﬁﬂﬁaﬁ$@b‘fﬁh& bsftral mbfvous system and subsequent paralysis in the animals.'®

[0137] Pharmaceutical compositions of the invention are suitable for use in a variety of
drug delivery systems. Suitable formulations for use in the present invention are found in

Remington's Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, PA, 17th
30  ed. (1985).
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[0123] Appropriate in vivo nodels for denonstrating efficacy in
treating wohi@apicer y condi ti ons include EAE (experi menpgipabodbgssbne
encephal onyelitis) in mce, rats, guinea pigs or prinmates, as well as
ot her inflammuatory nodel s dependent upon azi integrins. 5 [0124]

I nfl ammat ory bowel disease or "1BD' refers to the group of disorders
t hat cauf838 helliernnemint admpinisterbd toothre patidnk ankb starygieperdind yporamhdt esbaiug

i th t i di bdoni nal. . d pain,, diarrhea, weight
Foss andamisetet e Dutbsaphte s R cuff as BROBY gl B HsFyy R e
si m | ar Jfiqeansiest, HeGRimdel YEadnihistrbod, ahdhk 1ARd Iﬂli_é%éﬁﬁdjigﬁﬁsﬁ@&ﬁm@," CD")

10[0125] Crohn's disease ("CD') is a chronic autoi mune disorder that
resul t s comppsitiprgaraedwinisered tea gatiant already suffering fran)y diseass in an ammingh

.the Gt . i d .af f ect
oy 3R e bk AP By KR e B e SRORERR L1
t he i nt estiplicationy. Be amvuat ¥eduats el adcoiptisic this o definsda|"tireadcutivallyovnel
in between patches of diseased bowel|. CD. s associated with fibrosis,

st enosi $iigpiaverdose ) rAmgunts sffeativg fapthasgadl dapand padhe diseass cangition being

di 97 .
boose, UG 4F PEIIES vl ot e eihlifl citthin REBIRIL Sportifiies A
pai n ands di ghéerity of the ifflemadatomithabgepwicightisndgdngral sondisérdofiiths patiit,may
b iated. with der, .infl tor, . i ght |.gss,
ot ot | G ey HitheleTeBlcLibe ARRIPBRAL AR Brodghqai spstst bk revidRe e
nodosumigret, alfettoRSToRk¥mafe appFéifiabe IfinGOAshEta! BRbE oBNdN dhitd, ¥re2 0

associated with CD, particularly in patients Wwth di sease not

co gt r ol Ikedwhyn therarte gaeb,yfoav:sﬁmmm WaghengsG. Rbpmgcomﬁi@s fos he %lmﬁlavmiﬁal
. ' ' 75%
pat | ent ?céa%rlﬁt?ﬁfs%@qr%%}??%g&é&%ﬁéﬁ%;in?ﬁ.- Yease recurr ﬁnce"bm- Lhin 10
50% Wi |, i thin 20 .
This: b gi388, ohseomotiipes Rl ks denSith Y Al PihebReccacs

t r egsMenbinbQfiodsAdddcr@ed 68yéli PIRAS CordPekitions iy BeIilBRd Oy cohwdfisal
remssion.. [0126] U cerative colitis or "UC" is a chronic, episodic,

i nf | anmateoitigatitinstechndquss, arineayt ke gerile filteredi Fee remelting equeens srlvtiensanayzied

by bl oody ,di arrhea. U cerative col ti s i i r

Y it oa Phakegst R pnis BTG tsabooniteo R hperlie D PR b L R
colitis skl Spichad QBN e tesdiniditragod.0 | ocation: "proctitis”

i nvol ves only the rectum 30"proctosignoiditis" affects the rectum
and si gnpi4hC nH€hivisd HR HeGifdd BibDgicBNEHIRAERS DRI BE] A9 ReckRk:
si de of rItmh“ebll gdélg_’oiurrllt est‘?l_lﬁge, " Sar_lcolli tlgls? [ nﬁgrr.eg I?he entire col oﬁr{
Ly mBRoc o providedlesimed proherties suchas immoved pharmareegigalprefferties e @minvey

o ol R RO R TR of irtsbilicy fobd e @R eno Y b oAby SEBIRY Y
HLA- B27 chii 88 §ﬁ@?édﬁinraaia$ie3;rdf®$@s sattbasyaneasnring thethatf- o ofithehpréte B3 7

mol ecul e (heavy chain _and beta globulin gene) that is associated 5

Wi th spehitipg nsubationyuithpensideses o buman plasms 05 e A neB e afispefsproten
af fecti ) L QL t i y
changes%%R}elgga%ﬁfgnlg%%gggg%sg%b%%ﬁ?‘g% Yu égﬁiﬁt?-ﬁﬁ j;irrjlm [ on&lr'n t he
smabkb i rPheshdcokinandlo®0f 15(3R83-HFPt abscesses on the col on, a pathol ogy
that is simlar to that of Crohn's Disease in humans. Efficacy

st Udi'eséﬂﬁl PRtcftRérapshtic Mobdpe ofitii Bbouhdd ek peesé inveBibnradlelaryi t h
s 0

conmpoun . this invention as described in .
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
30 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 pg, more preferably about 100 pg to about
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10 Exanple J below. [0127] Asthma is a disease characterized by

i ncr easedyhogPrsicyeness of the tracheobronchial tree t@cyaishédPers24
stimuli potentiating paroxysmal constriction of the bronchi al

ai rways. The stinmuli cause rel ease of various nediators of

i nfl anmati on from | gE-coated mast cells including histam ne,

eosi nopl30Dipg e diloguin tajdpivwédightc Seitmiladbdage fdnfecfon irranhenl kdministeation are
pr ost agl andi nd platelet actiyvating. factor ease of these

fact or s SeREAL g‘%"%ﬁsld?ﬂﬁol lsr,ng@aski%ﬁbegwala%Ef#fsﬁwmdg,sewi’ﬁ cause
infla hol4t8d ot ddsB nW&% 98 &G I G anfRAIGhSdel @55t the T n
vivo m&g %ofl ggﬁ?rra mayg%\)c ude the rat asthma rmdaéll , the rmtise '
ast hma mspeteins.and t he sheepnodel as described in Exanple E. 20[ 0129]
At herosclerosis is a disease of arteries (e.g., coronary, carotid,
aorta arj0il42]i abgmpotinds bfithicinkegionrare slbecanblerod bindingersingtgenizinggthe

rai sed focal plague wthin the intinpa, havin cpre of lipid and a
cover i ng'wtf“i’rﬁr‘%l% g .%H&?@H’és%%’i&?‘gm %‘Eﬂ%‘ﬁ{‘@? Pg{mso‘%ﬂﬁl I%?/\f?l%d
weaken EiR Prihiid RGN hptansl ERFRRS 8¢ dibdabay Rlifeeabe the
maj or c%&%@queﬁge of %ﬁﬁsrs?vdi s_gase.ﬁlll\?ac_r ophages -anc} Ieukocytees?are
recr ui t ddhding of thesedntegrinsitd theinrespentive ligandds i nf | anmat ory injury.
[0130] Rheumatoid arthritis is a chronic, relapsing inflanmnmtory

di sease [048] [niansthet gspectuddse inngriontha tompoumis ahd campositiars desdrivied .

Rheyrmat gi d.arthriti lly first affects th 11, [Oi f_th
nandl  parr e el RIS v ol TrigEinp P e e e o
knees. Elaﬁfoﬁﬁ gf&én& i the GRdArc of [ foranifie, %ﬁilﬁﬁlle sOlEro3NOMbakeas YHich 1l

| eukocytes t Infiltrate 30 fromthe circulation into the synovi al

li ni ng of infenpasorytisdu@dalestractioned the myshing Ryeforpply, Sebse teagema inhibit

Press, 1993). er.tinme, .bone erqsion. .destruction of red | and
conpl et éﬂm}'%lgge fm%f& lﬂq‘ 14 %F@a{;ﬁrg@at blgsc Gt \}éorﬁltaglgltﬁ%,ﬁ rru‘%’?]l? aB’I e
or gan syséfoe rémyelition, Taé fdeedtd id¥halsd Préventiduim@tinbtion e préimotied
arthritis begins with the proliferatign of synovial macrophages and
fi bdbl aemyelaption ofitheceptgrlmerigus systere fr copgriitpbmgtaholicdiserders 1pwhich

I nfecti L IT] 1] | | :

endot et ety PRGN (¥l okt hé B iint BREHh ScaliE MY fn RN, The
Bl ood vessehss prefeiably Afd mduedparaliysis when administerkd thealswhjed withglakalgdiot s
of inflammatory cells. Over, tine, inflamed synovial tissue begins to
gr ow i rﬁ@@?ﬁ)mdeﬂ’aﬁmﬂ}#@gi%ﬁ%&Qfé’OB‘élHﬂ&s ti ssue. Pannus invades and
destroys cartilage and bone. Miltiple cytokines, interleukins,

pr ot ei nd8t4d] dnflammetary disgeses that aredneludedfor freatmgnidhsnilie comppwtionsy nt

q . | © : : . _ 0
i r a0t < ioR oA Fodtf R RIS Bleirb B e IO AP Rtatindl5:
Ruddy S,dehBelingfionDHisiblegiallzBnydial dbaprmiites edithieddneyelinatiiexdrbook of

Rheunmat o] ogy,. . 7t.h ed. th',l adel_ph'i,a. W B. Saunders,., 2005: 996-1042.
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

25  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.

[0145] The compositions, compounds and cocktails disclosed herein are contemplated
30  for use in treating conditions and discases associated with demyelination. Diseases and

conditions involving demyelination include, but are not limited to, multiple sclerosis,
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[0132] Appropriate animal nodels for the study of rheumatoid

arthriti ?@E‘y arhpfksde Adjuvant Induced Arthritis ("Al A"pcpisoonbdgmen
| nduced Irtrs %l "CIA") as described 15 in Exanples G and H herein.
[0133] Another indication for the conpounds of this inventionis in
the treatnment of organ or graft rejection nediated by VLA-4. Over

recent Ygrdenithinasabdlsdibaaers de.g.0plidngiketinutia (PHDUQV’ByESﬁchs distdse,
efficiency of surgical techniques for transplanti E& es and

or gans ﬁl@lﬁa@ﬁ@k case, Gaucher’sidisspse, HB’&?”[S sying S‘?i‘ﬁ%la%??ger
marr ow. ffmapck of
sati sf ac or y agghftégﬂ-%g édﬁgﬁ{gﬁ%jveli?m%%% )gl?eéﬁé I1§§'%tviﬁg atr’ ecl alpent to
t he tr amsyliastiond e, GughaihtBaors, chrgmn imwwes deiyeliratieg polyaturepashy (C1hs

i ¥1 aganlors gt bRyt Bopronay (RSN A MEEPefUh-felr i)
to mounigy gébgr P SyrideSae SALDP (Gaft Aisofded A utoitibollp, Edﬁ@-a%d‘ , Oisgl ant
(host - ver graft” di sease) leading to 25 destruction t he

t ranlspl intsmdunopstbubsyndmne , catitsylfatgioantibedyesyadipmes ARiiM2 antikody) |
nvent | Sdimmg POEMETPoReRiophtd! GRtefthed s BiGorpHRG: B Prciin bill Siin

bl ock alch@aset )gﬁWﬁﬁﬁdWﬁH@oﬁeﬂﬂmmSﬁldrme and Taketski tiseasby
preventing such cells from pa,rtl ci pati n% qllfg ggstr ctl .on_ of the d
t r an@pl arieenritisskelybawi-Gd? Yﬂgf gfre %‘F poyelpating (g &p pause
| nt er natbgcgggg% g?i%g?ﬁgpclﬁ&oé%.gg @KS(ﬁeﬁérﬁéﬁﬁﬁé( pr@éalrﬁmde, 'aﬁi‘l“z'i&i&l&iﬁ%’)

87, 573 orcyzn ‘et al Transplrant | mmunot 3
(1995) ofesn Geretlitarly dpnﬂjehmimga‘nndltmm{e@(l caftbhydraterdegizient glxremptobh et

al., APM S 102, 23-27 (199 0134 A r.el at ed for of
Thi s | meoRkime's SRiiom, FoREchise ATy P el R o aertR, STl RS
respons%m‘f’@ 'dYs%Qse' Marﬁe%tsﬁ»s of 4SndiOmk, méthSiametié 1ot sbropkﬁeeelezagus-

Schl egel . I'mmunot 5, 3856- 3865 (1995). GVH
pot 46t | anelgbmeuams@sdu&ﬁm dISh@E, pricaueletednonditions s §gila;élrswe) and other

S e e e R R

the rec'eﬂbcﬁﬂhlom-@eﬁﬁ&@ﬂ)EM)t&GSpﬁi&l Ebrd@ﬁjtzry)brtiisedsea and liver are
frequent targets and may be destroyed during the course of GVHD. The

di sease gy enﬂ&r@&e%ﬂs&g dsda¥e FBUELS thab EADbLIBMEE SrullyThesedibiasssin virD.
bei ng transpl anted, such as in bone marrow transplantation; but 10

| ess se\Rer exdvHE) dmaaalahedelbmhldﬂépbﬁfﬁéﬂﬂilmﬂ@i Wer cases as wel |,

i ncluding heart and liver transplants. The therapeutic agents of t he
prezant invention are used, inter a a% o0 block activation of the
don -ceIIstherebylnterferlng W't e|r abllltytolysetarget
cel I s in the—-hest—{8435—Afurther—use—of—tte conmpoumds of TS
invention is DideadeiMbded tunor netastasis. 15 Séypesied tunor cells have
been report edto—-express—-A4—and—eorpothas—mhtch—btnRd—vEA4 Dl ock
adhesi on of spalp cells to endothelial cells. Shdiwbaekgeineapig, (Ira
Res. 23, 175-83 (1995); Gosz et al., Int. J. Cancer 60, 867-71
(1995); Freed lifloligbdendtivte iEMOG) 47 a2 (1994); Okahara et
al ., Cancer Nﬁﬁcéﬁ@gbzw 6 (1 g9 4). [0136] ?Afurther use of the
conpounds of I's itnventionis in treating nultiple sclerosis. 20
Mul tiple scle i | ogi c t ol mune di sease
that affects gﬁl%e%%r:‘l& émsrng(gfgﬁgg%éﬁfyc?ﬁ'ﬁ%g%&mn ng}rlm%llﬁ’g in the UUnited
States. Multiple sclerosis is thought to be the result of a specific
aut oi mmype47]earid lﬁﬂstlcbmﬂdmmdbnqedmamg d1mak®myn1dap]atsclamslsa(ﬁMSi’ hibuf meny

t he dest t f I th | at t.h
1 ber s athoranctaalisnd GRUANMORy Sl iR Sratry o AnorhE! RSk Rish
ant | bodiys 04 LEENRTIARTAL sk e Yopdi Ry ShERoOH nbbfgkeshio

adhesi on of ocytes to the endotheffum and revent
25  significant dlsablhty in most cases. There are approxunately 350 00 cases of MS in the

United States alone. Outside of trauma, MS is the most frequent cause of neurologic
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30ed. (1985). [0138] The anmpbunt administered to the patient wll
vary depgpghsigibaes What is being adm nistered, the purpos@ssior/hée2s
adm ni stration, such as prophylaxis or therapy, the state of the
patient, the manner of adm nistration, and the like. In therapeutic
appli cati ons, conpositions are admnistered to a patient already
suf f er i rdgpabilippninceadyseadddle adathomdount S5sufficient to cure or at |east
partially arrest the synptons of the disease and its conplications.
An_anourno148je qhaicaudefads dyst it be ﬂdftelsmned ctdSnmelmraser'Mel:iéya:hmnm: cally
effective dose," Anounts effetlve use w || de end on.h

di sease ifimmetions derayelination andalions giryin Y aHQR g ABFRSUSHD o
attendi ng iﬁi‘)e'&' ﬁbaﬁ 9&@&@9& dﬁﬁp&nfdgﬁidﬁr %§M@Q c@iduchbn m&mﬁﬂesof
the infla ‘Fl e, t an eneral condition of the

pat i &nt mclﬁﬂeesixd;vedmcohak@ndmﬁdm miaéaieecmmdusutmmm@ckatpgtmpmam theamesenge

del ded
ooy opr ok Righive ot Rue ARy HeBEOr e op A e ko BlosGR Wi, paive
(see, fQbn@ARR b EnorHEaRSY 1ncﬂd@ect3ﬁ1@ﬁﬁ?@l@¥géiﬁfdtﬁ)ﬁ dpehtahB&usly or following
Phar naceutical Scientist. Tecl nbm c Lancaster, PA 1993

[0139] Timehaioq)stressiand sbnetmahi’ @p@-feuc”thswwepalpnwﬂlﬂHWKmﬁ he form of
phar maceutical 15 conpositions described above. These conpositions
may be $0519]| iTexdlshbsactive egainst omadin praseing, cither wyelinchasiei protem MBPhety be

sterile fi tered e res ueous _sol.ut | for

usells maye 18&’“?%%& Tof@ﬂ%{‘%"?g’ﬁ?ﬂ? syRvgd 9@%@%&?%%9@%9%%5@% i ned

V"‘ th a §kﬁéﬁﬂ1&1tﬁ%‘ll€%etfe@f)ﬁdl@rh yélitisO Patignte HiNe il st Yeah bbservddiib4aying
npounds” havi ng the desired biological activity may be nDdIEIed as

n ec ess arei,eva@dtl@fe!ﬂrtlf\ﬂlﬂﬁ Hﬂ@@nﬁéﬁblﬂtﬂé&} It ’é@@@ﬁ!@%%blle thatt s of the tissue
h
Do v atraREt PesyeaiF s, Binodip by ERokinérpheR athbifvated Teclle

appl i catmhf@aspha saﬁla}smqyt@;an be assayed in a variety of ways such as
by neasuring the half-life of the proteins during incubation wth

pepysdaggeps@r B’g gmwdlagﬁfsednmﬁmg nbe R0 9éars wtdr opsettofiiliness.
stablllty assays have been descri bed (see, (%ga Ver hoef et al., Eur.

J. Drug Tietepies fooRrzaging ¥ inelude: (1 baertment(zimedst magificytippf thergigease

t her apeuti c dosage

vary: oo dopPgepiRe ety SRR iteRhidd rdiReER o |RaDich Hboi¥eston of
t r eat menke Higed¥BAR) trédi@ciiolliRe syhptatisiofi MS; r(&lprevermbn ahétreaiumnmﬁinedlteé
heal th and condition of the pati ent d the ng . of ;

prescri sompliptipnscand{(4) P@Paﬁﬁﬁ‘%?@e‘@%ﬁry Pﬁrﬁ%{{?ﬁ%@%mw ¥ ati on,
the 30 dose will typically be in the range_of about 20 gig to about
200(20g| dops] kThedghsetmeSwayélegmmatm@TS@rT&M%@B’@E?auﬂ@ajp it &P 8858 ut
500 jig, r nfer i am
bo dyj ngr&%ﬁca‘f affert glﬂgéréag %m%)gggxln*)gm{SQn Hc@él&ealﬁ'ﬁg% |9 BEfnofd 188,

range or II’] ranasa mnistration are

gener al Ivys@pmuh-l@ dlueng optic ﬁeufglspganswylcﬂmmmamdmd&plmaghﬂ ataiidf. litei opmrse
doses can be extrapol ated from dose-r sponse c gls derW?@f om.in
vitro oro dmeﬁ@lm%b@“aﬁ@@ infg {hrgggenesa [cétfﬂ?}esﬁﬁéﬁ onic

i nvent i IR é}ﬁf)@ t d b Se@lchOdtacky
a401, aﬁjg %&%’3‘% I nt Zhﬁcﬁ‘f’ cfgfrsg%\‘g Hc%%ﬁ%%%gi&éo th?sel nvent i gn
ar e 28| s ofuseroldgic (bysﬁprcdmﬂn M$attasks genmllsn avglvelnwesdays towseksdindonaches
or diseas duced t he blndlng of these

e
Fespect 100w s Ok SETDIEy Bfiskof TR BUHERY: R RCTY O LSRR GERTT DL oM e
conpou “%]uﬁﬂ %e%QM%%{zérhpzﬂémﬁ@ iohi 8 geﬂ@omﬁwms: anhfghueRty foind nhi bi t
i mmune ce mgration fromthe bl oodstreamto the central nervous
system |mcd\d&5yma§tmedm;2bbm0me multiple sclerosis, or to
areas which result
[0152] Chronic progressive MS results in gradually progressive worsening without

—1

30  periods of stabilization or remission. This form develops in patients with a prior history of
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in inflammatory-induced destruction of the nyelin. Preferably, these
reagent s whhpgahbiiggmune cell nmigration in a nanner thatpChiisRiot/s62824
denyel i nation and that further may pronote renyelination. The
reagents nmay al so prevent demyelination and pronote 15 renyelination
of the central nervous systemfor congenital netabolic disorders in
whi ch i mélaﬂ)ﬁﬂ@MSmglthoughmzﬁ%ldfspaaérftmm relapsed earebopnaiad. yeitd relaphesat h,
mainly in the ONS. The ents. preferably also reduce paralysis Wnen
adni ni s @Y escwr yTH; ggg{'%sggpglprﬁl s induced by a denyelinating

di sease or condition. L0144 Inflam*ra,to di seases at _are included
for tred0HBht Psﬁ“@f@“@é?ﬁ?é%@‘feiMﬁs Inastyve, & %F%"tﬁl'rﬁ%f"dgﬁfl’f&ﬁ?sneﬂf Wosed

her ei n 'dgﬁluﬁdoq’ vgﬁg'lﬂF i{a!gﬁ Fét?ﬁﬁeﬂt@kﬁh'lﬁ‘&t&é’m'a'n%ﬂic? Ristory of
Hi st ol ogrca in a nor na ies are elther denyelinating or
dysnyel Irﬂ&;ﬁsnrrgMSDerryel ination inplies the destruction of myelin.
Dysnyel ination refers to defective formation or naintenance of nyelin

resul ti njg154] oiskasé vnaté 3nlsfdcparaicot orgihd apelobiby petient PFef @waailoﬂw t he
conp03|t|ons and net hods dISC|O ed herei e,.25 te

oy Uitsible BroBetn dhato s IEcluda Sy AR Ac LR STADPOR. AFIets Sapeh
renyel | Q?& ﬁlﬁﬂﬁ reéa‘glgdltd'iéaﬂﬁ{ty g?@ﬁgﬁggr (ﬁfsetc F k@SS SR PSR i L& sdRited

treatmnme de meni n lTti"s, and splnal cord |njur|es
and condiith ol agerme‘mdtyz wagcmmm@utee) mmbgmmvmua@ Thessvareblss an

fl 0145] Th d
cocifal 1 eg&q%é ,ﬁéch,cm{; SN ERSe vl a3RATATE, T

condi ti WS yaﬁéﬁ%h%ﬁﬁbmgﬁegwbemqh ufiallydoe tdhogrssise and
condi ti ons oI vin ellnatlon i nclude, but are not limted to,

mul ti pl @awlagtm cglp.gnplgm@axab@s) ReL e Iglqyesa@quépgth@ém@entmn, patients
h | k t PK
Gaucher i greedly D et VoS B il SR o BB PARe Tl ind SRRRRG stece

| eukody gffiiniisease.t hat inmpact the devel opi ng sheat h), neuropathies
wi th abnormal nyelination (e.g., Guillain Barre, chronic immune

derr;igl | 9i43)9 S?BM@@H uePst Athef @r%cortﬁ:offubiblhbﬁﬁ@ie &2l dph, coMidostefoddsle. 2.,
Mot or Neuropat y (MW), anti-MAG (M/elin-Associated @@ycoprot ei n)

syndr onm,ral@&dﬁlso(l@ar intravensiug encthylpredeiselpre)ds the oal espggific thgrapgutic
Polyneur at hyf%)%é/ r@%ﬁ%ﬁt@gﬁtﬁaﬁﬁ%e%de %fﬂf&dy syndronme, anti-Gw

ant i body™ yneur opat ganorregal Y,

Crsot| 00 L5020 AR B R B0
anti - GD; h@r@f&h‘t}e&dya, aud BopaFone” otderly hﬁiﬁﬂa%%ﬂdﬂabl Thbséehlge drugs

caused by t he adm ni st rat| on of chl oroqui ne, FK5 er heX| i ne,
pr 0@Ai nanivdbeenahdwaitorsigdifisently tadhes tha svlanse rate pf &@rﬁl@as% athesg drugh are

conditi Onﬁggﬁg@ﬁf{e{e |1u%dﬂ?1/%§}§}rl§o(il%ﬁﬁc%a%%u ycoprotei n, Cockayne's

syndr one®® nat'rng, congenital rruscul ar dystrophy,

Farb Va et
eukody 0P8 Roweier nedger SechiproRuitan e uiSeh Al Bl faton e
prion r eil&{e‘iﬂoﬁﬁfég b LIf\%s srRthnsels! r@m?}él&ﬁﬁﬁﬁbr ﬁbﬂdcé%tﬂa@ﬂyﬁﬁ nDed aspadtiofig

condi ti ons .g., meningitis, encephalitis (also_known as acute

di sseni rthe eﬂemmmeqmaﬂmpiweﬁ trt:atmg M@w}h agsntsglisclnsed berel qithpslgne orin
di seases. [.0146 er ar e I dels that can be used to
?3 1 tlg AE‘ ot or sv?rvlalacf iig?é 1"&?16& &qaﬁﬁe@

stu 0 rexanple, ani mal nodel s |nclude but

qui nea d%%iﬁ@cﬁ@ eI BTGRP o ar Rt et Ao oy

TNF-a tr ARy eMifionQs8élicvkd ‘f’@ﬁé/@ddsé‘ﬁy (I)Q%iat@@to vessel structures (2) deletion of
oligodendrocyte-2 astrocyte progenitors and mature oligodendrocytes, (3) deletion of

I

neural stem cell populations in the hippocampus, cercbellum and cortex, and generalized

30 alterations of cytokine expression. Most radiation damage resuits from radiotherapies
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[0147] The nost common denyelinating disease is nultiple sclerosis
("M5"), R 6BAY¥18% her metabolic and inflammatory di sorglefgsicadbdzbad N
deficient or abnormal nyelination. M5 is a chronic neurologic

di sease, which appears in early adulthood and progresses to a 25
significant disability in nost cases. There are approxi mately 350, 000
cases oOfadMmisteret dariklp tHeatbaBheaiit o cataim eancest Sedforagview Betka, ez WE, 2001tBre
nost fregquent cause of neurologic 42 disabili tl%bl n early . to mddle
adul t hoddCapagr 88 [2pRe). cHawevessafjation exposure mnayealipheamissuefor fiopauts
char act e LORI<G, ) L Of; [ [ TS
(scarri COpBOBIEOF AR Bk ER AL alGBH R, Al L T ve
ef f ect s rafiomXiogaibstannelict i on. Positive conduction abnormalities 5

i nclude sl owed axonal conduction, variable conduction block that
occufgs i[ms9ne ThessSernditionk ahd gisedsas amatsolcomtefnpbaedfoc pallintivesr of

i mpul ses or, caonpl ete conduction bl ock. Positive conduction

abnor naRmeligr@ting HE}fE¥DSet opi ¢ | npul se generation, spontaneously or
foll owi ng nechani cal stress and abnormal "cross-tal k" between

denyel i nated exons. [0149] T cells_reactive against nyelin proteins,
either myelin basic protein (NBP)W%I in proteolipid protein
(PLP) have been observed to nediate CNS inflammatign in experi gental
al | er gi d0H9L e PhgIfollgreinesyrthetipanddielogical cxamIpss ap ersﬁb%li@ te s

havi ng s bR io? tHid frivRRion.
possi bl Zﬁ‘%ﬁg{fg‘bdrr@égl §tt°(r31Jee T ssu%gﬁg@pg%gglrn\(/ﬂe%}l F %é%g o?gﬁlkrjr{edi atoéld by
cyt B n@Jrdese dtleiwisebtatedi all tergedrafureshesn degreesofitisige sinahe axampley/baiew,

15[ 0150], Today, 80% patjents diagnpsed with M l.ive .20 years after
onset ot laving vprnssisns beyhe SHIRRGRBBeHREh of BB IPHRR B4Bhent
ainmed a i bt 9enRhiy NReslk S BRA/INEOUr S€, including treatnent of
acute e?ggg%athﬁgn gnd di%ectelgd to Iofg]g-term suppression of the
di sease; (2) t r eatgrent of the syrm{gg

al ; 14) managenent of secondary
h@honset of M5 may be

treatnent of nedi ¢al conplicgatio

per sgnal and soci robl ens. 20

draratic or so ml ‘Ags to not ca & P seek nedical
attention. The no& common sy npt b ?1% de. weakness in one or nore
l'i nbs, visual blu®fing due t© op ublg croeﬁets sensory di sturbances,
di pl opi a and ataxidd. The codt se ¢Poubstofgquatciny be stratified into
three general catdgoitétes: (B reldepblieef sertets( 2) chroni c progressive
MBS, 2and (3) inactDMFMS. Rel=apsi ngmdBylfermumidact eri zed by recurrent
attacks 25 of neumBdspgi ¢ dysf unctThenrlosdds attvhivhithe desired a¢spynsenio present
over days to weekgg@syl may be fol | onwegeliencefthé posulatipar ti al or no

recovery. Recoverygiitrom attacks W@Hlaﬁiﬁ’&&%ﬁceﬁbhﬁﬂn weeks to
several months fragphhe peak of Laime al though rarely sone

rec%ery may conti for 2 or nygars. [01521 Chronic progressive
M5 results in gra y prog;essit%{gthmﬁl%ﬁi ng w thout 30 periods of
stabilization or ssion. This r v<—i-,|o s.in.lpat'ents with a
prior history of | apsi ng Vs, A i%ﬁ“ﬁ?ﬁgn& ients, no

rel apses can be rdehlled. Acute r'éY: (eXgitaten ( during the
progressi ve course& = a

f M5; (3) prevention and

Lar—;

gram

30 HBSS = Hank’s balanced salt solution

HEPES = 4-(2-hydroxyethyl)-1-piperazinecthanesulfonic acid

HPLC = high performance liquid chromatography

hrsor h = hours

ICsp = the concentration of an inhibitor that is required for
35° 50% inhibition of an enzyme ir vitro

in. = inch

ip. = intraperitoneally

i-PrOH = iso-propanol

kg = kilogram
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[0153] Athird formis inactive M5. Inactive M5 is characterized by
fixed ”6%5@9}16119?“ cits of variable magnitude. Mst ppet/eRion7/md28%

i nactive ave an earlier history of 5 relapsing Ms. [0154] D sease
course is also dependent on the age of the patient. For exanple,
favourabl e prognostic factors include early onset (excluding

chil dhood), a rel &psing course anierbittl e residual disability 5 years
after onset. By couymgst, peor phpgidhkemitsgrapisgmass gdctrastbpya | ate.
age of onset (i.eq age 40 er ol ggjiipend a progressive course. These
vari ables 10 are it erdependent, sghd€eedd§ ONi ¢ progressive M5 tends
to bsgin at a | at age that_rel ing Ms. Disability fromchronic
progressive M5 is_ysually due torﬁlﬁﬂ{,essi ve parapl egi a or

guadri pl egi a (paré‘f is) in_pati eni)s. In one aspect of the invention,
patients will pre ably be trea wnen the patient is in rem ssion
rather then in a P&FPApsing St age WEHHE di sease. 15[0155] Short-term
use of either adr&HBcorticotTopi dABCAone or oral corticosteroids
(e.d0, oral predniglone or i rﬁravéﬁ!@@lﬁefﬁet hyl predni sol one) is the only
speci fic therapeumm neasur e for mitliaeterdsg patients with acute

exacer bation of MmM[0156] Newer millénalpi es for M include treating
the patient wth infther f er on =bet a-thitlimoles er f eron bet a- 1a, and
Copaxone(r) (fornmggbymknown =as caopidiigsel 1). These three drugs 20
havgsbeen shown tqgrppgni ficantly mapuaetbigldtdrapse rate of the

B
di sease. These dr E\ﬁozselzf-ad%&isg 886k dafibr amuscul arly or
subcut aneously. [ '?? wever, oof the current treatnent

nodal ities inhibit demyelinati on, .l one pronotes or allows

spont aneous rerryelnignati on or_ reducggéraar al ysis. One aspect of the
“\Rjef‘

i nvention contenp™tes treatlng Vs 30ent s di scl osed herein

eit B8r alone or | NMR conbi rfati ol Wﬂgﬁ%r%sf’g%ﬁrd t r eat ment
nmodalities. [0158BRadi ati dh al ﬂoéﬁﬁt‘? fEd BaRS el i nation. Central
nervous system (CEBStthoxi ci ty duPBOwith@pisinband Bagnesiidyed to be
cause by (1) damagpnto vesset st rpacspeewillige) del etion of

ol i godenci rocr e- 2 g3kt r ocyt e spr ogewiunds seraguaredchr e ol i godendr ocyt es,
(3) del etion of ngusal stem=el | peppsilaéraiinSby month, inclpgescaaigryage
cerebel | um and cor(f ex, and gener addagteid 30 alterations of cytokine
expression. Mst radi ati on damagegfgseitlagobfiom radi ot her api es

adm ni stered duri r@qt he treat nent, %B?'Eg'atcﬁir'@raﬁ@%fﬁfsﬁaﬂc&?'ﬁ*&vécléﬂbi evi ew

Bella et at, 2001 Br. J. Cancer 8b; . LBk
expqsure may al so be an issue forS%?)StO{lﬁédlﬁ %e %13{%;8?'5 1994&%\)dv.

Spacl Res. 14: 43@% as wel | as® event of exposure to

radi oactive subst dh8ERT 5[ 0159] TROVLHBHANST ons and di seases are

al so contenpl at ed Reor pal I dti ve BEIHMRIMSr at i ng treat nents. EXAMPLES
< 2

= singlet
t = triplet
35 TFA = trifluoroacetic acid
THF = tetrahydrofuran
TLC = thin layer chromatography
uv = ultraviolet
wt/wt = weight to weight ratio
40 wiv = weight to volume ratio
Hg = micrograms
pm = microns
pM = micromolar
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[0160] The follow ng synthetic and bi ol ogi cal exanples are offered to
illustra I.S.inyvention and are not to be construed i

limti ngt‘fﬂé&g@gbggof this invention. 10 Unl ess otherw gg?@ gj}(ﬁ@éﬁﬁ%ﬁ I
tenperatures are in degrees Celsius. In the exanpl es bel ow, the

foll owi ng abbreviati ons have the follow ng neanings. If an

abbrevi ation is not defined, it hagzhimpiegenerally accepted nmeaning.
A=Angstrons br s=broad singlet 15BSA. boOvi ne serum al bum n d. doubl et
dd=doubl et of doubl ets dg=doubet of quartets dsextet=doublte of
sextets IZGDWHI“n%ft(ﬁ}rﬂf(GQMﬂémﬂlﬁfﬁ'ﬁTéWB&m@@eﬁmm%ﬁ“@‘ PH"éEVﬁhé‘d
response is préyiaminod3-@cprriodidinet-carhonglosyinhenphpropanoic acid

EDTA- =et hyl enedi am ne tetraacetic acid EtOAc, ethyl acetate

25Et OH=40Hehol Thetsghtheti¢ protacol emplegedmixamyile hig ansnariged de Sehiemeih nm
EX. wavel.engt f,excitation (in nm g=gram 30HBSS=Hank's bal anced
sal %sollﬁ‘fﬁga{]?d%elow'

0 N: > 1) P1O2, Ha, 60 psi, o M )
NS 701' 5% H,0 In THF AN e
0

| ———— '\IJ‘}N

%N °\|< 2) 1.5 eq. Acelone, K%\N 0

H 0.25 eq. AcOH, H

No, =~ © EIOH, H 60 psi, HNY 0

q . CasHaeNsOg overight C2qHayNs04
= Mol Wt.: 528.60 Mol. Wi.: 540,70

[
(LY

MESOZCI,

pyridine
0°C-RT
0. _-N P N O. N
NS & ) N
A 0 N 0
N" =N 1, HCOpH, 70°C [
\7 “~TINRT e
N COH  HCl ' N \K
~ IN H \S/N Q
d;q‘\o \r A do Y 3 CapHiNgOsS
C26H33N5055 ’ Mol, Wt.: 618.79
Mol. Wi.: 562.68
Salt - CzaHggCleOss
Mol. Wi.: 599.14

Scheme 4

[0162] In Scheme 4, compound 4 was prepared in a three pot sequence from the 5-
nitropyrmidine compound 1. The synthetic protocol of Scheme 4 significantly simplifies

10 the preparation of this compound by one or more of the following:

1) asubstantially accelerated nitro group reduction step;

2) astreamlined reduction/reductive amination sequence that is performed in the
same flask with the same solvent and the same catalyst, so manipulations are reduced and
exposure of the oxygen sensitive products to air is minimized,

15 3) the conditions for the reductive amination step minimizes generation of a bis-
isopropylamino pyrimidine side product thereby eliminating the need for a

chromatographic purification of compound 3;
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HEPES. 4- ( 2- hydr oxyet hyl ) - 1- pi per azi neet hanesul foni ¢ aci d HPLC. hi gh

per f or rrartfgzbd.,ﬂyhgschro_rm_t ography hrs or hr.hours | Cso=pEeus2007/062824
concentration of an inhibitor that is required for 3550% nhi biti on of

an enzynme in vitro in..inch i.p..intraperitoneally
i - PrOH. i so-propanol kg=kilogram liters |iquid chromatography/nass
S DGCLF oscopy 4W‘dd)ﬁdiﬁdnfsltalre Féﬁdﬁb@i wherebpit isgdsaible toiputifipthe nordol i gr am
megahertz mnutes ml]jiliters mllineter mllinolar. mllinoles
T 1 | 05 HOPTaR{ARpROREHEIing e HiRtentRsipouad & GEITRHRR BF tHE CARPSPORGAG
granms n3NANELEA salt (though the need for this discrete purification of compound 2 also has
been rendered unnecessary by the improvements in the reductive amination step), and
5 5) conditions for the discrete purification of compound 3 by crystallization from

MTBE-hexane or MTBE-cyclohexane have been identified.

[0163] In the reaction steps of Scheme 4, flash chromatography was performed using a
Biotage Flash 75L, using 800 g KP-Sil silica cartridges (32-63 uM, 60 angstrom, 500-550
m?%/g). Rys are reported for analytical thin layer chromatography, using EM Sciences Silica
10 Gel 60 F(254), 250 pM thick plates for normal phase. NMR spectra were obtained on a
Varian Gemini 300 MHz spectrometer (300 MHz for 'H spectra and 75 MHz for Bc
spectra). Analytical HPLC was performed on an Agilent 1100 Series HPLC with a
'Phenomenex Luna, 3 pm, C-18, 30 x 4.6 mm column. The detector was UV at 210nm.
Solvents were 0.1% TFA in water and 0.1% TFA in acetonitrile. The standard flow rate
15 was 1.5 mL/min. and the standard method was named M1 with the solvent gradient
changing from 20% CH;CN to 70% CH;CN over 2.33 minutes. An alternate method was
named M2 with a flow rate of 2 mL/min. and a gradient changing from 20% CH;CN to
70% CH3CN over 1.75 minutes. Method M15 had a flow rate of 1.5 ml/min. with the
solvent composition changing from 20% CH3CN to 70% CH3CN over 10 min., holding at
20  70% for 2 min., then ramping to 95% over 1 min. and holding at 95% for 2 minutes.
LC/MS was performed on an Agilent 1100 Series HPLC with a Series 1100 MSD with
electrospray ionization (unless otherwise indicated as chemical ionization). The column

and conditions were matched to the free standing HPLC.
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nucl ear magnetic resonance phosphate buffered saline PBS with
cal ci um kum parts per mllion pounds per squ |
: zﬁ‘iﬁ%l tres parts p P P 9
0s, I|te3‘g Iy ™0y mouth", includes oral gavage quartet gﬁ?ﬁsg@@g{%h
anount retention factor (ratio of distance travel ed by
substance/ di stance travel ed by solvent front) rotations per mnute

room t enper at Ursgep £ PRépaatibh O (S)M-(Wie@i-butoki{2-@(didthylanfingpset i C

acid tet rahmbﬁwmih ; 'ﬂiJnmiﬁm-ﬁahﬂmtsz_ef@ﬁbysynyﬁém}syﬂlgﬁaim-g ht

to weight ratio o volu u gy ograms micron
m cr onol ar Teab 6 yhat

P T o N:) 1) PtO, Hp, 60 psi, O _N
i hig 5% HpO In THF NS N j
;\i N o 4 hrs '\| Sy o
7 N Oj< 2) 1.50q. Acetone, H/LN o)
H 0.25 eq. AcOH, h \]<
NO2 ° EtOH, H,80 psi, HN, - ©
1 avernight | 2

5 [0164] Nitropyrimidine-carbamate 1 (100 g, 189 mmol) and PtO; (6.33 g, 27.85 mmol)
were Suspended in 360 mL of wet THF (5% Hy0). The mixture was stirred at room
temperature under hydrogen (60 psi). After 3 hours, TLC (50% EtOAc/hexanes on silica
gel) indicated complete reduction of the nitro group (TLC analysis on silica with EtOAc
showed Rg= 0.2 (streaky) for the amino-pyrimidine and R¢= 0.86 for the starting

10 nitropyrimidine-carbamate.) In this regard, the use of PtO; for both steps in this two-step
process permitted a one-pot reaction with that added feature that the rate of reduction of
the nitro group was dramatically accelerated. In any event, care be taken to minimize

exposure to air/oxygen as the aminopyrimidine product is prone to oxidation.

[0165] Ethanol (200 mL), acetone (21 mL, 1.5 eq.), and glacial acetic acid (3.0 mL, 0.28
15 eq.) were added to the aminopyrimidine solution in the hydrogenation flask. After
evacuating and purging, the flask was pressurized with H; (60 psi). The reductive
amination was allowed to proceed overnight. TLC on silica using EtOAc as the ¢luant
gave an Ry= 0.41 (streaky) for the isopropylamino-pyrimidine and an R¢= 0.11 for the
starting aminopyrimidine carbamate. Both TLC and LC/MS confirmed complete reaction
20  with virtually no bis-isopropylaminopyrimidine produced. If necessary, HPLC can be
used as an alternative means to monitor progress of the reaction. The crude reaction
solution was diluted with EtOAc (1 L) and filtered through a pad of basic alumina (400
mL). The alumina was rinsed with EtOAc¢ (200 mL) and EtOH (200 mL) and the
combined organic solutions were concentrated in vacuo. The flask was vented under N».
25  The viscous oil was redissolved in anhydrous toluene (700 mL) and concentrated. After
venting the flask under nitrogen, the product was dried again by azeotropic removal of

another 400 mL of toluene. A viscous reddish-brown oil was obtained.
[0166] As evidenced by the LC/MS, very little bis-isopropylaminopyrimidine carbamate
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WO 2007/ 101165PCT/ US2007/ 062824 Exanpl e 1 Preparation of

(S)-2-( 2\?6%@?}131 @& no) - 5- (N-i sopropyl net hyl sul f onam dopgy/iskivetivérs24
4-yl am no) - 3- (4- (lpyrrol I di ne- 1-car bonyl oxy) phenyl ) propanoi ¢ aci d
[0161] The synthetic protocol enployed in Exanple 1 is sunmmarized in
Scheme 4 5illustrated bel ow Schene 4 [0162] In Schene 4,
conpound@mgunisvas peadiced with tmstpkaeéurpcas compared teeprioransthéds \5herein the bis-
ni tropyrm di ne conpoynd! g g/nthetl.c r ot qcol of, Schene

si gni fi é%’];ﬂ%z’ aé‘}i:‘ﬁlﬁ lPV’fliné‘gnﬁﬁa jpaatg F@B‘%ﬁ‘t&rg eafrerpwfag b7 698 af‘f’ungYOne
or nore of the follown 1) a substantiall ccelerated nitro
group rdOLEFA i dha faresl Pul‘?ﬁcaﬂOQPfﬁeﬂ?@aﬁ?ﬁfﬁéﬂa@&ﬂl{)ﬂa % Bve

am nat | 99 ui? B4t ms&@&lpit?teg ﬁﬁmﬁﬁgtﬂep a% g (EpiRtatit §§H gﬁft b ﬁﬂﬁaﬁ:ﬁ”ﬁ

sol vent aq‘] ’ne sa SO nmni ations are reduced and
exposur & gthalt-bealosagaie ﬁﬂlmsust i(5.69 gr Qﬂjﬁ%tyseld)aLé]aﬂans aciil §1.A42 ghwas 153)

of Ca bl Slssp ey TE (45 TP 1 Thechol Brir eo ShiRn Nen el 0 T RERF 1R,
the need r@ &)Iy‘i’angh W&h@@%q PHUThé | hﬁﬂhi'&ﬁaﬁmﬂ@@&%‘ﬁdm@eduntﬂ 4)

conditio ed wiereby it is possible to purify the
noNoi somonmgémumo'ﬁlye sq’mfcmrﬂlanmdeﬁrm@lrdq-wlrpbdﬁpdah@ tan. Bhe solption was on

of the corre L-tartaric acid,salt

di scret éO’b‘EPPf“ﬁe@é’H’ ode gbvc?r?pt%ﬁﬁmz A ”]n IHg‘gens %Jelﬁri g‘ﬁ% upBh ofifig®
unngg@es Sadsbhbdrvéd ETHS PR GRIXAIRE Svab Boridestrated icidcue. Avttond (~20 nsL)eqmy, themd
55) conditions for the discrete Purlflcatlon of co ound

cryst al lethea(+290 mEbvaavaidied randshe fasmatinmpet & gy ol MAROORTR. The

| dent i fi e‘d%%y%.ggénceﬁh%t@@forr atﬁﬁ'& fithe> 'I\Eé?(ﬁ;)(lgﬁe §ﬁm541’0 &L?%S added

chr o_rrat or med usi ng age Flash 75L, usi
KP- Si | gblldwed ppsther (686 mI()32x 63 pgédlplﬁﬂb wmsgdisemﬂ t@ﬂ@nﬁm@emmg)a bnghg

are reported f | yt thin la
So1 encorameeiriak SpomalnsoT ke Deste BSGETH pRAPTEH B Wb i) cther
phasg. NRTHGAE Hftn'YRhin iRk @hﬁﬁ’ﬂré)(aég mL) of acetone and ether (1:1). The

precipitate was dried under vacuum overnight to give a cream colored solid (4.9 g, 76%

yield). A small aliquot of the solid tartaric acid salt was dissolved in i-PrOH and EtOH

and passed through a small plug of basic alumina to give the free base. The aliquot of free
base was analyzed by TLC and LC/MS. The remaining salt was suspended in a mixture of
20 CH,Cly (250 mL) and 1N NaHCOs (150 mL). With mixing and some bubbling, the solid
dissolved and the free base amine was extracted into the organic layer. The aqueous layer
was extracted once more with EtOAc (150 mL) and the organic extracts were combined
and dried over MgS0y (~150g). The dried organic solution was passed through a plug of
basic alumina (~100 g) to give a light pink solution that was concentrated in vacuo to give

25  atan/pink gum (3.28 g, 64% yield from starting nitrocarbamate).

[0168] Several other acids were investigated in an attempt to form salts with the mono-
isopropylaminopyrimidine carbamate 2. p-Toluenesulfonic acid and methanesulfonic acid
gave oils. Solid salts could be formed with HCI and H3PO4, but tartaric acid appeared to
give the most favorable solubility characteristics. The HCI and phosphoric acid salts

30 seemed to dissolve readily in a CH,Cl,, i-PrOH, and acetone, whereas the tartaric acid salt

seemed to be mostly insoluble in CH,Cl; and only partially soluble in the other solvents.
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4

Varian Gem ni 300 MHz spectroneter (300 MHz for 11-1 spectra and 75

MHz for 'we80%0ifs) - Anal ytical HPLC was perfornmed on @&Tﬁﬁhb(ﬁ)&hsu

1100 Series HPLC wth a Phenonenex Luna, 3 gm C 18, 30 x 4.

colum. The detector was UV at 210nm Solvents were 0.1% TFA in vvater

and 0.1% TFA in acetonitrile. The standard flow rate 15 was 1.5

m/mn. and tSeeps2:aPReepatativh bDEEE-teatrbatoki-242t (didthglagtiha)eFH{N-

gr adi ent 1s6bﬁﬁﬁ'hﬁah§rlsﬁllbﬁﬁ)ﬁﬁd3)§ {aiimidin/ %@B-@xqﬁr@yﬁ?hﬁm \plyefolidiie-
me

alternate nmethod was named M2 W {Ramhd: Cl—lg%\le and a
gradi ent changing from 20% CH3CN to 70% over 1.75 m nutes.

Met hod ML5 had a flowrate of 1.5 m/mn. with the sol vent
conposi ti on{cQa ing f ora ZQ,/o CNto 70% CH30N over 10 nbn /;
0 d

hol di ng at 0% fo t helpes@0PI NQ t 0- OBV
hol di ng at QWGLNor @] r,‘gedeon
Series HPLC a

ut@s. LC/ V., QvaRsT perfor gi IOent 1100
eries 1100 ay i oni zation
(unl ess ot herwsefli n8P2®t ed as cheni cal i oni ﬁat TWeB¢ol um and

condi ti ons 8t ched to the free standing WD
2007/ 101165PQT/ US2®7/ 062824 Step 1: Pr epar atDoﬁ T

(S)- 4(3tert butox;i2(2 (,dlethylamné

(i soprod§1ei depnsonylamimopyumiding ¢asbamate f@mﬁfﬁpll)(sﬁﬁ@mﬁ|189mmol)was

71100 o8GR pERFERIRRAG P e R0 Ml e TR, od 1 n

360 nL Methatesﬂlfdﬁlyq 5H&oHﬂé)][44 thhe3 . fieyl) was addez @b syringg painpr @@r20 min. to

t enper at nde en 60 After 3 hour TLC (.5Q%

£ 0Ac) heeRid Pydins Folu Gonyef *ﬁwwﬁmﬁ CRSFHILIDE CPRoBmeLs: Fpedfs bl was
Ni tro ghoHPvdddal ROGIIVFrSwa alRwedqs v)‘éfnhho Eﬁo%e%ﬂﬁl%ﬁ‘ vJats lafloRedto stir
(streaky) for the amno-pyrimdine and It1l= 0.86 for the starting 10

ni t 10py fomdix hma'scarmibalelupt was temoved enha dunlt\h@kug wap performedi (dilutodt h

SRS | R SRR T S of RSP

dramat i qald shoxedehereatiash tolbe cafply et geneaill§ chfin (@M e dnk Spdtibasitesze
exposure to air/oxygen as the am nopyrimdine product is prone to

oxi dat i daseline sp)from Fesitiel pyrghingy The ]@f&]éf%ﬁ@l{ utipn was engeptiateds ifhen
gl aci al 6@@?@.‘. §¢ &Sﬁlﬂlté gacpbééh’coﬁec?tg I 1?180& ! on fs Eﬁjecfvﬁtﬁ %‘?OAC 2 L

am nopyri he solutron 1n rogena er eva
andi1pur @hﬁ@rg@fﬁoﬂdtﬁ&hwmashe@sﬁvhrﬂ% Bd,RO4 (11 HZnd 660 pdi)) 0.2 Mheitric a01d (1

reductive am.nation was allowed, to rocee over.n Con silica
usi ng Edosddgmekd Ly & ﬁpr&jawesoawomv&as dge virsMséﬁk@SOfgﬁ Tﬁﬁéﬂei

i sopr op)ék%ml nhgmvgaﬂn&? aPadD ﬂ%ééﬁtﬁ/gﬁ (:,Lgfe?gﬁﬁeaa baﬂblack

am nopyri e carbamate. Botir TLC an i'rmed conpl ete
reacti orso]:ﬂﬁonvl The flagkt andlsilicargsl Wewnmethﬁt@mcr(bmlr)nmbdng ehqintadjmlﬂdle

o1 0r 6o TEHRBOPREE 3 L TR talEHA: VL LEari et T Qs A MpHGH300

W t ho Et %9 t6 bive)a BRE ghdnlsBhiftidn! 'I‘h@ﬁ&'ﬂtlén %ﬂc&fceﬂ?&ié&n&a@ﬁ% NA rtddith
The dlumna was rinsed wwth Et0OAc (200 nL) and EtOH (200 m.) and

the corriglme(d%gbwmebtgmledtl ons were concentrat ed in vacuo. The flask
was vented under N2. 25 The viscous oil was redissolved in anhydrous
t ol uene [QI77D) riihe faskiwes ﬂudmdnmﬂenhirogén eappednand piacedian the asﬂdgeratd)er

t th d
Bnot her Whstripek aed oy tid ogred SRS aRERTsF SRt PROWILE ned
[0166] 'ﬁﬁal?éik ﬁﬂ%@éﬁ Rrighh ?ed-lgs@ﬁle éf)%f ¥s Wil &d ®vo to three very faint impurities.

bi s-isopropyl am nopyri m di ne carbanmate
25  The odor of pyridine was still present, The red-brown solid was dissolved in a mixture of
CH,Cl, (100 mL), THF (200 mL), and ether (800 mL). The solution was filtered/eluted
through a pad of silica gel (1 L) and the silica was rinsed with ether (3 L). Most of the

colored baseline impurity was retained on the silica gel. The solution was concentrated to
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inmpurity was produced with this procedure as conpared to prior

met hods r.el bi s- isopropylam no pyrimdine carb | ity
requi red%ﬁﬁ@@gphgg chromat ography. [0167] If a fornal gg?{[]glzdgg@%lﬁ}
of the nono-isopropylamno pyrimdine 2 step is required, it can be
precipitated from THF/ ether as the (L)-tartaric acid salt and
trituratsge o RAISHR drfeﬁ‘%é‘h%irﬁé%ﬁﬂb@oﬁ@{l!og\% that én@zea,to 89 08y piitk g%,
L-Tartaric acid (1.42 g) was dissolved in"hot THF (45 nL). The ho
tartari GIMS Bl matenial wassthemichyamatogtapbedyomsibica géld2 L) eluted with CH,Cly (3

i sopr opyl,ani,NG- L odin 5.1 The m.xture S i.~led. .an

war oo e e R eeblCE 4Tk Sy G, g T 1P B3 apR A ORG REShs

col or t EtfMiind IRELOR Wt L) MTHCHLTINER e dladre gavea A @iloftiixgd fraction §12.4
gum Ether (-150_nL) was_ added whereupon oiling 10 was observed. The
et hef nigkFractonAd angrihe pthprgluentigave atneil (A2 &t Bidetion Bhthat wagganerallyy,

et her (- : | i : i i n
obser vedorirnaioeSe BEARer A Rindlt o HERbMAR S if BB Y haif5 aRERN
chl ori derdduciladdrystultizcdo the: cohinhrovBldtidey with lethrer: THF R BtO A% (wath 5%

i pitat dto.f d t.h i ght - pi hk
P per et andires FDED iawd dieirpiat Gediave, st phRAEtRY R
‘Wi th et Qﬁagﬂtg% Eg?‘r ion A0 8n Pﬁﬂtiﬁﬂﬁi%r%érﬁbiﬁe&%ﬁﬂ élgl%et(tra@éli 13bathed

d
acet one ‘an 1:1). The precipitate was dried under vacuum
overfi gffradtion §l wes eoncertzatedsiparataly.sUponicqeegrajing 2edudyying,¢yystals Huaed

i t. lid.tartaric.acid sal I

2t Ot and® potbdfastiony et Myadiediofs i Ele SORF BnERe royielisd Bt
free baggthylhat-dliylbdbr ITBER&yblREexane Setitsdleya@r(l : )y MTEE disdarlety ovS.
The remaining salt was suspended in a m xture of 20 2C12 (250 ni)
and 1IN Isloimsxapg-bexanes. CVFE’HleﬁiFSE?WQn%ﬁd‘ﬂg@@d&IBﬁFQ Wefhgaclo) i d

i | . ! ; :

fayer. Pl OnATTBR RS SRRy Sk TaR a W R0ROTT S8 |

and 15he tetuDaith ¢ paritysas) abred Gire/mochentiguats EthoaneheriBOs Yert S00)

The dried organic sol ution, se rou ug of basi.c .al um na

(- 100 g)comn%atff‘é t%_gll"F@HPg sﬂ‘:@%‘fgﬁ?ﬂtﬂi% ¢iH. udpad vias ﬁ@f@m#%&f@@efl §2%acuo

to give ]%gt%ge 7?9&@?]8&%@?&% 49 A8r th CHACH Y1221 Yol i ReicAEd frB&ions that were
rbanat e) . 168

nitroca Several other acids were 1 nvestigated in an
att enpt then doncentsddtendwe-chystalléizeddo give ap addijionati Idapyf nurifigd tert-butiybestert e
2. p-Tol uenesul fonic acid and net hanesul fonic acid gave oils. Solid
sal ts cqoi7i] ba.d/vSegmettiod MChave=HOP@Mn., with M/Zrt 619 for fii+d] dppikar ed
to gi ve the nost favorable solubility characteristics. The HClL and
phogBhordesreddiraducki t s 30 seenmed to dissolve readily in a CH2C12,
i-PrOH and acetone, whereas the tartaric acjid salt seened tq be

most |y I[BER] udiGMSbyomethod MAS eava tp=H89 misy wish NEZ in10 for [Mpél derihe

sol vents;__. / 101165PCT/ U52007/ 062824 Step 2: Preparation of
(S)-4-( §9§%e>éﬁr§%%g'xy- 2-(2- (di et hyl ani no) - 5- ( \-

oyr For DB " RAYR S OB & bt pl Y, LSk el VAR RBA OB

car bamtﬂg%h ﬁetj Erg] 9P 137(@Se8MR 1599, WD), 1WB AN B Mﬁgzi% (BYL.TH), 29

(680 ni) sol’Uti on was ¢ool ed to 0C under N2. t hanesul fonyl
chl @si dés,(46H)rB,18%m) 2&E])) 3 dels7 frd dwerlappingsyoi apgarepifniplets 8r3ED04.A9 (sexiet

The i ce ol Hvh 0 SR 0eeSE1E0 P (T SR SHL ERIRTH e T 5 AT 3R RYS
The sol ki, 9f) Wers @ppaescid, 0HY 7,80 )] £@rH5i1H)h que SH NMRShbivs bthsieis!
was renoved and a mni-workup was perfornmed (diluted with EtOAc,

washed Wity 5% KdaRChpldted fft wdtthehipimh e intdheu iy BeMdriddPdosiis by

THF with little or no additional base. If base is used, a base such as triethylamine or

30 diisopropylethylamine should be employed.
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TLC showed the reaction to be conplete and generally clean (only one
spot besi | i ne spot fromresidual pyridine. Th

reaction ‘ggfzo@ll@?ﬁ\s\as concentrated. Wien 650 nL of di st?F?githOW% 524
been collected, the blood red oil was diluted with EtOAc (2 L). 15
The organic sol ution was washed with 5% | CH2PO4 (1L and 750 nm.), 0.2

N citric aci dstep 3:) Préjittation 6E(S)2-(2) (dicthPagiiAe)S5-INISUprbpAmetha- dr i ed
over MySO4 (1506%9) sulfogariidofsyrithfiRR4 1&9&5)@ -Werdidih@ned through a

pad of silica gel (11L) ¢ Eyg,Ag)%ﬁgﬂﬁyp?ﬁ&cggim on The flask and

silica gel were rlnsedvvl o bring the total vol une
of organic solution to 3.5 L. The solution was filtered through a pad
of basic alumna (300 20 ni) t ive a deep e<y1\sol ti ’fﬁ

sol uti on was cofice /t\rat njvacuo. A reddi s ?

obt ai ned. [0170] wds flushed with nj ;og apﬁed and

pl aced in the reiéj;ge t or wher eu;h@ﬁzHaTO‘PCed br g formed. LC/MS
i ndi cated accepta NouP?4%,  but 2 E%naly Hca%éa a bright red
basel i ne spot as,sW)éE‘ s two to three very f% npuri sices. 25 The
odor of pyridi n® %a ?I |l present. The red- soI id was dissolved
in a

The' Sol OPFER adorpis pde i3 dobtbion R SteTeder 808 Sl 2L HE A0
and t he élh Waghsaed ol 0 vetdightand ﬁien(c%nbf)ntrat‘ﬁsﬁ vaduot haltermbiivedyl the
baseline inpurity was retained_on the silica 9 The sol ution was
concent rféﬂcélénf?@lalgﬁ’bépﬁff?@&dtﬁﬂot‘ﬁagp &1 0P B r&“ﬁr nk foany solid (100
g) that analyzed to be 94. 7% pure b The materi,al was then

chr omat d§¥#heWatsn (<li00imk) was added tg %éwmd@d)rvd%a@#}eyzxw W8 CH2Cl 2

d eth L:
a0, L0 Gy o e b Gt i e 0 0
oi | 10f rwas&ﬁhslf)rv?ﬁhnd)ﬁmdeﬁﬂatéd Ewige ﬁEnahONdiCl/@S&nﬂ, dride2 08trhb). 'Eliamuduct
gave a tan oi 13 i

... Fraction B) that ner al | ug {1'
O The ressdwic el HenoGhHIE Al kicartinty Frinie YA ayenis The
desired ﬂﬁﬁlﬂ M
et her: Tl—flﬁétﬁﬂg&1 Eit ‘S%ddl? 'ﬁ?%tgg&'?% ng@%%Eﬂt OH) O}AII@I gﬁm%gﬁlﬁ#e&%rsgaaug? to
r edi ssolfien dredlask ané diied fothe satuuat eenpivemigE(GEC, dhinCHg tagtvethe A and
Fractio d c entr together. 10 Fraction C was
concent &ﬁ’%&’é‘ﬁﬁﬁ%@?&c}'ﬁﬁé@%@ 3§t ig and drying, crystals
formed i - {40pSoRdiag-1t hat the solid
coul 1£b @%ysta ﬁmzfglg from nehﬁﬁmm ert c%ut(l et her (MIBE),

cycl ohemﬂmpybvm)@hemné)mm@(nmclwd E—%ﬁ)‘?&ﬁ%?‘t@) cycl ohexane- hexanes.
Conbi ned Fractions A and B and Fraction C were each recrystallized

f r om MIBELTE X dH@M$ by giethodt M35 geve tr5li09 Iminsvith MBZas5G3. white sol i d
(57.75g 15 total with a purity >99% and red filtrate/ nother |iquors.
The not HOL78]i QUOMS B hestied M@ davatyed 43anipi withMZed563.1 (24 g). The
not her |iquor oil was chromatographed on a Biotage 75 and eluted wth

4% THE i nlﬁf%%m&%c@go@ 300 W', e .0 @S} & 6'Fz, i ), ver ‘Qd]'ghﬁ@Hz,
concent rat and re-crystailized to give an addi tional 14

our 1201 el 613); 1 2By B.25D; 680-2.0 (AAJBR74 In, BREDER89 (d3cHibd3 963 4% (e 4.5,

Lo172]  COHasil hebhonindemiphn ot KOB G 3.7 Otar frfy 2L @l Pt

MH T+ f psHY. 0173 IFINI\/R CDCI3 300 MHz) 8,
I[opm] _Msr?ﬁﬂé%&lﬂfﬁ%@t@ 51104 (]d o ( 00 W ()m e

23 257 “ﬁ‘ﬁ &W&‘%ﬁz"ﬁ %58351’4“?8?%706‘5% ﬂ%ﬁp?%é(?’m%"’g?%?ém

t ri pI et 529 S& 301)44 38.95) 3dslsx4 03, 41.08, 64121, 41.99H)2.28}.42.¢, 92.8; 3.1 —Iseljvent

5 040 T B o) s e i, SoZab 160 Mo il e 31

rot amer syyqldi1744.49,113092C P4¥. $3TRk360 1 4577, 148 BRI 1T, 1464.86,11168.91, 167.07.
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sul f onam do) pyri nmi di n-4-yl am no) - 3- (4- (pyrrolidine-1-

car bonyl %?)zmﬁ@yfggr opanoic acid (4) 5[0175] Aformc aﬁtﬁnﬁioo%&ehu
sol ution the t-butyl ester fromStep 2(57.75 g, 0.093 nol) was
heated to 50C overni ght and then concentrated in vacuo.
Alternatively, the reaction can also be perfornmed at 70 or 80 for
60-90 m nutes. [0176] Water (-100 Exxmphs2 added to the crude product
and the m xture was concentr at ed to dryness. The resi due was dried

under hi 1V ac f ( ¢ u & idin-4:
concen e Al it

foany solid. The foany solid was dried under high vacuum at 65 for
two hours. This solid was scraped fromthe@;}l@ and dried in the

vacuum oven overni ght (60C, 28 j he hydrochl ori de salt
of (S)-2-(2-(diethylam no)-5-(

i sopropyl met hyl sul f onam do) pym an?no) 3-(4-(pyrrolidine-Ilca
rbonyl oxy) phenyl ) propanoi ¢ ackg 9 g; 98. 3% pure). [0177] LC M5
by nethod M5 gave tR=1.96 niag. wu.'i 563. [0178] LC/ MS by

net hod M2 gave tR=1.43 min. —uf+t z°“563 I[0179] 1H NMR (CD30D, 300
MHz) 8, ppm080(dj:6l-§ 4H) 1.02 (d, j = 6 Hz, 201.611),
1.23(m 9. 2H), 18020(AABB+m52H) 299(d 32H) 3.2-3.45

(m 4.5 3.45-3,8 ( sext et 3 00
(d, éH) 7. Stp(lg Opesp nlve tleefreéu% eﬂ‘ atjén ?'E(DSH 'tel?t ?‘3‘0 H)z'(z'
0.2511). [(dmlaq@@)rﬁvmt(wmdlw 03-3- wﬂronylhlhqwl Pyrrﬂkdleleﬁ 4,
15.5, 19.4, 20.0, 20.2, 29.91, 3Canhox e@ 34.15, 41.03, 41.08,
(41.71, 41.99, 42.28, 42.6, 42 8, 43.1 - solvent 25peaks), 47.21,

47.36, 50.01, 50.42, 62. 43 11, 102.23, 116.78, 124.9, AR5. 109,
128.54, 129.0L~138, 49 145,83, 145,60 ~145. 28 uﬁﬁf@e
156. 77, 156, 86, 66. 91 %ﬁ&‘ﬁi Pr gbar at ifon] of
(S)-2-(2-(diet (ﬁ-ethyl a dg) pyri m di n- 4-
yl am no) - 3- (4-( NHPne- 1- car bor@Haob@)phe zhoi c acid (D

Step 1: One-pot ggddctdop/reducti vVEORHRYE at i ogyoff 6
(S)-4- (3-tert-but oxys 2- T XK
[0181] Nitro-carbamate (compound 5, 10.8 g, 20 mmol) was slurried in THF (35 mLs)
10  and water (1 mL, 3 vol%) was added. The solution was stirred, Adams catalyst (0.360 g, 6
mole %) was added and the solution was de-oxygenated by three cycles of evacuation (50
mm Hg) and refilling with dry nitrogen (10 psi). Finally, the 'reaction vessel was
pressurized with hydrogen (60 psi) and reaction mixture was vigorously stirred for 90 min,
If necessary or desired, progress of the hydrogenation reaction can be monitored by TLC
15  (silica gel, eluting with dichloromethane:methanol (95:5)). R¢ of nitrocarbamate is 0.95,
primary amine = (.16.

[0182] The hydrogen was replaced by dry nitrogen (three cycles of evacuation and
refilling with nitrogen). The ethanol (25 mL), acetic acid (0.3 mL) and acetaldehyde (1.2
mL, 21 mmol, 1.05 eq) were added, vessel was partially evacuated at low presssures (ca.

20 150 mm Hg) in order to minimize loss of the volatile acetaldehyde, refilled with nitrogen
(10 psi) and reaction mixture was stirred vigorously for 50 min, At the end of this time,
nitrogen was replaced by hydrogen (60 psi) by partial evacuation and re-pressurizing with
hydrogen two times. The mixture was stirred for another 45 min. Progress of reductive
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(di ethyl am no) - 5-nitropyrim din-4-yl am no) - 3- oxopr opyl ) phenyl

pyrroli dl\gg-zbm effsboxyl ate (6) [0181] Nitro-carbanmat pcfﬁ]@m%mzﬁ
10.8 g, ]) was slurried in THF (35 nL;) 10 and water (1

vol %9 was added. The solution was stirred, Adanms catal yst (O. 360 g, 6
mol e % was added and the sol ution was de- oxygenated by three cycles
of evacuatihaiton(th&); bembigitorad 8y T (silica gelveluting mthrﬂmhimgmetk(aﬁétnmdm)ml

Fi nal | th t | i.zed wi.th h 6

End T end?3ah RrokDURERATEs bl SRS B ol 286 KA HIh SQEE AL
by TLC 15 UIBESE nirdenl vk LORAYAL bl gles O eﬁ?ﬁﬁﬂﬁ%@“&f)
Rf of n |W1tIDmBDgeiIrﬂteecatadySD Va5 ﬁltpredmé’fgn abédef Celide ugng frettandl tohinse, t

hyd d d t f d
o SPF RutRy ey Ot Yoehiirod oy B aTis b G GReigheh I
and acetgbsahydalting ir cosidetdbleiRtkenidg R SfpbareBECofaoWat materta ¢ Tms

partially evacuated at |ow presssures (ca. 20 150 nm Hg) in order to
m ni mi zeAll bansiling showd b Hend With aprropiiaie RYEGaUtionss i | | ed with nitrogen
(10 psi) and reaction m xture was stirred vigorously for 50 mn. At

t he end [6183] hi ﬁletremon pradustyens preriaddiy flash @hmmmgmdgfsﬁu(gabclﬁgﬁoy by

t | t
Pt ur e et e et Pty Q7FEr Shlablig 0 B GRS M. Frouiol0®
anm ngt i QBnARYNGR-JIRY] ipkGdRtwee c'Bhﬁélﬁédltb b ek of edampoma ﬁlustdm amber oil
di chl or onet hane: net hanol (r95 5) primary am ne = 0.

secondar(§8.5%i puse; BB yickRd The purityaf thﬁﬁrﬁée proguqtglpp%rs take aéiﬁaua& for many

process, nd
et 1 RRGER e R i€ pr AR O Bt b it SRGHEEE gl UE MR bt
Celite uﬁﬁmghm@thanol torinse, the 5 filtrates were stripped to
dryness to give anber oi | (11 9 g) The product is sensitive to

oxygen, ofRg! teogmM % kery @918 4HARPDAT.05 ¢& Jeb 4He) iRy,
mat er i aI in"TLC. Al I handi 1 n shoul d”be done with appropriate
pr ed&ut i50#s(d, JN.932, 1Hed. Bééq‘,tJFétﬁPbr b} 316446 fror $H), 8¢l Oy, F6a3e, 2H),

22&?%?}%@%7“@# Ao e g die Bl 128 3&5%5@0%3; g
oi (3. [Bis"sfiﬂr e W5k, CRLS e s ish 3353"*%?@&@? P’
to be aCi%@ fyi%ay%gw BHH%’&?S@@%H@PB?W ¥8. gfzspg @qty:tl 13.5e

subsequen reacfions 1I's kndwn to be cr stal |ne [ 0184]
1H NVR, 3, 7 11) 717(d J 84Hz 7.05 (d,
J=8. 4ty [%‘ “ﬂé@‘%} {%703@@7*% , 4.84 (g, J=6. 6Hz, 1H) |
3.64-3.46 (m 8H), 3.19 (d, J=6. 3Hz 2H), 2.86 (q, J=7.2Hz, 2H), 1.94

(M 24H) , Sted2 4kd 39 tS)rZ-(Z-'&ﬂleﬂlylaknﬁm-Sﬁ(N)-ethylmethylsulfonamido)-pyrimidin-4—
ylamino)-3-(4-(pyrrolidine-1-carbonyloxy)phenyl)propanoic acid 7

[0187] Following the procedures of Steps 2 and 3 of Example 1, compound 6 was
converted to the corresponding (8)-2-(2-(diethylamino)-5-(N-
ethylmethylsulfonamido)pyrimidin-4-ylamino)-3-(4-(pyrrolidine-1-

25  carbonyloxy)phenyl)propanoic acid 7 which was characterized as follows:
[0188] 'H-NMR, CDCls, (8): 8.17 (s, 1H), 7.77 (s, 1H), 7.26-7.23 (m, 2H), 7.00-6.98 (d,
2H), 4.85-4.82 (m, 1H), 3.58-3.51 (m, 6H), 3.43-3.39 (m, 3H), 2.96-2.84 (m, 3H), 2.01-
1.91 (m, 4H), 1.29-0.97 (m, SH);

[0189] *C-NMR, CDCls, (8):175.6, 165.7, 157.2, 155.2, 152.0, 151.8, 151.7, 151.3,
30 136.0,135.9, 131.5, 123.0, 110.5, 56.7, 43.8, 39.4, 39.2, 37.4, 26.7, 25.8, 14.4, 13.3; and
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[0185] 121.5, [0186] 13C-NVR, CDC13, (8) 171.7, 157.7, 157.5, 117.4,

81. 8, 54\ﬁozﬁtﬁnﬂfhm&6 3, 42.4, 41.7, 37.4, M5 (m2z): 527P6Th1|¥§110]71062824
153.1, 150.3, 145.8, 133.7, 280 258 24.9, 15.5, 13.

20Steps 2 and 3:

(S)-2-(2-(diethyl am no)-54N- et hyl met hyl sul f onam do) - pyri m di n- 4-
yl ami no)00] 4-Mpy M@EH)H49e- 1- car bonyl oxy) phenyl ) propanoi ¢ acid 7
[0187] Follow ng the procedures of Steps 2 and 3 of Exanple 1,
conmpound 6 was converted to the corres i ng

(S)-2-(2-(di ethyl am no) - 5- ( Net hyl TB
0)-3-(4-(pyrrolidine-1- 25 carbonyl oxy) phenyl ) propanoic acid 7 which
was char act er i zegr@rarhtibh 0MS)-2-(GLOSyd dfendiih ethidilFonapiido)-3- 17 (s,
1H), 7.77 (s, 1H) (dietRfiamiRe)p§Amididd- %Yanﬁﬁoﬁ}?&(f)ﬁ'roﬂﬂhe 1. 85- 4. 82

1.1), 3.58-3 51 6-2. 84 3
ATl (m 4H). , Tycdtbn }(3?# or) e m%?gg]m‘p(zg 0, Tac VR v

cbCl 3, (8):175.6, 165.7, 157.2, 135.9, 131.5, 123.0, 110.5, 56.7,
43.8, 39.4, 55 4

/\N/\ O\Ir

0

H* ;

u _N 8

0
[0191] Following the procedures of Example 1 and employing cyclopentanone in place
of acetone (Example 1) or acetaldehyde (Example 2), (8)-2-(5-(N-
cyclopentylmethylsulfonamido)-2-(diethylamino)pyrimidin-4-ylamino)-3-(4-(pyrrolidine-

10  1-carbonyloxy)phenyl)propanoic acid 8 was prepared and characterized as follows:

[0192] 'H-NMR, CDCls, (§): 7.74-7.71 (d, 1H), 7.28-7.24 (m, 2H), 7.04-7.00 (in, 2H),
5.00-4.95 (m, 1H), 4.37-4.27 (m, 1H), 3.60-3.37 (m, 9H), 3.00-2.97 (d, 3H), 2.03-1.78 (m,
6H), 1.67-1.40 (m, 6H), 1.31-1.23 (m, 6H);
[0193] *C-NMR, CDCl;, (3): 173.6, 173.4, 163.1, 155.1, 152.4, 152.0, 145.3, 144.7,

15 135.5,135.1,131.6,131.4, 123.2, 109.6, 109.4, 62.5, 62.3, 56.7, 56.5, 48.1, 40.3, 40.1,
36.8,36.4,31.2,30.5,26.7, 25.8,23.2,23.1, 12.7; and

[0194] MS: M(+H) 589.
Example 4

Preparation of (8)-2-(2-(diethylamino)-5-(N-(prop-2-
20 ynyD)methylsulfonamido)pyrimidin-4-ylamino)-3-(4-(pyrrolidine-1-
- carbonyloxy)phenyl)propanoic acid (13)

[0195] The synthetic protocol employed in Example 4 is summarized in Scheme 6

illystrated below:
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155.2, 152.0, 151.8, 151.7, 151.3, 39.2, 37.4, 26.7, 25.8, 14.4,

13. 3; andyohfihAglicdS: M +H) 549 Exanple 3 Preparation opct/us2007/062824
(S)-2-(5-(N-cycl opentyl met hyl sul f onam do) - 2-

(di et hyl am no) pyri m di n-4-yl am no) - 3- (4- (pyrrolidine-1-

5car bonyl oxy) phenyl ) propanoi ¢ acid (al [0191] Fol I owi ng the

procedures of Exanple 1 and errpLI ing cyclop tanone |a\nﬂ@e of
acetone (Exanple ¥ @r>ac de 232

‘é!rrpl
(S)-2-(5-(N-cycl op I |S?,I|f0n8§é_&)) 2 t m'r?o)pyrim'di n- 4
-yl am no)-3-(4-_(pyr\§ﬁi‘~i ' 10 1=¢arbonyl ox opanoi ¢ acid 8
was prepared and chaggdit d as follows: — J,JQQ] ol VR, CDC13,
(8): 7.74-7.71 (d, 1H), 7.28-7.24 (m 2H), 70497 00 (m 2H),
5.00-4.95 (m 1H), 4237-4.27 (m 1H), 3.60-3. 9I(—)|) 3.00-2.97

(d, 3H), 2.03-1.78 (m 6H), 1.67-1.40 (m 6H), 1 31493 (m 6H):
[0193] 13C-NVMR CDCI 3, (8): 173.6, 173.4, 163.1, 1pherhordS2.4, 152.0,
145.3, 144.7, 15135.5, 135.1, 131.6, 131.4, 123.2,1109.6, 109. 4,

62.5, 62.3, 56.7, 56.5, 48.1, 3, 40.1, 36.8, 364 31. 30. 5,
26.7, 25.8, 23.2.93~l, [0194] MS: oﬁgighp|e 4
Preparatlon of (S),Q (2- et\c‘r‘uyl am no) - 5- (N-( op 2

20ynyl ) met hyl sul fmgg/m yr| m doPReA gt ho) 3"( Eyrrol i di ne-1-
car bonyl oxy) phenyl )hprﬂp aci d(TD [0195] T,étl c protocol
enpl oyed in Exarrp,Se\A—% summrl zed in Schem'ﬁ‘ i I | %strated bel ow

12 1n

l 1. HCOZH, 70°C

2, IN HCI
Sadent >
C
S O
Ne 16
o —
c‘;"s“o — n

Scheme 6

Step 1: (S)-4-(3-tert—butoxy-z-(z-(diethylamino)-S-(N—(methylsulfonyl);
methylsulfonamido)pyrimidin-4-ylamino)-3-oxopropyl)phenyl pyrrolidine-1-
5 carboxylate (10)

[0196] Aminopyrimidine (2.0 g, 4.0 mmol — compound 9) (prepared by reduction of
compound 1) was dissolved in dichloromethane (10 mL). THF (10 mL) and tricthylamine
(2.8 mL, 20 mmol) were added and the reaction cooled in an ice bath. Methanesulfonyl
chloride (1.1 mL, 14 mmol) was added and the reaction warmed to room temperature over

10 18 hours. The reaction mixture was concentrated in vacuo and the residue taken up in
ethyl acetate. The solution was washed with 0.2 N citric acid, water, sat. NaHCOs, and
brine. The organic layer was dried over Na;SOy, filtered, and concentrated in vacuo to
yield crude product as a brown foam. The residue was purified by flash chromatography
(2:3 ethyl acetate/hexanes) to yield 2.2 g (73%) of the di-sulfonylated material as a yellow

15  foam (compound 10).
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WD 2007/ 101165PCT/ US2007/ 062824 K2CO3 net hanol / THF Schenme 6

Step 1 PCT/US2007/062824
(9) - 4- (31 ALUBOTSRy - 2- (2- (di et hyl ani no) - 5- (N- (et hyl sul fony1) -

met hyl sul f onam do) pyri m di n- 4-yl am no) - 3- oxopr opyl ) phenyl
pyrrolidine-1- 5carboxylate (111) [0196] Am nopyrimdine (2.0 g, 4.0
Mol - cSHep QY (B)-213-{drt-DRerse2-12- (diethy Binian)-Si(metiypailfvkainids)apyrimidin-4-
di ssol ved I n di chgtigBtiseprégipienyl fyrrolldifie-TloarBoxylitei(e)1y| ami ne

(2.8 nL, 20 mml) were  added and the reaction cooled in an ice bath.

Met hanegpid7p nﬁotﬁﬁﬁtﬂﬂ'l@?Z 01y, 3 adamolAvdEtRsshivea sn AetRfolaBnlY ¥nd FRELS on

warnmed to roomtenperature over 10 18 hours. The reaction m xture was

concent maked .9 M K600(AaL) was sdded and thearagtion grixhire way heatedat40&C foame

ori ne. *PgEppaeEeellh e B b EEGA T R 2 Y Aottt SRR wid ™

conc 3 nt fegy® dcdme ;/1&3 Oégaﬁ#c)laﬁir vas fglieedowithl bﬁﬁe, alﬂedioberﬁqms%eﬁtteréﬂg end
resi due was purified by ogr aphy t hyl
acet at elcﬁ@@@&g'é'@ﬁ Ix yagpodo éﬂe%f b 63 (gg@é PW“F*H"@ elg?tfe AR Rgd kLt dbea

as a yel tep 2:

(S)-4- (f%@%ﬁ}?oxyf‘%-{?}? é;u%lﬁk?ﬂﬁnﬁo) 5- (et hyl sul f onam do) - pyri m
di n-4- yl am no) - 3- oxopr opyl )phenyl pyrrolidine-1-carboxylate (11)
[0197] cOnpcmepjs:(5)-4-13aeg-blaow-w(ylleﬂaslamuméék%ﬁmop-mmmgt yt5 i)
and 10HE (sulfshimido)pyNniaincs-ylakhino)-3-oxaprepid)plienylpyrhalidinerd idavboxylate
m xture was heated at 40C for 5 96 hq@2p. The reaction m xture was
acidified to pH 3 with 2N HCL and extracted with ethyl acetate. The

or gani ¢ [hpspr @@ﬁpmahqc(omtghobsmﬁol)ﬂ(i@m; @8 gNa3S@moD),] drideaceidne énd
concentrat ed in vacuo to yield sag860 pr oduct .as a beig g foani
conpoundvergpaced inje S%'éﬁlde‘%lb%f‘ﬂqf\ﬁg"‘% FPORR tonsTatys fo% eneiqugnt rogprgy

3: (5) - 4- h?angs (826410 A pFHRQbachioh aﬁeéa%a AT TR bk

10sul f ofam )pyri m no - oxopropy phenyl
pyr ll6| i dbirds Houzar mh)ayé&uen ('niﬂﬂlre[ ﬁ&@@]ncmqmﬂmd’adm gr. tR@ragidue t&®n up in

a seal eéﬁlcf%éﬁﬁﬂ%g? g‘?IPg?f?g'f‘s Wﬂﬁiﬁit"ﬂﬁb@%ﬁﬁﬁ@m&r 1% r% la lﬁ?‘g%g%e@ I
chi ori dg gmé’z@dltﬁuéeé mbﬂcéfﬁﬁteadﬂ 96L:BN6 yllBcri@apicdast abas o?eﬁl%bmm

and heate 'ux 15 for hours. The feaction m xture

concent rBieecsidue wmnmﬂfmddmﬂveh chinttegraphiyve(: Lgshyl r&C@ﬂWeX@lLeél @t)éeldﬁﬂé
sol ution S with water and I ne. The organic |ayer was dried
over Na%g%’)v?f’?r&?%‘&dg‘u aSEATSRHEREY i n vacuo to yield crude
product as_ an or.an il residue was purified by flash

chr dfat dg*%hW§imgﬁélﬁy&ﬁégﬁat e/ hexanes) to yield 0.11 g (51% of
conpound 12 as a transparent film

Step 4:(S)-2-(2- (dlethylammo)-S-(N-(prop-Z-ynyl)methylsulfonam1do)-pyr1m1dm-4—
ylamino)-3-(4-(pyrrolidine-1-carbonyloxy)phenyl)propanoic acid (13)

[0200] Formic acid (2 mL) was added to t-butyl ester (100 mg) and stirred at 40°C over
night. The formic acid was removed under reduced pressure to yield compound 13 in

25  quantitive yield and characterized as follows:

[0201] 'H-NMR, CDCl;, (5): 8.13 (s, 1H), 7.97 (s, 1H), 7.26-7.24 (d, 2H), 7.02-6.99 (d,
2H), 4.59-4.44 (m, 1H), 4.04-3.79 (m, 1H), 3.64-3.53 (m, 6H), 3.45-3.39 (t, 3H), 3.08-2.84
(tm, 4H), 2.84-1.80 (m, 4H)1.22-1.17 (t, 6H);

[0202] *C-NMR, CDCls, (8): 165.3, 155.3, 151.8, 136.1, 131.5, 123.0, 76.1, 76.0, 56.8,
30 49.9,48.1,43.8,41.2, 40.2, 37.4,26.7,25.9, 13.3; and
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20 [0199] M5 (mz) 615, (MtH)+. Step

4: (5) - 2- Ba A am no) - 5- (N- (prop-2-ynyl ) nmet hyl sul fo ' Yol
di n4 vyl an‘ﬁ%é?d'@u(‘%g( pyrroli di ne- 1- car bonyl oxy) phenyl )prggg?r?gi ngag?%dﬂ
(n) [0200] Formc acid (2 nmL.) was added to t-butyl ester (100 ng) and
stirred at 40C over night. The formic acid was renoved under reduced
pressur ¢o03]YiME a1 gnd 13 in 25quantitive yield and characterized
as follows: [0201] 11.1-NMR CDC13, (8): 8.13 (s, 1H), 7.97 (s, 1H),
7.26-7.24 (d, 2H), 7.02-6.99 (d, 2H), 4. 559-4. 44 (m 1H), 4.04-3.79
(m 1H), 3.64-3.53 (m 6H), 3.45-3E§§“‘P{e, 3H), 3.08-2.84 (m 4H),
2.84-1.89 (m 4H)1.22-1.17 (t, 6H); [0202] 13C-NWR, CDCl 3, (8):

165. 3, Imaparationlofs)-2-18-(dietHyldmino) -hetiffimbthyi$ulfonadiid 8)-pAPaRlif-4-
48.1, 43.8, & @-epg},i(é%ﬁ@?iﬁwla o oxPpeny BpfbpahbRATIANE: M +

in

559. Exanpl e

(S)-2-(2-(di ethyl am no) - 5-(N-net hyl net hyl sul f ogpam do) - Pyri m di n- 4-

yl am no) - 3- (4- (pyrrolidine-1|-carbonyl oxy) he@) propanoi ¢ acid(1.41

|1 50 [0204] Followi ng the proeedory es e 4 and enpl oyi ng

di et hyl sul fate in place of prNgb%r ay. M ordde, the title conmpound

was prepared and was character|zgd s fol | ows: [0205] 11-1-NWR

CDC13, (8): 8.14 (s, 1H), 7.83YS, N1, 7.26-7.23 (d, 2H), 7.01-6.98

(d, 2H), 4.84-4.81 (m 111),_3. -%.W(m #®), 3.43-3.38 (m 3H),

3.09_(s, 3H), 2.94 (s, 3H), 1(32.00-1.91 (m 4H), 1.22-1.18 (t, 6H);

[020§] 13C-NVR, CDC13, (8):175.5, 165.4, 160.7, 156.3, 155.3, 151.8,

5297 1, ) ]B[ag):ﬁ A gl%wgnrﬁjthg Prébeddrts of Exaifipl® 4 aftd eRiplodtnddimthylsul Bié it place
of propargyl chloride, the title compound was prepared and was characterized as follows:

[0205] 'H-NMR, CDCls, (5): 8.14 (s, 1H), 7.83 (s, 1H), 7.26-7.23 (d, 2H), 7.01-6.98 (d,
2H), 4.84-4.81 (m, 1H), 3.60-3.53 (m, 6H), 3.43-3.38 (m, 3H), 3.09 (s, 3H), 2.94 (5, 3H),
10 2.00-1.91 (m, 4H), 1.22-1.18 (t, 6H);

[0206] *C-NMR, CDCls, (8):175.5, 165.4, 160.7, 156.3, 155.3, 151.8, 149.1, 136.0,
131.6, 123.0, 113.4, 56.9, 43.9, 38.8, 38.1, 37.4, 26.7, 25.8, 13.2; and

[0207] MS:M(+H) 535.
Example A

15 a4p1 Integrin Adhesion Assay: Jurkat™ Cell Adhesion to Human Plasma
Fibronectin

Procedure

[0208] 96 well plates (Costar 3590 EIA plates) were coated with human fibronectin
(Gibco/BRL, cat #33016-023) at a concentration of 10 pg/mL overnight at 4°C. The

20  plates were then blocked with a solution of bovine serum albumin (BSA; 0.3%) in saline,
Jurkat™ cells (maintained in log phase growth) were labeled with calcein AM according
to the manufacturer’s instructions, and suspended at a concentration of 2 x 10% cells/mL in
Hepes/Saline/BSA. The cells were then exposed to test and control compounds for 30

minutes at room temperature before transfer to individual wells of the fibronectin coated
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[ 0207] Ms: M +H) 535. Exanple A 15a4131 Integrin Adhesion Assay:

Jur kat Tmygglbo#@ieRsi on to Human Pl asma Fi bronectin ProceggfiR2409465%b4
96 well plates (Costar 3590 ETA plates) were coated with human

fibronectin (G bco/BRL, cat #33016-023) at a concentration of 10
Fi g/ mL overnight at 4C. The 20 plates were then bl ocked with a
sol uti oplae. Adhésien wey alfoveddia mncur(fﬁsw mihuBHat B & aTheneellsIwedeahdnm

|1 d | wt h, b d th | Al
ccor i PP b Eenerhop Etidh AR st e AR S eliBe HbiShie efogted i
concent rpd fe%{huﬁfl% gdherddl @eﬁ@@ﬁﬁiﬂﬁhﬁﬁéﬂ H8RES HndleldtatSsitee réitRer §EEXS Were

then exposed to test and control conpounds for 30 minutes at room
t enper at4$6ENMSBOr e transfer to individual wells of the fibronectin
coated plate. Adhesion was allowed to occur for 35 mnutes at 37C
The el [[8208r eCdlhaituvessinrd ptepargd byl firstaphitting thostationdripphpet furket “Wicelts at

Lot ool g RIS G B Bt o et etsay o day o e ok SBR T TR dey

530. 5[ QAQ%UerlH 1&1%ﬂwﬁfmr@ yRrgfg ed by first splitting the
stationary phase Jurkat cells"at 1710 on day one and 1:2 on day two

to perf S HPR Tt
1:4 on gbﬁ ?%%é B y zé‘gg% [%dz%ﬁﬂkr%ﬁgka s]i‘%‘ﬁgm%%éls‘ﬁ&g? gql)l?cgpar ed

by fi rstHum Flgrcmevmr(cawb%(lﬂﬁu@z&)m BBSGHod d0BBImEunan Fi bronectin
(cat # 33016-023) in PBS++, at 10 pg/nL 10 [0211] A Costar 3590 EI A
pl atle wje211)em Costed5o0 EIA ﬁl@teptdsvbbéﬂ cdated it 50 p;fs/veﬁll fooB otusrap evomt ur e

th h it | f t 4 | | at
i T ot dEMBTALIE GRS IO SSprmieBt ¢ K Fing Bt P s St
hour at Hb o%k%@ﬁﬁﬁ I-ﬁ%{ne%ﬁﬂie’]ﬂlﬁ'é?r ”IJPJ%E i fﬁoﬁﬁeg rf follBfvef §§“El§hm

[ 0212] npoun ons were acco i shed by preparing 1:3"seria
di | ut i onlsreefines withnidOyddef BBSHol | ows. For each plate (4
conpounds/ pl ate) 600 pL were added to 4 BioRad Titertubes in a

Titert uljer2ic I(ion‘?;mmgfmlaﬂmm awmxgﬂﬂﬂezltﬂlay prepatiy hbpf\lunirdllaﬁmﬂafbe to
2X t t t

2l S5n Epwppdas Sollopgo HoF eA Hemﬁzgﬁxgﬁﬁwéfpﬂaﬁ@b”w%@%qe@@rm&

wer e adggd 1iRriBdSin B TikkRHe facke Eﬁo n\q}kﬁﬁa%as@umﬁtb%actﬁsﬁ rbRialSRibe

R, was used to wth four tlpss d 'y on the pipett 20 Each
set of ft@gwetatﬂiéeonmastremoxlemu@ ma:t \wibllntﬁm pithehrt. zﬁsmng@bmnd‘lmlslates

t f t f h Row B
| eavi ng | WUATHERRYSHliicp e RE RS i R i ROt Bpve R P uph ondhmat-
Seri al @h!trﬁiel ﬁf@éttéi’%éﬁtoﬁ%l)flﬂfW‘@ﬁus}éﬁ\f@“ﬁth%@tﬁi&@p&\éd%{/@ﬂﬁ bR tHd pieth?.

tL to the next dilution and mxing 5 tines, changing tips each tine

Jaf t @0 niBach get obfourttubes svasenised § @lprpe@ntéﬂ 8%h0ﬁ2xm@wpg%wama@émnd

Puman seret it of o AR AR iy BT ROR B CLaPl,

asi de i Rvede adirgen thetdt@argbellsdn Rdol A0 Sefidlldilnticmenst @orfomidddowiDhd glatd he
cell staining was acconplished b¥1 first harvesti n%ft he | 0g- phase

Jur kai r bydepsisrring ok 19 the gext dilvtion andmyixing § pisaes( Bgngﬁlﬁﬁ P%ﬁh thme after
! d
T eg 35|§an1 ey%ie}\ﬁ lbﬁi%gst %@J_eﬁﬁﬁﬁﬁﬁqﬂ (166 Ihadhd Yontpdid presfitt: 2"

e cel'l's were
25 [0213] A 20 pg/ml solution in HEPES/saline buffer or human serum, of 21/6 antibody

was the positive control and was set aside in a reagent trough to add to cell suspension

plate.

[0214] The cell staining was accomplished by first harvesting the log-phase Jurkat™
cells by centrifugation in 50 mL tubes (1100 rpm for 5 minutes). The cells were
30  resuspended in 50 mL PBS++, spun, and resuspended in 20 mL PBS++. The cells were
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st ai ned by addi ng 201.11, of Calcein AMfor 30 mnutes at RT. The
vol unme 2%%5‘f65t0 50 nL with HEPES/ sal i ne buffer a”‘i"cﬁ*ﬁfsz&ﬁ}okz%u
were counte spun, and resuspended to 2 x 106 cells/nL

HEPES/ sal i ne buffer or human serum [0215] The conpounds Were

i ncubated using the followi ng procedure. In a new 5 flexiplate, 65 pl

of st ai neginaity sddiviy 20 gl d€ CalcoinFOMSioB30 fiimutesat R T. THig wdidom&hwae brotight to
conpounds. were added to.the apprcg%ﬁl ate rows followi ng the plate

setup a wath BkPESsakine byftep go @e%‘fvn@&eynkﬁér@uaméae%pmﬁﬂn &%d
m xed 3 g WBK/mE @?ng%}@ngb aﬂ%éilaﬁ{ ed at roomtenperature
ut es.

for 30 m n ronecti n a he5| on was neasured u5| ng a
fl uores pl-at e 5 atte f ng wor k
up pr oc sel ﬂ#etcé) n?pf%ﬁg{ijsox%ﬁcgﬁ(c u%gﬁg%g{élglwée i?ve\’/@Pe roéﬁlﬁ%g 6”0 JAL

werestr aﬂw:i;ﬂate 685 fiI0of $iginkd bellxneat addsiaa RewvsiB ﬁir@.sgh&dehaceiwaL@ﬁ 23t
37C for about 35 mnutes. Each pl ate was, washed, row b%ﬁ@row

gegt ly mowpwcifqureedqedﬂf thmpmpmw fatlowingike Rlpgse fanfin@xmxs
e peat cq T LB 21 EnBOa Rt Afel b ROV H Bkl RES Tl e |

15 aftewvasamtuba@dlayrqmpmpera;un&d'wﬁﬁmmumsde of the well. [0217] An

| C50 val ue was cal cul ated for each conpound, both in the presence of
t he hungo2k6}r Fibmnectinadhbsion b.&e nmasrﬁréd imin@m flaeresuent plﬁﬁ(}e&c&r at EX
concent ratl Qn i S inhjbi 50%

or I VI
The 1@om#s 53 g@%@ éolrf@wgg W%P@p%ﬁcp tfr%u%ﬁes gepkationy eP WEE | ess
than 0. Jm&éﬁ/%’umﬁﬂ 106 $ILEFerd GG MBI Be EBﬁ)nfeétHf %%&tﬂlﬁeééﬁﬁﬁcubated at

20Exa n vitro Saturation Assay For Determ ni'ng Binding o
Candi dat3§°©d¢qubond3§ nnuss. Ea‘ﬁmﬂa&]waso@sgcd)mm bymoWaby gantlyi plpettm H0

washed and nded i.p nar ani | asma,,cont ahLRi,ng 20, p. g/

of the 1919 IR PAFOrPLlnSaR oe Hels ey AR aRGE DD aphsftip bepiral
270( 48) ﬁﬁs?ﬁ@éedu?&ww?eiaadtea’ st aXufakaf 3 WagRh] Eackwell diab Gitled wat\hqob @ird
into either normal plaspa sanpl es containing known candi date conpound
anodfit s after washirg ey pipeitiagidonm theiside afidie sl rom 66 RMto 0.01 p. M
using a standard 12 point serial dilution for a standard curve, or

i nto pl 462iY] s AplEs va»lhlemanedlcﬁlatnm&mwcbeommhmchbotblmdd: prf:semamdf that e

-t reat ed 0 bat.ed, f
o it o6 Tyran S SHBMAS thoehcei e oREb 15 i SHReeHRaR bR e
sal i ne (or&RR o aewnws MHIBitetlby $0%! TROUMPHUAG disdledd hbrdivercdll Blind to

cal ciumchl ori de arid magnesi um chl ori de "(assay nedium to renove

unbound ha®¢ an s oblesy thas Oflopdyhenitestedeadesrding fo thtBbroaggsessalt o

phycoer yt hr| n conj ugat ed goat F(ab)2 ant| -nouse 1gG Fe (I nmunot ech,
?@rook whi ch had been ads ﬁnﬂ r any non-specific

cro react|V|ty by co-incubation W E serum from the ani nal

speci es being studied, at 1:200 and incubated in the dark at 4C for

30 m nutlevitro SAGREAN @ssaysFmeBetemuhngi Binding ofvCahdideteaompdinds ol

resuspended in the same. They 10 were then analyzed with a standard

f1 uor esq2u8p datgrgratiinlurkat™ selistweere (WasldSiny resvaperslicd imsordes enimabd i n

YhanocK glised cagtafm%?@&sféﬁg P\ 15Ty (0K, e a5 7o Biol et o¥S>

dose- r e9Rens E, |on The dose levels that result in the upper
pl ateau of "the cufve represent the levels needed to obtain efficacy

in ag i "[02'19‘1'0 THRAGHKat™ cells were diluted two-fold into either normal plasma samples

containing known candidate compound amounts in various concentrations ranging from

66 UM to 0.01 pM, 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.
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15[ 0224] The results of the a4-dependent in vitro potency assay

i ndi cat e ywhahg i n conpounds of this invention when S
assay showed |ﬁr?i%i§t| on of a4131 integrin at an EC50 of E'?Z}éfsﬁg?dﬁ)ggisg
vg/ mL. Exanple CIn vitro Assay For Determ ning Bi ndi ng of Conpounds
to VLA-4 20 [0225] An in vitro assay was used to assess binding of
candi dat [omn nCeiRdsert theddidubatet dor 30 mirfitsyra0 rovas tentpeedture] wekhied tv.td@'e smh

assay ca %H% usech}go ?sess VCAM 1 | evel s in biological samles

convent i ¢ ("B spnteining %@§§?‘s§°wrﬁﬁ°§m&§%§/m¥ea°h o
sensitiy vity
52l LB 30 BRSO IBASRY ek) o CAB OGS 1 ¢

25 Wit h antibéit Tm cel s (e.g., Anerican Type Culture Collection Nos
TIB 152, TIB 153, and CRL 8163), a human T-cell |ine which expresses
hi gh5l efe221] of The4ieB4 wierd thgn exposdOdghicosrythriacionjugated gbitd (ele)2 antinbwsee
in an a43 egiin- ndent (Yednock, . Biol

Chem iséf 517%“9 &B%‘:ﬁ%@?‘?ﬂﬁﬁgc‘%ﬁﬁb h%qﬂlieeg&flm\t@a ge&m& ongapecific
EXPI €55 athedodbtiblty BYChinddbahiiwith 3%Lldtum HH el ShE AR sdicd, at
extracel S VCAM 1 on the N-term nus an human 1 gG
heavy cHa2(9 andnmwmtedmgleahrbatfﬁ?efoﬁfﬂ orimitenus. The VCAMl f usi on

protein was nmade and purified by the manner described by Yednock,
supra. [023202 Z&]llsdwrk a/ashah teddel vithiessey gedinm aml rRRivheritisd tn ﬂlepspwﬂnen’é‘he}ed

h 10% f | b | |
o s Sl RS L AL
with 1. X@&%cﬁ P8k /J”‘B1015élze1ﬁn19§50§70 5974030 m nutes on ice.

Vh+2 actlvat es the receptor to enh ance It gand bi nding, and 15/7 is a

nonocl o nt an

conf or n’gﬁi 311 ];nggé&% Eﬁlﬁﬂ s@lﬁ? ?rs%?gé%ell’g |ﬁ%§ﬁ§lﬁﬁlﬂgse
conf or matsponset faghieh yT]set dﬁnellewls*tgaurhmlf\im uppet flatedit 31 thertipgrriepresent

i nt eract Yedno et al su ra. Anti es simlar to the 15/7
ant i body fl%{évgsﬁéeéiﬁﬁﬁ‘? ebtaineiTigary d H%F”Y’H%B@ﬁglgat ors (Luque, et al,
1996, J. Biol. Chem 271:11067) and be used in this assay. [0230]
Cel 1§ wdPB4] hFheirprults of the wodersndent # ﬁw Q PRICNEY ATHRY Eidifatethat eTigin: h
candi dat.§ ; o]
601 ph-UEPREREE RS iRyl L RBPiCRAGPIL AL IS CARBRL bE A
r econbi maartEQWléssﬁhmmuginﬂLel n was then added to Jurkat Tmcells
and i ncubated for 30 mnutes on ice. Yednock et al., supra. [0231]
Cells were then washed two tines d reléﬁpended i n PE-conj ugat ed
goat F(abp2 anti-nouse 1gG Pc (I West brook, Me.) at 1:200
and incubated on ice, in the dark, for 30 mnutes. Cells were washed
tw ce and anal ymegrimAsbayFé Baﬂaﬁﬂnnﬁgmaagenmnﬂﬁuaab t/¥LAd4cel |
sorter ("FACS') analysis as described in Yednock, et al., supra.
[0238] Qommpundsinnairb Bgaqvas Gsed t@fasée@sibmtiﬁxglbfabtmiﬂaté&rﬁﬁ&lﬁﬁs $C6PH,
binding affinity to a4i 3| &M{/OZSS When tested in this assay, the
conpoundategim Somnounds which this a9y €an haysedrto paseaspedidd levlniaye

cort i n SoR Rl b SPptdliohd SHRER £ ol St Tl

Exanpl e séhsitive to ICsy values as low as about 1 pM.

[0226] The activity of asf; integrin was measured by the interaction of soluble VCAM-1

25  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 a4f; integrin. VCAM-1
interacts with the cell surface in an a4f; integrin-dependent fashion (Yednock, et al. J.
Biol. Chem., 1995, 270:28740).

[0227] Recombinant soluble VCAM-1 was expressed as a chimeric fusion protein
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Cassette Dosing and Serum Anal ysis for determ nation of

Bi oavai | a@plibdiohfd234] The oral bioavailability was scr eeRaskiioes
dosing rats with a cassette, i.e. mxture of 6 conpounds per dosing
solution. The cassette includes 5 test articles and a standard
conpound, for a total dose of 10 ng/kg. Each conpound/test article
was co n\mntaﬁﬂng thetsheersexttagethdad donvdidsofaqUA RG] an the Nitétathhsand the human

dissolv i r at 2 ng/nL. The gcassette [ red b mxrn
equal nBeavafc BiAQISANL IRgI0R 0p the, T PRAAGS ﬁ\'@s\’@éﬁ itfeeoeﬁ@%wa
sol uti oqnmsdng:?ﬁﬁge%%h@ﬁgnﬁepg chBE’d sjed to 7.5- _9 The
dosi ng solutio prepared t be ore t e ‘study and is
stirred y: b t

(SD) ratl g gt ) o gy ?Hﬁﬁ%ﬁr%f{h@r .lées BblgHEhted AACEE eothhe

in this ssnmeq;anlcﬂhﬁ,sstmpmmwummirgluuamhe‘a;srdeainbleéaytY ednecljayprand had
continuous access to food and water. On the night before the

admi ni st{o2ad] oryudat Phexlle arseidcabate b @ith i SmMveMad asd Sqigfal, 15/7 ant1body for
appr oxi rrately 16 h. 10 [0236] Four SD rats were assigned in ea
casset t S0 mingiesgnacey ¥R Gretivaes e $eoenios & entines ligead binding, e%#é’a isa

e G i pirey

were co I1htegmreahd/loaks:ﬂue uhncdecmrmtd thiscamtfortrtation tiek by stagn]nzm@thpd( (E\AM 1/4

h an . I r to bl |l ectio
o d0ne bRt AN EEBIS bl sGeo S ALbE B SSilar Funé Th2 508,
sanpl es p bRREEBy ofibei rveé WBd @uié, el 799k, i BioD@hens RIY847)0N
foll omed\ﬁgflﬁ%eglﬁi\fll%g d‘)g&lgl ocgltl g%a gug "Bl 0od sarrpl lgs were kept | I’)l
hepar i nianédayiberusedimibis assayes under subarrbr ent tenperature (4C
before they are processed. Bl ood sanples were centrifuged (10,000 rpm
for 5 m[62803s)Ceaisdvgrt trendnahatedder &Qammutambmmh tentpesitaneovith candida@0C

wer & an&PyRRIGelrnoIoHE SR bRy Tpretikon oot PIT S pukd Subadd T

preqkpi tgn%ﬂt@éhal 486, 13 éd}uﬁdé y&oﬂibﬁfaﬁaveml 15/0510R hfotBh SRANES dddcd
1.5 nmo -wel | plate, adding, in order, 100 utt, "of the test

pl asma, ta50atdY ceils mwubamdr foo 3@ thiltesan icex Yadndckret ab-sppraseconds.
150 jL of 0.05 ng/utL of an Internal Standard in acetonitrile were
added a3} \Celksewezel tifenrwRed antiaiss ax{d)ﬂsmpeﬁﬂeé is PErdajugated igogt F(ab'),

100" i, Br-roeyie 16 FraliedpptachaVestippbu B PG indl i R R ey

vor t exi ngd @ Mﬁlte%eeémd\%re%héﬂm@é ark} sQr'élyQQd With a%ftarﬂﬂrd' fMidRédaddce

Standard I n acetonitrile were d and vortéxed for 30 seconds. The
sam@Des apvatedsqallcodten(" FACE") emlms gsidps@ibedan Yednocks plords pumt. t he
conmpound of interest in 50% nmethanol to obtain a standard curve
range of[0Z82% rGpmpounds Bavifg) am¥lqlof Agathan abhe 1S ipessess hindingeEthitfyde
30 seconds. [0241] The sanples were then spun for 20-30 m nutes at
3,000 r n an Eppendorf m crofuge before 80-90% of supernatant is
transferred into a clean 96-well plate. The org m&'@ gl vent W{ils then
evapor atl8283hintWhen tested anthivassay, dheisampayadeprepgred in thg @bpvexexamyples

CoLTme < T ERRURRNS nade i Eho IFFS iR GUR (88 ckfiBiRadb B8 gktre%wo%%cé@d@n 8
25 compound of this assay had an ICsg of less than 5 pM.

Example D

Cassette Dosing and Serum Analysis for determination of Bioavailability

[0234] The oral bioavailability was screened by dosing rats with a cassette, i.e. mixture

of 6 compounds per dosing solution. The cassette includes 5 test articles and a standard
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(50% CH3OH 0. 1% TFA) . LC/ M5/ M5 was then run using a PE-Sciex API-3000
triple g Ss spectroneter (SNO749707), Perkin

Seri eszoégﬁtig‘?@g?n‘ﬁ er, and Shinmadzu 10A punp. Acquisiti gﬁﬁ“ﬁmggowoo?lzgm
with PE-Sciex Analyst (v 1.1) and data 10 anal ysis and quantification
wer e acconplished using PE-Sciex Analyst (v 1.1). A 5-50 pl sanple

vol ume viaspbihd; oot descofl EMAEAE. Bhéssoniirintidsy ptick wasdydhiveridd to the
col um (Keystone 8823025-701) using_a nobile

2.0 x 20 5 pm PN ;
phase ofsoclly%@iqamecmnmar& N@@& andaiiggolvigd mavatenat Zrpe/ i The AEssites
about 8 m - f ] e 243 The
Aren Undr BBty Bt @fnlaflules B00ih ofl LT s Tho Laksbdhiing
t r apezoisdhition wias niikehwelb andthich ¢hd 3 wap hdjastad toh6€htThetdosingsealvpibi mgs

time _tx (see ndbo of . Basi,c Pharmacoki netics, Wl fgang A Ritschel
bnd & egbiiyad BRAAY REoRHE SDHY 218 G HeA OETTIENE S o e e ) 2))
(tn+i - tit) [in g/ m_) h] 024 In the case of the cassette
Gos ng 0F3Rk: Mo Shisme Deinien (ST rah dom Chaska v DR SHRse B ks old,
dosi ng, D o = RAShiEaRR of
the. compistiyédin VRS sauf Rl g daBinlincd Rorublcher Ind dapend H&A B

provi dedictess teafoodlfid efateat Oneths night pefbverthe adhemistratiomdf the dadsette, the rats
adm ni strati,on a 10 .ng/ se. Exampl e E 25Ast hma Model s (El)

[ 0246] IW?M%IBHPPEWH@{&&@ medi at ed by a4131 integrin include,
for exanpl e, eosinophil influyx, airway hyper-responsiveness and ]
occlllsi dP236hatFoys SDyratswarg Wﬁi‘%ea\g‘gﬁ’ﬁ%&-Tﬁém ?qu%&%@%ﬁ%@n
ani mal . e ; | I ects of
the. comn e prefE oIl blath Bl CTHE BRIV MIZLO I MR Worel

Ast hma Iveabeded(d6d)rats 04 fedrbh hitevidoginghe procedures descri bed by

Chapman, et al., AmJ. Resp. Crit. Care Med., 153-4, A219 (1996) and
Chapman,[0237] alBlood\samples Wegrolledted via Cardéachimtictuiddt:the fold8/Ing thae ppints: 4
bot h of which are incorporated by reference in their entjrety.

[0248] s nGHahi1 Ty Ammecietely peior 16 oo FolEan el aeER s erigRd §92( 10
g/ k) L e- bonds ) Af Y r N cfhlY tHA rats RSt | ONS
of , %gg&tﬁgfﬂjwﬁg%&gg?suv%ﬁ},tﬁéa%mﬁ%ga eedq vﬁéﬁ@ggl sc@yanéa 14. On day
21, sensuthanized siai G@d ssphy<atiasfollavad Uy cervighbdislocattambes and exposed
(60 mnutes) to an aerosol of QA (10 ng/kg) in a nose-only exposure
syst em [fgasyalBloed sanssles weiedegt intheparinised micestainet fnbgswntdebsublamibadnt ( 250
ng/ kg, 1.p.). The 10 lungs are | avaged _yia a tracheal capnu usi.ng 3
al i quot derpperaiuse G CHagfer %?@tmwssgﬁqe%@ SEQPE%O’G‘IHF?H 2\5 Wdrﬁv;
100 n; HERESs 1o; i bd Bnd @Bded i 8BV Bbz6Al:
are pool and%ﬁ%eﬁg?g}pla\ﬁgﬁﬁﬁtgﬂgﬁB@E%Tg\l}lg\?%% f(r%io? altdj ust ed tg 12 m
by addi tanelyzaf fordnig lsvelal Drigdlavel Tt thé plasink svess snatyredusing tigyfollewing

m crocel | cgég,t efij F- 500, TOA, l\%gl cal Electronics xd., Japan) and
smears FAOFRLIRr HIECHPRHOR REFCIEBEOLr ed fluid (to 15approximately 106
celLs/nL) and pipetting an aliquot (100 pi,), into centrifug .

( Oyt ospil ,%néﬁmnywe. sna s3 Svegt Breppeddn chﬂ i%@é‘aelLEIiﬂWgE&addmgs
sol utio " S8 | 1, foPlowad $§SBRGENE RS 10-20
ot ai ned TPHEraggHE iRt MRLE IS0 ol o1 G, Ipowed By ERCR R 1020
Br owne Istebndk). 1§0)uli of 0dSing/LLofdn fitemeh$tandard dosdietmiiilé wererndded aphi | s,
macr.ophages adgﬁ E%N%EOQ tes. Atotal of 500 cells per snear are
courPed YOYEXGARE B8topy under oil 20 inmersion (x 100). Conpounds
of this invention %gn be fornmulated into

car boxy 241 cehersta ard e @%Pﬁ%‘@ﬁe 8(?@[?363 hi?%w%wa'a Rlats: by @f@_&g’
orally (tlfs? oéﬁ%,?ﬁ)@%ﬁ%{&?ggpgﬁﬁseﬁﬁﬁkﬁi fcﬂﬁ:@ve&l‘?} 139 £J dt5h&Rhol AN VBHBkiNg

Conpoun ergen- i nduced Teucocyte accunul ation in
t he ai r ey 50-20 sevohis: €150 Heofs0.05 ngLRf enintsioral\dtandard sn agetonitwils veeer ed

to be acatdiigcf ar{dn votrtrclelxgd H)?g(alséconds. The samples were spiked with 0-200 ng (10

30 - concentrations) of the compound of interest in 50% methanol to obtain a standard curve
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25Mouse Ast hma Model (E3) [0249] Conpounds are al so evaluated in a

nouse no e pul nonary inflamrmation foIIovm ng t
descri beg‘%PZ%'yl,ﬂ(EHSIS et al., AmJ. Respir. Cell ?%THJS%&%%&?

13: 360- 365, (1995) and Schnei der, et at, (1999). AmJ Respir. Cell
Mol . Biol. 20:448-457, (1999), whi ch are each i ncor porated by

refer en%ngdbﬂmfhg/nﬁ'_ﬂfd 2,000/ng/r8 ) TeA @i haailié & vokieged Br 38 svrals of

age) are sensitized on day 1 by an |ntrapet|toneal injection of 0.2

m. ova/ gdbm 1M T afh g@é&%ﬁvb MeRGpad fR 20030 Mifids @ 8.960 flpm-?ﬁm @62 Y
Il’lj ect (Prerc ADb oostgr injection i s adm ni'stered ?1 day 14.

M ce ar enmmﬂlgeelmjen &ﬂ@%pﬁ s@®ruataht 2otransfared duto seldan S¢-well plate. (The

0. 9% sal i ne). f 0 m.rntes. t i

e Sa et e e Bl B DB s NSO BER b3
chal kenggin. @ﬁﬁd}pplm)bsapg y.e quantified by a FACS/ FITC staining nethod.
Compounds of 5 this invention are fornmulated into a 0.5%

car boxy g4y Cﬁ{elﬁél%@wﬁ@&eﬁ%ﬂ&ﬁ@d‘nﬁbmﬁﬁbﬂé‘ﬁﬁg admi ni st er ed
orally to mce whi had been sensitized to the allergen, oval bum n.

Conpound§0%HIIORI% ‘IiFéd &0 MASHdR wasdh@mnluemgoazyE§cmfﬁm toiplei n

AR R A B e T A
enpl oys ShigaduOlORdi Aeéfﬁémbﬁdvabno&@ﬁvﬂh PW-Sciéx Ahalyst{v@lll) rand Hﬁuest
93: 776-787 (1994) an ‘Abraham et al Am J

156:1896-analysis and qyantifiseiiorowersaceomplished Heing BErS?ﬁ?@dAwyst &¥ érlén é\é ﬂ% ul

|t avorBtiBE oy WRGHERe o s Prekibfltd Py BURH BT Ploymn
car b(i>5<y EKbh?td;Igsrell 0 M:Z\l/))&ﬁm 5 qung) P?emamzria’gnrﬂ) :uslgg nahobile C})ﬂlg%e;df&slﬂ’o ﬁﬁgﬁhl,
decr easdAhd R iﬂéﬂréﬁﬂa(ﬁéﬁsf‘?rﬁu&ceﬁ RGN HPS ?‘@ygg Hﬁguts%*/ﬂofﬁo‘ﬁ reeRf

the | at ey Wéﬁflﬁlwesr esponse, e.g. have a protective effect against
antlgen I nduce ate responses and ai rway hyper-responsi veness

Shedp P ARASETe! e SrREAE) Wi HitiailB ke el ey G e

res ponsefﬁ)ntl ¢=0 tohid st plaraa d:cmcsmtmnoarsamghmg ’ame tx;éseelfhndlsiotkdﬁ Bakie
ai rway fects of .th nd| e conpo oW ng .t opi
anest he?h&“Bff"O{‘H’@t‘?ﬁa ‘P g\a(tﬁ% C}B\ﬁqp éj )Sgof%l c £3as, Oth Il(légé)n

catheter is advanced th ;xougp one nostril jnto the |ower esophagus.
ub.

The animals are t heffUCnc éCouit Car1d2Dut e Bhddt (HedmER] t ube
h h
Lol g0 [h8gn Oy e GRS b it ditsklle Rodind arllifl LA EPMIA s30T RIREOP =5

(19929) . cArawmsollar dosass, ﬂrerAnUCatras(naldubiteﬂ/ﬁ'omlt@ (perter X d using a
di sposabl e nmedi cal nebulizer that provided an aerosol with a nass

nedi an g@248]y NEdth Gf GiesRiRindf inFExdnipldsn -f sbsletvetionitostel i thiz agddy
Ander sen cascade i npactor. The nebulizer is connected to a dosineter

syst em daergdled foﬁgn&‘U(éoﬁé’qléﬁﬁéﬁdlgb@lbéfhahﬂoﬁmé@ﬁEQSaém%lé‘ﬁ‘}i’@@sﬂééd air

(20 psi )m%i\[gg Qut put of the nebulizer is 30 directed into a plastic
T- pi ece @Wd of which is connected to the inspiratory port of a
Example E
25 Asthma Models (E1)

[0246] Inflammatory conditions mediated by a4f; integrin include, for example,
eosinophil influx, airway hyper-responsiveness and occlusion that occurs with chronic
asthma. The following describes animal models of asthma that are used to study the in

vivo effects of the compounds of this invention for use in treating asthma.
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piston respirator. The solenoid valve is activated for 1 second at

t he begi npj f %#e inspiratory cycle of the respirat e%
are de|i3§P3@“@?l of 500 nL and a rate of 20 breaths/%FﬁG@gkai 2%@6
sodi um bi carbonate solution only is used as a control. [0253] To
assess bronchi al responsiveness, cunul ative concentration-response

curves to carbachol is generatreg Atk@hModel (B2)Abr aham (1994) .
Bronchi al biopsies are taken prior to 5 and following the initiation

of trealjgesf] ayliodAnd' e o%ﬁ%m%ded&ﬁb&pgyeh th&)8€al., ARICRED! CHE TR es
are pr ef[or mgd accor di n pro Abr aham (19 4@%@0254]‘1% in vis?ro o
- &l

adhes ij_o Med.uti3-SfAZINME SPé)Sandedegmagpé ¢l.c Rasp erip Ere¥aedl 55:4, A8
o 0 et I R BRI, OO
s S endP 2Bl SRR Bl elat bl sl i SRR 1 gty mad

Sodi um Bhzekd @) @ Browdl Netvai s bn 38Y 0! 1§ectichd Bf O ATtogethef el iaBitivakd am

/100. 0 nl” Fi nal” Concentration Sodi um Bi carbonate 0.5 g 0.5% Sal i ne
q.s. ad aro@peated ogdays THgndibhoPn day 21, sensitized animals are resirained in plastic

tubes and exposed (60 minutes) to an aerosol of OA (10 mg/kg) in a nose-only exposure
system. Animals are sacrificed 72 hours later with pentobarbital (250 mg/kg, i.p.). The

10  lungs are lavaged via a tracheal cannula using 3 aliquots (4 mL) of Hank's solution (HBSS

'x 10, 100 ml; EDTA 100 mM, 100 mL, HEPES 1 M, 25 mL; made up to 1 L with H,0);

recovered cells are pooled and the total volume of recovered fluid adjusted to 12 mL by
addition of Hank's solution. Total cells are counted (Sysmex microcell counter F-500,
TOA Medical Electronics Otd., Japan) and smears are made by diluting recovered fluid (to

15  approximately 106 cells/mL) and pipetting an aliquot (100 pl) into a centrifuge (Cytospin,
Shandon, U.K.). Smears are air dried, fixed using a solution of fast green in methanol (2
mg/mL) for 5 seconds and stained with eosin G (5 scconds) and thiazine (5 seconds) (Diff-
Quick, Browne Ltd. U.K.) in order to differentiate eosinophils, neutrophils, macrophages
and lymphocytes. A total of 500 cells per smear are counted by light microscopy under oil

20  immersion (x 100). Compounds of this invention can be formulated into a 0.5%
carboxymethylcellulose and 2% Tween 80 suspension and administered orally to rats
which had been sensitized to the allergen, ovalbumin. Compounds which inhibited
allergen-induced leucocyte accumulation in the airways of actively sensitized Brown

Norway rats are considered to be active in this model.

25 Mouse Asthma Model (E3)

[0249] Comf)ounds are also evaluated in a mouse model of acute pulmonary
inflammation following the procedures described by, Kung, et al., Am J. Respir. Cell Mol.
Biol., 13:360-365, (1995) and Schneider, ef al., (1999). Am J. Respir. Cell Mol. Biol.
20:448-457, (1999), which are each incorporated by reference in their entirety. Female

30  Black/6 mice (8-12 weeks of age) are sensitized on day 1 by an intraperitoneal injection of

0.2 mL ova/alum mixture containing 20 pg of ova (Grade 4, Sigma) and 2 mg inject Alum
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Procedure: 151. Add 0.5g sodi um bi carbonate into a 100 nL vol unetric

flask. 2.wHdgo7epiecaxi mately 90.0 nlL saline and soni cat e pghiishoo7/062824
dissolved. 3. QS. to 100.0 nL with saline and m x thoroughly. B.

Preparation of 30.0 ng/nL Conmpound: 10.0 nL Ingredient Gam/ 10.0
mL Fi nal Concentration Conpound 0.300 g 30.0 ng/nL 0.5% Sodi um
Bi car born(®ieece). Shboster iBjeotitn Baldntinistered.om. dagd 41Nl ara phajlesgaﬂorﬂdﬂ}%&s

vol unet rite 2ppydiaccoustizagi Vi a ting S BRI S0 minsfes Migs Srsqihpnized and
.b's cgg%{@%ﬁh@vﬁggﬁ\%@aﬁb@ 3 #L)) @R collBetePBR UERSE, 48MHouts fdiefirempound
challenge. Eosinophils are quantified by a FACS/FITC staining method. Compounds of
5  this invention are formulated into a 0.5% carboxymethylcellulose and 2% Tween 80
suspension and administered orally to mice which had been sensitized to the allergen,
ovalbumin. Compounds which inhibited allergen-induced leucocyte accumulation in the

airways of actively sensitized C57BL/6 mice are considered to be active in this model.

Sheep Asthma Model (E4)

10 [0250] This model employs 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 incorporated by reference in their entirety. Compounds of this
invention are evaluated by intravenous (saline aqueous solution), oral (2% Tween 80,
0.5% carboxymethylcellulose), and aerosol administration to sheep which are

15  hypersensitive to Ascaris suum antigen. Compounds which decrcase 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.

[0251] Allergic sheep which are shown to develop both early and late bronchial

20  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 incubated with a cuffed endotracheal tube through the other nostril

with a flexible fiberoptic bronchoscope as a guide.

25 '[0252] Pleural pressure is estimated according to Abraham (1994). Aerosols (see
formulation below) are generated using a disposable medical nebulizer that provided an
aerosol with a mass median acrodynamic diameter of 3.2 um as determined with an
Andersen cascade impactor. The nebulizer is connected to a dosimeter system consisﬁng
of a solenoid valve and a source of compressed air (20 psi). The output of the nebulizer is

30 directed into a plastic T-piece, one end of which is connected to the inspiratory port of a

piston respirator. The solenoid valve is activated for 1 second at the beginning of the
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WO 2007/ 101165PCT/ 1JS2007/ 062824 4.Q S. to 10.0 nL with 0.5% sodi um
bi car bonaye spopRiigde stock solution and m x thoroughly. potAebE/ 062824
Adj uvant - I nduced Arthritis in Rats 5 [0256] Adjuvant induced

arthritis ("AlA") is an aninmal nodel useful in the study of
rheumatoid arthritis ("RA"), which is induced by injecting At

t uber cul ingiimtdrp cydle obtwaespiratdre Aerosblsaie dadivesedrad V. ofti@vmband 8 raedf 15

o e 10 DRSS i Biseee BRafBE Pl s R aRnt 1

to alter hind paw swelling and 1Q bone damage resulting from adj uvant
i nduced [@&Ha Toassss ronféuﬁ GERPTYVANESS, ﬁ‘&nPlﬁﬁY%‘FQnF%‘HT%IPnﬁFW&nWW“ to

swel lin n baye
R b i i T S e R T b TR S A
secondarapd dollewieg tlexdinitiatidn pé weatwientand@drieued dfier betiganschddenge o prorghial

bout el d th duc f t th ted
SaS’v“ Re TS ARt apsut B Aoed Pt  on (< an 15ei ndl cat §on

h. Rh 1135-1141
Crov7) - DB8A5] AR vifo 3dbesiandfiief Alyeon Hesonyaze 46 apke RHABIEL one
to st Udyac%%ﬁ i‘%% |t anf 199 ahdY bﬂé&%@%ﬁd&ﬁﬁﬁfp@s ehiB&allatkn®

di sease expressi oh on macr ophages an ocytes Is up
regul ated during the early devel opnment of adjuvant arthritis, whereas
20 LFA 1 expression is up regul Aexssol farmnlationt he devel opnent of the
di sease. Understanding the interactions between adhesi on nol ecul es
and 18ndd02&8]i warselutiomef @anlbmmslm &5%g;eé1umb1aarpmﬁsalmt(m‘v)tats coul d

| ead to si n|f can (ggv 3|nth hlfdtslusedlnthetreatmant of
RA ExarfBreni=berat3 dt ek R RN R OR35S | Pur pose: To
determ ne the eff| cacy of a representative conpound of the invention
(" ConpoundAAPyepdtation of 8.5046! Soilivpe Bivagbeinte NGaliieStock Sdhutiod)00.0 mL
inhibition of the inflammation, cartil age destructi on and bone
re;sor pti 826 Nidred@icAt!’ S 1 N deve(f;mhmmdwm 1T cOFhRg Condbntiatién S | n
r : Fen CEWS T HaRT

125-8150[9 OJSOL?\IEI:I{EC?[{)\?%?EGCSL g e alt zgt:ll 63%)1 co- ?zlaggllu Bl S
on days 10 | Saling £ OB GH-OHBS CLJ dnr]«bUO 1 A ;qﬁ'&f Q@dmm £ oy

- [ oy == T LAY ) ~J e CATTITI 11 - \JT LEAYAY ] LI YAl
’ 7 I ~ \ J 4

arthritis, 4/group for nornmal control) housed 4-5/cage, were
accl i mat ed f(ﬂfowdgredays The ani mal s were dosed at po3ng/ kg bid,

Pol O K0 51 4, 2R SeYamucon AR ML Bl or oruos

met hot r exat e 2( S| gredd a@mmnmtediy 20.Canlesadine Sndlst)nlmsuml di®abh2{. Dosi ng
was fnitiat ed on d(fg 3 lrb% 0 mL with saline and mix thoroughly.

B. Preparation of 30.0 mg/mL Compound: 10.0 mL

Ingredient Gram / 10.0 mL Final Concentration
Compound 0.300 g ' 30.0 mg/mL
0.5% Sodium q.s. ad 10.0 mL q.s ad 100%

Bicarbonate / Saline
Stock Solution

20 Procedure:
1. Add 0.300 g of the compound into a 10.0 mL volumetric flask.
2. Add approximately 9.7 mL of 0.5% sodium bicarbonate / saline stock
solution.

3. Sonicate until the compound is completely dissolved.
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[ 0263] The acclimted animals were anesthetized with isoflurane and
gi ven colyageidsni ections (DO . On day 6 they were a%%hﬁ@@']@?ﬁu
again for the second collagen injection. Collagen was prepare y
making a 4 ng/nmL solution in 0.01 N acetic acid. Equal volunes of
col l agen and Freund' s i nconpl ete adjuvant, were enulsified by hand
m xing until 4 beay.Sofo 1000 MIIRRitE0I534 sdiddd bidagbdnateMsuiestedkaeationhAnd
wat er. Each anjnmal received 300 AL of the m xture each tine spread
over 3 siteslﬁﬁtb@@Rgm15[0264] Cal i pering of normal (pre-disease)
right and left ankle joints were done on day 9. On days 10-12, onset
of arthritis occured. [0265] Rats WasampleFghed on days (-) 1, 6,
9,10,11, 12,13, 14, 15,16, 17,18,19, and 20 of the study and cali per

measur enents of ankl es ta&‘?@“@@%dﬂ@ﬁéfﬁkgﬁim‘ﬁp day 9. Final body

wei ghts were taken on day ter y wel ght neasurenent,

i | 204 3 i " W ) h
cut an, 08001 GAURT AR B AR L o B MR S Rl "
wer e weirbdeabtoidlaatheits (‘%’DBWhﬁ?éé in'titlce‘l‘éldj"yr’iﬁ6 jlgbilﬁlll@w ntbh?méq&fsdnelse_sMe bor
m croscopy, .Processing of Joints ng 1- ays 1n
fixat v éhe il of ﬁ@ﬁs}-asg me‘?“nfb)@aﬁc‘?aﬁfﬁ Qllo"\_fc%ﬂ%?“\g?ﬂ?g% gnAb Sewiona, o
cut in '&@‘Hre,lgsi’g%%s%d}ﬁﬁt%: knees were cut in half in the frontal

pl ane, proce enbedde sectioned and stained with tol uidine

bl e, : i b q
o cont AP SSROUE cABFIFD I EhEr e WA 0 ahdt ol S Ep B
hi s UOPatbgndla dgna@reslﬂﬁ?@ ﬁcgwaﬁ&n&ﬁﬂgggmﬁgl fhtsrg]édégmﬁ?tcsmf ]Eimti’gitibg) f
Exanpl e uction,o Jtis in - s e icacy,o
thengo_nﬁéh Wpast swalling,resulting fipy {15 hpscs &6 Bl _W?Ee fintd:
det erm Refnt Rritdefy SHAYscboRARAR e 130 pr LA RBY o SARRGAT hiri e Ky ©

been uti'llzed as "an ani mal Todel of I|nflammtory Bowe ase which
m mi cs @awhwhichPeseraly beginhdewehopingldbout elewenalays Eopr ths sndubgomhofran MHC
class | .HLA-B27 he . chain and,beta-2 mc | obul i.n proteins, which
nduces RRRIAT R iR hah R acRat eb e e Brdios ubrRb iR e on of
t he 1s0! @idicdtda Fimdiaoduppraasioshétivitgl ICFCChatly, AMRPREAMM L2®I 11801341
invention in resolving colitis was 10 evaluated in HLA-B27 transgenic
rats. Di(8¥H3ed rats were dosed subcutaneously w th 100ng/ kg of
Conpound A of this invention twice a day for 16 days. Aninmal sanples
dosed wi[0358] 00ssirgkan afim@bmpdelod RA, sfich &6 A1A,renabics one tolstudydhetdliularal
and hi st ol gi cal fes | ut ilon of cfﬁl:ll éj S aneﬁﬂhm cked sim|l ar ﬁffi cagy
With th&"?fg IvPYEd SHHE BT §PBET L P e SR C WU AP S HP T RA PP RS 1
005/ 3.  Iymphocytes is up regulated during the early development of adjuvant arthritis, whereas

20 LFA 1 expression is up regulated later in the development of the disease. Understanding
the interactions between adhesion molecules and endothelium at the earliest stages of
adjuvant arthritis could lead to significant advances in the methods used in the treatment
of RA.

Example G

25 Collagen Induced Arthritis in Rats
[0259] Purpose: To determine the efficacy of a representative compound of the
invention (“Compound A”) administered by po bid dosing (Days (-1) —20) for inhibition
of the inflammation, cartilage destruction and bone resorption that occurs in developing

type II collagen arthritis in rats.
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15[ 0271] Di sease Activity Index (DAI) scores indicated overall

I mpr oved for rats dosed with 100nkg of Conpound |

i nventi on‘ﬁg%&i@ﬁ]ﬁ kg of 005/3 (positive control) than F’é?gfsa@?@gm“
wi th vehicle. Fecal consistency and FOB scores for rats dosed with
Compound A and 005/3 were statistically different fromthe vehicle

group. Ipgsnt | ARinkls: G Bdrhale 2OwlsQats THardtsh) HvéipBag 109:130\WesKarioA Winject
d df Rat s "accl d I

transgenic _rats were ordere rom Taconi C. | mat e N anl na
faci |l i ty50rwith ¢gllagemtosget Alirespondersion daysvids! 1nd 2ded 6 faraups of i 0o rBistanimelss

[027] Aa0eor Bt Ul fof bl oSS} ADFER Ty cdgeotife PRERI IR RS
ver e dosed Subout ancouely Wit Compound A TOOTOrkS, (B 278) (o ce .

day &or [3f61jayMaiiethld exsgén)ﬂadﬁﬂugstm%m&hr cswgehpﬁreﬂﬁ&yn&oglpcéwded

a vehicle-treated (pl-'l 2) group and a 005/ 3 (nouse anti-rat pha- 4
i nt egr i nduvantyowihotrenatt (Sigmagdrnmpsiund®doup dosed subcut aneously at
10ng/ kg (5 nL/kg) on dO d3, and d6 and term nated at trough on d8

(Tabl e H1). Conpound A and m&ggg%ggmg%g&uszoow 062824 vehicle
ays.” 1a

treatnments were fornul ated every e HI St udy Design for
| BD. Tr ?ﬁ%ﬁntDozsiﬁgngéskﬂ/itga%@0193:%1981%? 1‘\/oI . (nmL/kg) Route Frequency
[0263] The acclimated animals were anesthetized with isoflurane and given collageﬁ
10  injections (D0). On day 6 they were anesthetized again for the second collagen injection.
Collagen was prepared by making a 4 mg/mL solution in 0.01 N acetic acid. Equal
volumes of collagen and Freund’s incomplete adjuvant, were emulsified by hand mixing
until a bead of this material held its form when placed in water. Each animal received 300

pL of the mixture each time spread over 3 sites on back.

15 [0264] Calipering of normal (pre-disease) right and left ankle joints were done on day 9.
On days 10-12, onset of arthritis occured.

[0265] Rats were weighed on days (-) 1, 6, 9,10,11,12,13,14,15,16,17,18,19, and 20 of
the study and caliper measurements of ankles taken every day beginning on day 9. Final

body weights were taken on day 20. After final body weight measurement, animals were

20 anesthetized for terminal plasma collection and then euthanized.

[0266] Both hind paws and knees were removed, Hind paws were weighed, placed

(with knees) in formalin and then processed for microscopy.

Processing of Joints

[0267] Following 1-2 days in fixative and then 4-5 days in decalcifier, the ankle joints
25  were cut in half longitudinally, knees were cut in half in the frontal plane, processed,

embedded, sectioned and stained with toluidine blue.

[0268] Compound A demonstrated significant inhibition compared to controls receiving
no treatmentof ankle inflammation and ankle histopathology at doses tested (3.0mg/kg,
10.0 mg/kg and 30.0 mg/kg). '
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Forrmul ation Vehicle 5 0 0 SCb.id 9% Saline, pH 3.3 0.with | ON NaCH

Conmpound WoSedA@11sSC b.id 0.9% Saline, pH 2.8 with | ONpNaR,d7R63 20

30 5

10

15

20

25

Example H

Induction of Colitis in HLA-B27 Rats

[0269] The efficacy of the compounds of the present invention in reversing colitis was
determined in HLA-B27 transgenic rats. HLA-B27 transgenic rats have been utilized as an
animal model of Inflammatory Bowel Disease which mimics Crohn’s Disease in humans,
The rats overexpress the human MHC class Il HLA-B27 heavy chain and beta-2
microglobulin proteins, which induces a variety of autoimmune diseases that include

inflammation of the colon.

[0270] The therapeutic effect of Compound A of this invention in resolving colitis was
evaluated in HLA-B27 transgenic rats. Diseased rats were dosed subcutaneously with
100mg/kg of Compound A of this invention twice a day for 16 days. Animal samples
dosed with 100mg/kg of Compound A of this invention showed clinical and histological
resolution of colitis and mimicked similar efficacy with the positive control group treated

with anti-alpha4 antibody GG5/3.

[0271] Disease Activity Index (DAT) scores indicated overall improved scores for rats
dosed with 100mg/kg of Compound A of this invention and 10mg/kg of GGS5/3 (positive
control) than rats dosed with vehicle. Fecal consistency and FOB scores for rats dosed

with Compound A and GG5/3 were statistically different from the vehicle group.

Induction of Colitis

[0272] 20 HLA-B27 (6-9 weeks old) transgenic rats were ordered from Taconic. Rats
acclimated in animal facility for 10 weeks. Animal bedding was mixed from different

cages once a week to control for a “dirty” environmental flora.

Treatments

[0273] Rats were enrolled and randomized into four groups (n=>5) based on weight and
DAI scores (FC >3, FOB >2). The experimental groups were dosed subcutaneously with
Compound A 100mg/kg (pH 2.8) twice a day for 16 days and terminated at trough. The
control groups included a vehicle-treated (pH 3.2) group and a GG5/3 (mouse anti-rat
alpha-4 integrin antibody) positive control group dosed subcutancously at 10mg/kg (5
mL/kg) on d0, d3, and d6 and terminated at trough on d8 (Table HI). Compound A and
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SC Day 0, 3, & 6 I x PBS SC = subcutaneous Endpoi nt Read-outs [0274]
Di sease Agbi¥éiiv1ig8dex scores, Fecal Consistency test anpgrhesslos2s24
Cccult Blood 5 test, were taken 4 tinmes a week to generate in-life
clinical scores. The primary read-out for the study was a

hi st opat hol ogi cal anal ysis of cecum proximl colon, md-colon, and
di stal cehivle treatmentBRrese formnbptalesesn’ das. appl i ed (Table H2). Table
1121 BD Scoring System Multi pl e Endpoints A Destruction of epithelium

d glands B Dilatati | ts G ti d | f
ool &t cel s D 1 nf armar orpolRE | Rry B toralnf, " 7 00 °

Dose Dose
Treatment | N Yol Route | Frequency Formulation
(mg/kg/day) (mL/kg)

. . 0.9% Saline, pH 3.3
Vehicle 5 0 0 SC b.id with 10N NzOH
Compound b.id 0.9% Saline, pH 2.8

A 3 100 3 SC with 10N N2OH
GG5/3 | 5 30 5 sc | D&y 06 3 & 1x PBS

SC = subcutaneous

Endpoint Read-outs

[0274] Disease Activity Index scores, Fecal Consistency test and Fecal Occult Blood
5  test, were taken 4 times a week to generate in-life clinical scores. The primary read-out for
the study was a histopathological analysis of cecum, proximal colon, mid-colon, and distal

colon.. An IBD scoring system was applied (Table H2).

Table H2 IBD Scoring System

Multiple Endpoints

Destruction of epithelium and glands
Dilatation of glandular crypts
Depletion and loss of goblet cells
Inflammatory cell infiltrates

Edema

Vascular congestion

Crypt Abscesses

Atrophia

Tlol=mmlola|w]| >

10 [0275] Disease Activity Index (DAI) scores were lower for rats dosed with Compound A
and GG5/3 (positive control) than the vehicle group. Fecal Consistency and Fecal Occult
Blood Test AUC scores for Compound A and GG5/3 (positive control) dose groups were

also statistically different from the vehicle,

[0276] While some embodiments of the invention have been illustrated and described, it
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F Vascul ar congestion G Crypt Abscesses H Atrophia 10 [02751 Di sease
Activityy d6nbf6% ) scores were |ower for rats dosed wp¢huSamonesiss A
and 005/ (?p05| tive control) than the vehicle group. Fecal

Consi stency and Fecal QOccult Bl ood Test AUC scores for Conmpound A and
005/ 3 (positive control) dose groups were also statistically

di f f er endillbe apprebiated elvit vheoud dhadgds chbé made theranbodiowedepartiog fromethe
invention have been_illustrated and described, it 72 wll be

appr eci &pigidandgoopg 8f thsiavedtighges can be made therein without
departing fromthe spirit and scope of the invention. WHAT IS
CLAIMED |1 S: 1. A conpound of formula!: 5wherein: R is selected from
the group consisting of Cl1 to C4 alkyl and C1 to &4 hal oal kyl; and

R2 is selected fromthe group consisting of Cl to C4 alkyl, C to C4
al kenyl, C2 to &4 al kynyl, and C3-05 cycl oal kylV, 10or
pharmaceutically acceptable salts, or esters thereof. 2. The conpound
according to Caiml, wherein Rl is Cl to C2 al kyl.
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3. The compound according to Claim1, wherein R is nethyl or

trifluorowetbyltoiks The conpound according to Caiml, waerskouidb2scd

nmethyl . 5. The conpound according to Caiml, wherein RRis Clto (4

al kyl . 15 6. The conpound according to Claim1l, wherein R is Cl to C3

al kyl. 7. The conmpound according to Claim®6, wherein R2 is nethyl or

et hyl . SWHARISChAdMED Kecording to Claim6, wherein R2 is isopropyl.

9. The conmpound according to Caim1l, wherein RR is C3to C6

cycl oal Kyl . 14 commpeurcioofifornmda&ccording to aim9, wherein R2 is

cycl opentyl. 20 11.The co ound according,to Claim1l, wherein R2 is
rdi n

C2 to 4 al kenyl. 12. Th nd gto Cla|m11 wherein R2
is allyl. 13. The corrpound alccor di 1 wherein R is C to
C4 al kynyl. 14. The conpouydgccogdi a m 13, wherein R2 is

| a II

propargyl. 15. A conpound or wherein: Rl is selected
fromthe group consisting Cifft o e al kyl and Cl to Cdhal oal kyl; 5
and R2 is select edR{U}m he group consisting of Cl to C4 al kyI
C2 to ¢4 alkenyl, C2to C4 al I?ynyl and C3-C6 cycl oal kyl ; or
pharmaceutically accept abl‘é salts, or esters, thereof.

1|

5 wherein:
R! is selected from the group consisting of C; to C alkyl and C; to C4 haloalkyl;
and
R? s selected from the group consisting of C; to C4 alkyl, Cs to Cq alkenyl, C; to
C4 alkynyl, and C3-Cs cycloalkyl\,
10 or pharmaceutically acceptable salts, or esters thereof.
The compound according to Claim 1, wherein R is C; to C; alkyl.
The compound according to Claim 1, wherein R' is methyl or trifluoromethyl.
The compound according to Claim 1, wherein R' is methyl.
The compound according to Claim 1, wherein R* is C; to Cq alkyl.
15 The compound according to Claim 1, wherein R*isCito C; alkyl.
The compound according to Claim 6, wherein R? is methyl or ethyl,

The compound according to Claim 6, wherein R* is isopropyl.

A S T AT Ll

The compound according to Claim 1, wherein R? is C; to Cs cycloalkyl.

The compound according to Claim 9, wherein R? is cyclopentyl.

—_
e

20 The compound according to Claim 1, wherein R? is C; to Cg4 alkenyl.

fa—y
Pt

The compound according to Claim 11, wherein R? is allyl.

— et
W

The compound according to Claim 1, wherein R? is C, to C4 alkynyl.

.
>

The compound according to Claim 13, wherein R? is propargyl.

ot
b

A compound of formula II:
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16. The conpound according to Caim 15, wherein Rl is Cl to C2 al kyl.
10 17. Thewoawwprisitssaccordi ng to C aim 15, wherein R i s pggidtedor@62824
trifluoronethyl. 18. The conpound according to C aim 15, wherein Rl

is nethyl. 19. The conpound according to Caim15, wherein R is Cl
to C4 alkyl. 20. The conpound according to Claim15, wherein R2 is Cl
to C3 alkyl. 21. The conpound according to Ca™m 20, wherein R2 is
nmet hyl or ethyl. 15 22. The Wnd accord ng.t@g G aim 20, wherein R2
is isopropyl. 23. The compoung accor @ tof Claim16, wherein R2 is
C3 to C6 cycloal kyl. 24. The.cqppoyntsaecording to Caim 23, wherein
R2 is cyclopentyl. 25. The donmppund according to Caim15, wherein R2
is C to ™4 al kenyl. 26. The™¢drm@Untboaccording to C aim 25, wherein
R2 is allyl. 20 27.The co nd dtcor di ng to Caim15, wherein R2 is
C2 to C4 al kynyl. 28. The%ﬁp(\)ﬁnd according to Cl aim27, wherein R2
is propargyl. 29. A conmpouna® selected fromthe group consisting of:
(S)-2-(2-(diethylam no)-5-(N-ethyl-1, 2%, 1-

trifluoronethyl sul fonam do) pyri m di n-4-yl am no) - 3- (4- (pyrrolidine-1-
25 car bonyl oxyhepgiany! ) pr opanoi ¢ aci d;

(S)-2-(2-(dietshyl am no) -5-(N-i sopropyl met hyl sul f onam do) pyri m dj n- 4-
yl ami no) - 3- ( R @pyeleced %{Pw@,t Pgwpt&sﬁwtmgﬁfﬁﬁé%%y bidei to Cadplpalkyl;
(S) - g-(%héN- cycl opent yl met hyl sul f onam do) - 2- (di et hyl am no) pyri m di n-4
- ylam no)-3-(4-(pyrrolidine-|-carbonyl oxy)phenyl ) propanoi c aci d;

(S) - 2- ( 2- ( di Ry badedtebirofi-theigroaplophsistingydf € lté Gaatkyt €y Cs mikenyl; € to

yl am no); 3-(4- (pyrrol i di ne-|-carbonyl oxy) phenyl ) propanoi ¢ aci d;

5(S) - 2- &aelé’w{’ﬁéﬁg%dkcf)yc@a{‘kﬂﬂt( pr op- 2- ynyQmet hyl sul f onani do) pyri ni di n

- 4-yl am no) o3 phémdae¥itically dedeptdbicRlD R ¥étesythereny| ) propanoi ¢ aci d;
16.  The compound according to Claim 15, wherein R' is C, to C; alkyl.

10 17.  The compound according to Claim 15, wherein R' is methyl or trifluoromethyl.
18.  The compound according to Claim 15, wherein R' is methyl.
19. The compound according to Claim 15, wherein R%isCyto Cy alkyl,
20, The compound according to Claim 15, wherein R%is C; to C; alkyl.
21.  The compound according to Claim 20, wherein R? is methyl or ethyl.
15 22.  The compound according to Claim 20, wherein R? is isopropyl.
23.  The compound accordiﬁg to Claim 16, wherein R? is Cs to Cs cycloalkyl,
24,  The compound according to Claim 23, wherein R? is cyclopentyl.,
25. The compound according to Claim 15, wherein R%is C; to C4 alkenyl.
26.  The compound according to Claim 25, wherein R? is allyl.
20 27.  The compound according to Claim 15, wherein R*is C; t0 C4 alkynyl.
28.  The compound according to Claim 27, wherein R? is propargyl.
29. A compound selected from the group consisting of:
(S)-2-(2-(diethylamino)-5-(N-ethyl-1,1,1-
trifluoromethylsulfonamido)pyrimidin-4-ylamino)-3-(4-(pyrrolidine-1-
25  carbonyloxy)phenyl)propanoic acid;
(8)-2-(2-(diethylamino)-5-(N-isopropylmethylsulfonamido)pyrimidin-4-
ylamino)-3-(4-(pyrrolidine-1-carbonyloxy)phenyl)propanoic acid,
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(S)-2-(2-(diethylan no)-5-(Nethylmethyl sul fonam do) pyri m di n-4-

yl am no) -wolfewsyiesol i di ne-1-carbonyl oxy) phenyppr opanoi ecanigioor/o62824
(S)-2-(5-(N-allyl nmet hyl sul fonam.do) - 2- (di et hyl am no) pyri m di n-4- 10
yl am no) - 3- (4- (pyrrolidine-1-carbonyl oxy) phenyl ) propanoi ¢ aci d;
(S)-2-(2-

(di et hyl ani no) - 5- (8-2t(GyMNocyojopentylmethpisulinayidop-2H diethylairamd )npimBHE-4- (

lid | d.
?é; r(2) I(Q} l?@“ﬂﬁ?ﬂ?&@@f‘ﬁé@g’c Mgﬁfgﬁﬁ%l&6§£g?m(°&°& hyl ani no) - pyri md
1505 2 (5 (3 chi o B R aSh it P 3O et RbRGAORIAL AL &
(di et hyl); o)- M#-t(pymtbltdme-%carhon xgphenylpyenandicdicite- | - car bonyl oxy) ph

(S 8PS0 (b et nyl AM-Aesp-Gictylasping)-S-§eon vy mmp ieniforeceifBE e -
pyr ijm' didayl4mit o3 (@Ao)pyRrolidine AyédiBdnyibixydphengldpropaisioadid;phenyl ) pr opanoi c
yri _

§|o< S) -2 (2- (di et h>(S)131(3dﬁﬁélyeméﬂh%(ﬂr%bﬂn@mﬁwﬁam?wi&t- .
ERN AR G b R St
SRR o ((?SfT(?mdammh??gwmﬁ{f?&gwmmﬁﬁ? oo

5. {8 ohafrmbons 1@ LR B S | A A MY R My

accept a% thSrPa‘h{]h %tﬁylﬁﬂt?[s?ﬁ@ﬁnhﬁ@jpgﬁnﬁ&ﬁﬁﬁﬁhﬂﬁcﬁ@%yﬁ{)hS’i'ﬂ@-10r

nor e of ecorrp sass orth in aiml1l.”31. T of the
phar nacealtbbnyalbxy)phmé)-pmpanm{:amﬂal m 30 in the manufacture of a

di t f t ti | d t le 1
Mtegrin in a pat (ShC-(enisso e Tpeosmin oasmisf guditatanso iltidin
of the pbAsMRGSS I(HC@SHT@H@MQSLéakKthfoyFﬂIﬁhﬁDﬁdedﬂndaﬁ@d manuf acture of a
medi canent for reduczﬁeg(3 hIor reventln an lnflarmatory conmponent

(P&

of a5disease in a(fk mthylpr -surlf@n@sléom- t he

phar maceut jical . |__ :

medi ca@%@%@ﬁ@%ﬁ%ﬂan e@’grnj ngdlégqa%%m%g{ é)%n 9% a
manmmal i agidpati ent.  34. The use of claim 31, wherein the d| sease i s »
sel ected from asthma | e sclerasis nt | am*ratosé1 bowel

d i
disease. 35. The(¥s& (%'f(dl@’Fhé[MWBQ) S-iestisl %a%@ﬁv%rea@ey feragHio)s
di S€AS€ yyrimidin-4 -ylanuno)—3—(4—(pyrrohdme-1—cgrbonyloxy)phenyl)propano1c acid;

20 (8)-2-(2-(diethylamino)-5-(N-ethylpropylsulfonamido)pyrimidin-4-
ylamino)-3-(4-(pyrrolidine-1-carbonyloxy)phenyl)-propanoic acid; and
(S)-2-(2-(diethylamino)-5-(N-ethyl-2-methylpropylsulfonamido)pyrimidin-
4-ylamino)-3-(4-(pyrrolidine-1-carbonyloxy)-phenyl)propanoic acid,
as well as pharmaceutically acceptable salts or esters, thereof.
25 30. A pharmaceutical composition comprising a pharmaceutically acceptable carrier
and a therapeutically effective amount of one or more of the compounds as set forth in

Claim1. R

31, The use of the pharmaceutical composition of claim 30 in the manufacture of 2

medicament for treating a disease mediated at least in part by a4 integrin in a patient.
. B . - R ——
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36. The use of claim 31, wherein the di sease is rheumatoid arthritis.

37. A rret‘?}g%g piRseparing a conpound of formula I: 2001,%@821‘5
sel ected rom e group consisting of C1 to C4 al kyl an Clto
hal oal kyl ; and R2 is selected fromthe group consisting of C1

to C4 alkyl, C to C4 alkenyl, C2 to C4 alkynyl, and C3-C6.
cycl oal kyl ; or pharmaceuti cal I y acceptable salts, or esters thereof,

‘20whi ch met H8d ¢ Jmprsesfshe phpmsaeuictlicpmposition AhARiRB 0dr the srampiestureofa | | |
‘Wwhere Pg is ﬁed&%mmlreﬁuag%&/bmeaﬁ&gan inflammatory Ydnigdnéht (;faa@a@%a

.al dehyde or ket one, to C4 al kenyl” al dehyde or ketone, C2 to C4
al kynyl al déﬂﬁ}lu@héwq{@ﬂfone C3- C6 cycl oal kyl ketone and benzal dehyde
under reductszve affk BaldraR C&Qx%bédtx@ﬂ%oﬁqﬁbsﬁfoﬁ‘éf aﬁmfs@rm fhe GRADELIE oPh
forrmula DI: Al-1R2 51V b)contactin onpound IV with a sulfonyl

hal i de of tW@dfcém?ﬂjlfﬁrﬂumzﬂdﬁﬂmf@’e@ﬁg@H%P@W#P%%%%mmaPB form
a conpound Qfgdprnul a Vi 10and c)renoving the carboxyl protecting

group to provide for a conpound of fornmula I
34 The use of claim 31, wherein the disease is selected from asthma, multiple

sclerosis and inflammatory bowel disease.
35, The use of claim 31, wherein the disease is Crohn's disease.

36. The use of claim 31, wherein the disease is rheumatoid arthritis.

37. A mecthod for preparing a;:ompound of formula I

R’\%/N\Rz
Q
I
wherein: ,
15 R!is selected from the group consisting of C; to C4 alkyl and C; to C4haloalkyl;

and
R? is selected from the group consisting of C; to C4 alkyl, C; to C4 alkenyl, C; to
Cs alkynyl, and C3-Cs cycloalkyl;
or pharmaceutically acceptable salts, or esters thereof,
20 which method comprises:

a) contacting a compound of formula III

o~ 1@ 1

COOPg

m

where Pg is a carboxyl protecting group;
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38. A nethod for preparing a conpound of formula I: 15wherein: Rl is
sel ected @bgmﬁIBQGgroup consisting of Cl to C4 al kyl angc@lusbedr/062824
Cdhal oal kyl; and R2 is selected fromthe group consisting of Cl to C4
al kyl, C2 to 4 allcenyl, C to C allcynyl, and C3-C6 cycl oal kyl ;
200r phar maceutical ly acceptable salts, or esters thereof, which
net hod conpr iveitisa CajecOptldehydegr &etoneypdiyid (Gifalkenyhaltiehyde oivketbnd) €hdo Pg

For "o coNBANUBGIE oF KERBAT scséﬁqaﬂwigatﬁﬁéﬁf AR A HE LI o

- S2R f.m &r&ﬂyﬁxﬁﬁs&%ﬁu@%ﬁ ol 8f dPmMialVi 0 provide a
conpouna orrru a Vill VI ntacting conmpound VIII with an
al kyl ati ng agent with a fopﬁuiNa/ﬂZE@
COOPg
NHR"’
3 v

b) contacting compound IV with a sulfonyl halide of the formula R'S0,Z

where Z is halo under conditions to form a compound of formula V:

o
TN N )]\
/L 0 D
NN
|
H)-\N COOPg
H

i\\ NR?
R s\\o
v
10 and
) removing the carboxyl protecting group to provide for a compound of formula I,

38. A method for preparing a compound of formula I:

/\N/\ OJ\
" ~ /(@ @
COOH

R‘\II A

b

15 wherein:
R! is selected from the group consisting of C; to C4alkyl and C; to Cyhaloalkyl;

and
R? is selected from the group consisting of C; to C, alkyl, C; to C4 alkenyl, Cs to
C4 alkynyl, and C3-Cs cycloalkyl;

20 or pharmaceutically acceptable salts, or esters thereof,
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wherein X is halo, or with dinmethylsulfate when R2 is nmethyl, to form

a conpoungoQborteifeer mul a | X a and d)renovi ng the car pexsis2007/062824
protecting group to provide for a conpound of fornula I.

10

15

which method comprises:

a) contacting a compound of formula VI

“~ (@ I

COOPy

VI
where Pg is a carboxyl protecting group;
with an excess of R’S0.X to provide for a compound of formula VII;

COOPg
/ \

RO,S SO.R'

VII
b) selectively removing a single -SO;R’ group from the compound of formula

VII to provide a compound of formula VIII:
/\N/\ OJ\
® (@ O
COOPg

RO;8” H

VIII
c) contacting compound VIII with an alkylating agent with a formula R*-X,
wherein X is halo, or with dimethylsulfate when R? is methyl, to form a compound of

formula IX:
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A NN e ),l\
~ 0

n N

l

H/ku COOPg
NR?

Y
0
IX
and
d) removing the carboxyl protecting group to provide for a compound of formula 1.
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