S T T A S S

WO 00/43372

10

15

20

30

ACYL DERIVATIVES WHICH TREAT VLA-4 RELATED DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
“This application claims the benefit of U.S. Serial No. 60/116,923,
filed January 22, 1999, and U.S. Serial No. 60/160,999, filed October 21,
1999; the disclosures of which are incorporated herein by reference in their

entirety.

BACKGROUND OF THE INVENTION
Field of the I .

This invention relates to compounds which inhibit leukocyte adhesion
and, in particular, feukocyte adhesion mediated by VLA-4.
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All of the above publications, patents and patent applications are
herein incorporated by reference in their entirety to the same extent as if
each individual publication, patent or patent application was specifically and

individually indicated to be incorporated by reference in its entirety.

State of the Art
VLA-4 (also referred to as o,P, integrin and CD49d/CD29), first

identified by Hemler and Takada' is 2 member of the B1 integrin family of
celt surface receptors, each of which comprises two subunits, an o chain and
a B chain. VLA-4 contains an o4 chain and a B1 chain. There are at least
nine B1 integrins, all sharing the same B1 chain and each having a distinct &
chain. These nine receptors all bind a different complément 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.?

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 stinmlus, activated vascular endothelial
cells express molecules that are adhesive for leukocytes. The mechanics of
leukocyte adhesion to endothelial celis 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
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~ 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®.

Inflammatory brain disorders, such as experimental autoimmune
encephalomyelitis (EAE), multiple sclerosis (MS) and meningitis, are
ekamples of central nervous system disorders in which the
endothelium/léﬁkocyte 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.

. | 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 niyocardial ischemia to
heart tissue can be further complicated by leukocyte entry to the injured
tissue causiﬂg still further insult (Vedder et al.’). Other inflammatory or
medical conditions mediated by an adhesion mechanism include, by way of
example, asthma®®, Alzheimer's disease, atherosclerosis®'?, AIDS
dementia'!, diabetes'>" (including acute juvenile onset diabetes),
inflammatory bowel disease?” (including ulcerative colitis and Crohn's
disease), multiple sclerosis!®!’, rheumatoid arthritis'*?!, tissue
transplantation®, tumor metastasis®?*, meningitis, encephalitis, stroke, and
other cerebral traumas, nephritis, retinitis, atopic demxatitis, psoriasis,

| myocardial ischexﬁia and acute leukocyte-mediated lung injury such as that

which occurs in adult respiratory distress syndrome.

In view of the above, assays for determining the VLA-4 level in a

biological sample containing VL.A-4 would be useful, for example, to
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diagnosis VLA-4 mediated conditions. Additionally, despite these advances
in the understanding of leukocyte adhesion, the art has only recently

addressed the use of inhibitors of adhesion in the treatment of inflammatory
brain diseases and other inflammatory conditions®**. The present invention

addresses these and other needs.

SUMMARY OF THE INVENTION

This invention provides compounds which bind to VLA-4. Such
compounds can be used, for example, to assay for the presence of VLA-4 in
a sample and in pharmaceutical compositions to inhibit cellular adhesion
mediated by VLA-4, for example, binding of VCAM-1 to VLA-4. The
compounds of this invention have a binding affinity to VLA-4 as expressed
by an IC;, of about 15 M or less (as measured using the procedures -
described in Example A below).

Accordingly, in one of its method aspects, this invention is directed
to a method for treating a disease mediated by VLA-4 in a patient, which
method comprises administering a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a therapeutically effective amount of

a compound of formula Ia and/or Ib:

R2
\)WL VAN w R ge
X and /k X
R? °><ﬂ/ R Q><I(
0 o]
Ia b

wherein, in formula Ja, R' and R?, together with the carbon atom and

W to which they are bound respectively, are joined to form an aryl,

PCT/US00/01686
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" cycloalkenyl, heteroaryl or heterocyclic group having at least five atoms in

the aryl, cycloalkenyl, heteroaryl or heterocyclic group and optionally
containing or additionally containing in the case of heteroaryl and
heterocyclic groups 1 to 3 heteroatoms selected from the gtoup consisting of
oxygen, nitrogen and sulfur, and wherein the he'téroaryl or heterocyclic
group is mono-cyclic;

in formula Ib, R! and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkeny! or heterocyclic group and optionally containing or
additionally containing in the case of the heterocyclic group 1 to 3
heteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur, and wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula Ia or Ib is optionally substituted, on any ring
atom capable of substitution, with 1-3 substituents selected from the group
consisting of alkyl, substituted alky!, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl,
thioheteroaryl, substituted thioheteroaryl, thioheterocyclic, substituted
thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(0),-alkyl, -OS(0),-
substituted alkyl, -OS(O),-aryl, -OS(O),-substituted aryl, -OS(0),-heteroaryl,
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-08(0),-substituted heteroaryl, -OS(0),-heterocyclic, -OS(O),-substituted
heterocyclic, -OSO,-NRR where each R is independently hydrogen or alkyl,
-NRS(O),-alkyl, -NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(0),-
substituted aryl, -NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,

5 -NRS(O);-heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O),-NR-
alkyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-
substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, -N[S(0),-R'], and -N[S(O),-

10 NR’], where each R’ is independently selected from the group consisting of
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic;

R? and R* are independently selected from the group consisting of
hydrogen, isopropyl, -CH,Z where Z is selected from the group consisting

15 of hydrogen, hydroxyl, acylamino, alkyl, alkoxy, aryloxy, aryl, aryloxyaryl,
carboxyl, carboxylalkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl,
carboxyl-substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic,
carboxy}-substituted heterocyclic, cycloalkyl, substituted alkyl, substituted

20 alkoxy, substituted aryl, substituted aryloxy, substituted aryloxyaryl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and

substituted heterocyclic, and
where R? and R* are joined to form a substituent selected from the
group consisting of =CHZ where Z is defined above provided that Z is not
25 hydroxyl or thiol, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
substituted cycloalkenyl, heterocyclic and substituted heterocyclic;
Q is selected from the group consisting of -O-, -S-, -S(0)-, -S(0),,
and -NR*;
R is selected from the group consisting of hydrogen, alkyl,
30 substituted alkyl, alkenyl, substituted alkenyl, cycloaikyl, substituted
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cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic

-or, optionally, R* and R or R* and R?, together with the atoms to which they

are bound, are joined to form a heteroaryl, a substituted heteroaryl, a
heterocyclic or a substituted heterocyclic group;

W is selected from the group consisting of nitrogen and carbon; and

W' is selected from the group consisting of nitrogen, carbon, oxygen,
sulfur, S(0), and S(O),;

X is selected from the group consisting of hydroxyl, alkoxy,
substituted alkoxy, alkenoxy, substituted alkenoxy, cycloalkoxy', substitted
cycloalkoxy, cycloalkenoxy, substituted cycloalkenoxy, aryloxy, substituted
aryloxy, heteroaryloky, substituted heteroaryloxy, heterocyclyloxy,
substituted heterocyclyloxy and -NR”R” where each R” .is independently -
selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic;

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof;

and further wherein the compound of formula Ia and/or Ib has a
binding affinity to VLA-4 as expressed by an IC;, of about 15:M or less.

Preferably, in the above method, R? is -(CH,),-Ar-R®, where Ar is
aryl, substituted aryl, heteroaryl and substituted heteroaryl; R? is selected
from the group consisting of z_u:yl, acylamiho, acyloxy, aminoacyl,
aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy,
oxythiocarbonylamino, thioamidino, thiocarbonylamino,
aminosulfonylamino, aminosulfonyloxy, aminosulfonyl, oxysulfonylamino
and oxysulfonyl; and x is an integer from 0 to 4. R* is preferably alkyl or
hydrogen; more preferably, R* is hydrogen.
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wherein R® and x are as defined herein. Preferably, R is in the para
position of the phenyl ring; and x is an integer of from 1 to 4, more

preferably, x is 1.

In a preferred embodiment, R’ is selected from -O-Z-NR''R'"" and
-O-Z-R" wherein R" and R are independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, and where R!! and R'"" are joined to form a heterocycle or a
substituted heterocycle, R is selected from the group consisting of
heterocycle and substituted heterocycle, and Z is sclected from the group
consisting of -C(0)- and -SO,-. More preferably, R’ is -OC(O)NR!'R"',
wherein R" and R'"" are as defined herein.

In the above method, Z is preferably -C(O)-. Preferably, Q is -NR*-.

In a preferred embodiment, the above method employs a compound
of formula ITa or IIb:

R3 R®

@\Q)i’/x I

RssO/ RS
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wherein R®, R¥ and X are as defined herein;
ring A and ring B independently form a heteroaryl or substituted
10 heteroaryl group having two nitrogen atoms in the heteroaryl ring;

15

20

30

R’ is selected from the group consisting of alkyl, substituted alkyl,

' alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted

cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl; |

R°® is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl,. substituted cycloalkyl, cycloalkeny!l, 'subsiimted
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R'® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

or optionally, one of, R* and ring A, R* and R%, R* and RS, or R’ and
R®, together with the atoms to which they are bound, can be joined to form a
heterocyclic or substituted heterocyclic ring;

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof; and provided that rihg B docs not form a 6-amino or substituted

amino pyrimidin-4-yl group.

Preferably, ring A forms a pyridazine, pyrimidine or pyrazine ring;

more preferably, a pyrimidine or pyrazine ring; wherein the pyridazine,
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pyrimidine or pyrazine ring is optionally substituted with 1 to 3 substituents
selected from the group consisting of alkyl, substituted atkyl, alkoxy,
substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen.

Preferably, ring B forms a pyridazine, pyrimidine, pyrazine, 1-oxo-
1,2,5-thiadiazole or a 1,1-dioxo-1,2,5-thiadiazole ring; more preferably, a
pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or a 1,1-dioxo-1,2,5-
thiadiazole ring; wherein the pyridazine, pyrimidine or pyrazine ring is
optionally substituted with 1 to 3 substituents selected from the group
consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and

halogen.

In anotber preferred embodiment, the method employs a compound

of formula IIIa, Illc, IIId, Ille or HIf:

Illc
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'N/LN R3 RY
| = X Id
R20 . T |
R R# o
. R
R17 _
S R3 R?
. | N . ' Ile
N~ N X
© R2 |la4" O
Qs
|
S

i |
RS_TH']; ){IKx me

wherein R?, R* and X are as defined herein;

R* is selected from the group consisting of hydrogen and alky! or,
optionally, one of, R* and RS, R* and RS, R’ and RS, R® and R®, or RS and
R®, together with the atoms to which 'they are bound, are joined to form a
heterocyclic, a substituted heterocyclic, a heteroaryl or substituted heteroaryl
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group optionally containing from 1 to 3 additional hetero ring atoms selected
from the group consisting of oxygen, nitrogen and sulfur;

R* is selected from the group consisting of hydrogen and alkyl;

R’ is selected from the group consisting of alky!, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl;

RS is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloatkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R'® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloatkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

R’ and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R and RY are independently selected from the group consisting of
bydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and

R" is selected from the group consisting of alky!, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R js selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkox.y, cycloalkyl, substituted
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“cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

heterocyclic, substituted heterocyclic and halogen;
R* is selected from the group consisting of alkyl, substituted alkyl,

~alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted -

cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;
bis 1or2; |
and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof.

Preferably, the method employs a compound of formula Illd, Ille or
IIIf.

In another of its method aspects, this invention is directed to a
method for treating a disease mediated by VLA-4 in a patient, which method
co:ﬁprises administering a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a therapeutically effective amount of

a compound of formula IVa and/or IVb:

RZ._. R

W RMR® )W'\ R>"<R'5 _
R1/U\T><X' and R™ N7 X
R13 R13
IVa IVb

wherein, in formula IVa, R and R?, together with the carbon atom
and W to which they are bound respectively, are joined to form an aryl,
cycloalkenyl, heteroaryl or heterocyclic group having at least five atoms in
the aryl, cycloalkenyl, heteroaryl or heterocyclic group and optionally

containing or additionally containing in the case of heteroaryl and
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heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic
group is mono-cyclic; '

in formula IVb, R! and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkeny! or heterocyclic group having at least five atoms in the
cycloatkyl, cycloailkenyi or heterocyclic group and optionally containing or
additionally containing in the case the heterocyclic group 1 to 3 heteroatoms
selected from the group consisting of oxygen, nitrogen and sulfur, and
wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula IVa or IVb is optionally substituted, on any
ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted alkyl, alkoxy, substituted atkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, balogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloaikyl, substituted thiocycloalkyl,
thioheteroaryl, substituted thioheteroaryl, thioheterocyclic, substituted
thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(0),-alkyl, -OS(O),-
substituted alkyl, -OS(O),-ary}, -OS(O),-substituted aryl, -OS(O),-heteroaryl,
-OS(0),-substituted heteroaryl, -OS(0),-heterocyclic, -OS(0),-substituted
heterocyclic, -OSO,-NRR where each R is independently hydrogen or alkyl,
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-NRS(0),-alkyl, -NRS(O),-substituted alkyl, -NRS(O)Z-aryl,I -NRS(0),-
substituted aryl, -NRS(O);-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(0),-heterocyclic, -NRS(O),-substituted hetérocyclic, -NRS(O),-NR-
alkyl, -NRS(O),-NR-substituted alkyl, -.NRS(O)zoNR-aryl,' -NRS(O),-NR-
substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, -N[S(O)Z—R’]z and -N[S(O),-
NR’], where each R’ is independently selected from the group consisting of
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic;

R® is selected from the group conStstmg of hydrogen, C,.,,alkyl,
Cy, and Cy-C, ,calkyl, wherein alkyl is optionally substituted with one to
four substituents independently selected from R?; and Cy is optionally
substituted with one to four substituents independently selected from R*;

R is selected from the group consisting of hydrogen, C,.,, alkyl,
Ca.10 alkenyl, C,.0 alkynyl, Cy, Cy-C, ;o alkyl, Cy-C,.1o alkenyl and Cy-C,,
alkynyl, wherein alkyl, alkenyl, and alkynyl are optionally substituted with
one to four substituents selected from phenyl and RX, and Cy is optionally
substituted with one to four substituents independently selected from RY;

or R, R" and the atoms to which they are attached togethér form a
mono- or bicyclic ring containing 0-2 additional heteratoms selected from N,
O and S; |

- RY is selected from the group consisting of C,_, alkyl, C,.,, alkenyl,

Co.yo alkynyl, aryl, aryl-C, ,, alkyl, heteroaryl, heteroaryl-C, , alkyl,
wherein alkyl, alkenyl and alkynyl are optionally substituted with one to four
substituents selected from R*, and aryl and heteroaryl are optionally
substituted with one to four substituents independently selected from RY;

or R¥, R and the carbon to which they are attached form a 3-7
membered mono- or bicyclic ring containing 0-2 heteroatoms selected from
N, Oand§; |
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R* is selected from the group consisting of Cy and a group selected
from R*, wherein Cy is optionally substituted with one to four substituents
independently selected from R"

R® is selected from the group consisting of R?, C“." alkyl, C,

5 alkenyl, C,,, alkynyl, aryl C, ,,alkyl, heteroaryl C, ,, alkyl, wherein alkyl,
alkenyl, alkynyl, aryl, heteroaryl are optionally substituted with a group
independently selected from RS;

R’ is selected from the group consisting of halogen, NO,, C(O)OR',
Ci.alkyl, C,,alkoxy, aryl, aryl C,, alkyl, aryloxy, heteroaryl, NR'R®,

10 R'C(O)R¢, NR'C(O)NR'R?, and CN;

R? and R° are independently selected from hydrogen, C, ,, alkyl, C,
alkenyl, C, ,, alkynyl, Cy and Cy C, ,salkyl, wherein alkyl, alkenyt,
alkynyl and Cy are optionally substituted with one to four substituents
independently selected from R®;

15 : or R? and R° together with the atoms-to which they are attached form
a heterocyclic ring of 5 to 7 members containing 0-2 additional
heteroatoms independently selected from oxygen, sulfur and nitrogen;

R and Re are independently selected from hydrogen, C,, alkyl, Cy

and Cy-C,.,, alkyl wherein Cy is optionally substituted with C,_,, alkyl; or
20 R and Re together with the carbon to which they are attached form a

ring of 5 to 7 members containing 0-2 heteroatoms independently

selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C, ,, alkyl, C,
alkenyl, C, 4 alkynyl, cyano, aryl, aryl C, ,alkyl, heteroaryl, heteroaryl C,_

25 10 alkyl, and -SO,R}; wherein alkyl, alkenyl, and alkynl are optionally
substituted with one to four substitutents independently selected from R?; and
aryl and heteroaryl are each optionally substituted with one to four
substituents independently selected from R?®;

R! is selected from the group consisting of C, ,, alkyl, C, ,, alkenyl,
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C,.0 alkynyl, and aryl; wherein alkyl, alkenyl, alkyny! and aryl are each
optionally substituted with one to four substituents independently selected
from R®; '
R* is selected from the group consisting of -OR?, -NO,, halogen,
5 -S(0)RY, -SRY, -S(0),0R¢, -5(0),,NRR®, -NRIR®, -O(CRRE),NRR®,

- -C(O)R?, -CO,R?, -CO,(CR'R®),CONR'R®, -OC(O)R¢, -CN, -C(O)NR'R®,
-NR!C(O)R®, -OC(O)NR'R?, -NR'C(O)OR®, -NR“C(O)NR“R’, -CR"(N-OR"), |
CF;, oxo, NR"C(O)NR‘SO,R‘, NRIS(0),,R®, -OS(0),OR¢, and '
-OP(0)(OR?%),;

10 R’ is selected from the group consisting of R*, C,,, alkyl, C,
alkenyl, C, , alkynyl, aryl C, salkyl, heteroaryl C, ,, alkyl, cycloalkyl,
heterocyclyl; wherein alkyl, alkenyl, alkynyl and aryl are each optionally
substituted with one to four substitutents independently selected from R*; -

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl;
15 : m is an integer from 1 to 2;
_ nisan integer from 1 to 10;
W is selected from the group consisting of carbon and nitrogen;
W’ is selected from the group consisting of carbon, nitrogen, oxygen,
sulfur, S(0) and S(O),; '

20 X' is selected from the group consisting of -C(O)ORY,
-P(O)(OR%(OR?®), -P(O)RH(OR®), -S(0),,OR?, -C(O)NR'R", and -5-
tetrazolyl;

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof; _

25 and further wherein the compound of formula IVa and/or IVD has a
binding affinity to VLA-4 as expressed by an IC;, of about 15uM or less.

Preferably, in the above method, R! and R?, together with the carbon
atom and W to which they are bound respectively, are joined to form a

30 heteroary! or substituted heteroaryl group having two nitrogen atoms in the
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heteroaryl ring. Optionally, the heteroaryl riﬁg may contain other
heteroatoms such as oxygen or sulfur. More preferably, R! and R?, together
with the carbon atom and W to which they are bound respectively, are joined
to form a pyridazine, pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or 1,1-
dioxo-1,2,5-thiadiazole ring; more preferably, a pyrimidine, pyrazine, 1-
oxo-1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazole ring; wherein the
pyridazine, pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or 1,1-dioxo-
1,2,5-thiadiazole ring is optionally substituted with 1 to 3 substituents
selected from the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen.

Preferably, X' is -C(O)OR?. .

In a preferred embodiment, the above method employs a compound

of formula Va, Vc, Vd, Ve or Vf:

R?

. e
) S(R
NN X .
N Lw Va

Rssoz/ \(6

R

l N R14 R15
R17 Z T X Ve
Ris R?3



WO 00/43372

—-20 —-

B 14 R15
10 | N. R R
N
W)\T X
R2t RT3
15 i S
(ﬁ)b
/ N R14 R15
20
Rs

PCT/US00/01686

vd

Ve

vf

wherein R®, R*, R* and X'. are as defined herein;
25 R’ is selected from the group consisting o.f alkyl, substituted alkyl,
alkenyl, subsﬁuited alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted

heterocylic, heteroaryl and substituted heteroaryl;

RS is selected from the group consisting of hydrogen, alkyl,
30 substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
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cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R!® where R is selected from thé
group consisting of alkyl, substituted alkyl, cycloalkyl, substitated
cycloalkyl, cycloaikenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and

R’ and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and

R is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cyciéalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,.substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted hetero_cyclic and halogen;

R is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bislor2;

and enatiomers, diastereomers and pharmaceutically acceptable salts

thereof.
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More preferably, the above method emplo'ys"a compound of formula
Vd, Ve or Vf. '

In yet another of its method aspects, this invention is directed to a
method for treating a disease mediated by VL.A-4 in a patient, which method
comprises administering a pharmaceutical compbsition comprising a

pharmaceutically acceptable. carrier and a therapeutxcally effective amount of

~ a compound of formula VIa and/or VIb:

| R2
R R% R25 SW RR2xs

A - AL

Via . ' Vb

wherein, in formula VIa, R! and R?, together with the carbon atom
and W to which they are bound respectively, are joined to form an aryl,
cycloalkenyl, heteroaryl or heterocyclic group having at least five atoms in
the aryl, cycloalkenyl, heteroaryl or heterocyclic group and optionally
containing or additionally containing in the case of heteroaryl and
heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic
group is mono-cyclic;

in formula VIb, R! and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkenyl or heterocyclic group and optionally containing or
additionally containing in the case of the heterocyclic group 1to 3
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heteroatoms selected from the group consistirig of oxygen, nitrogen and
sulfur, and wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula VIa or VIb is optionally substituted, on any
ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted alkyl, atkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, aéyloxy, amino, substituted amino, amidino,
alkyl amidino, thicamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl,
thioheteroaryl, substituted thioheteroaryl, thioheterocyclic, substituted
thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, ‘substituted
heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(0),-alkyl, -O5(0),-
substituted alkyl, -OS(O),-aryl, -OS(O),-substituted aryl, -OS(O),-heteroaryl,
-0S(0),-substituted heteroaryl, -OS(O),-heterocyclic, -0S(0),-substituted
heterocyclic, -OSO,-NRR where each R is independently hydrogen or alkyl,
-NRS(0),-alkyl, -NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-
substituted aryl, -NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(0),-heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O),-NR-
alkyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-
substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, -N[S(0),-R’], and -N[S(O),-
NR'), where each R’ is independently selected from the group consisting of
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alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic;

RZ is selected from the group consisting of hydrogen, C, ,, alkyl
optionally substituted with one to four substituents independently selected
from R* and Cy optionally substituted with one to four substituents
independently selected from R®’; | .

© R¥is sélected from the group consisting of Ac'-Ar*C, , alkyl,

" Ar'-Ar?-C, ,, alkenyl, Ar'-Ar3-C, ,, alkynyl, wherein Ar' and Ar* are
- independently aryl or héteroaryl each of which is optionally substituted with

one to four substituents independently selected from R*; alkyl, alkenyl and
alkynyl are optionally substituted with one to four substituents independently
selected from R*’; |

R is selected from the group consisting of hydrogen, C, , alkyl,
Ci0 alkenyl, C,.i0 alkynyl, aryl, aryl C, salkyl, heteroaryl, and heteroaryl
C,.10 alkyl, wherein alkyl, alkenyl and alkynyl are optionally substituted with"
one to four substituents selected from R*', and ary! and heteroaryl are
optionally substituted with one to four substituents independently selected
from R*;

_ R is selected from the group consisting of Cy, -OR*, -NO,, halogen
-S(0),R?, -SR*, -S(0),0R?, -S(0),NR?R*, -NR¥R*, -O(CR Rf),NR*R*,
-C(O)R?, -CO,R?, -CO,(CRTR#),CONR?R®, -OC(O)R?, -CN,
-C(O)NR?!R, -NR¥C(O)R®, -OC(O)NRR®, -NR¥C(O)OR®,
-NRYC(O)NRYR*, -CR¥(N-OR®), CF,, and -OCF;;

wherein Cy is optionally substituted with one to four substituents
independently selected from R*;.

RY is selected from the group consisting of R*, C; ;o alkyl, C, ;o
alkenyl, C, ,, alkynyl, aryl C, ,, alkyl, heteroaryl C, ;alkyl,

wherein alkyl, alkenyl, aryl, heteroaryl are optionally substituted
with a group independently selected from R*’;

R® is selected from the group consisting of halogen, amino, carboxy,
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C,, alkyl, C,, alkoxy, aryl, aryl C,, alkyl, hydroxy, CF,, and aryloxy;

R? and R* are independently selected from hydrogen, C,,, alkyl, C,.
10 alkenyl, C,,, alkynyl, Cy and Cy C, j,atkyl, wherein alkyl, alkenyl,
alkynyl and Cy are optionally substituted with one to four substituents

5 independently selected from R*'; or R and R*’ together with the atoms to

which they are attached form a heterocyclic ring of S to 7 members
containing 0-2 additional heteroatoms independently selected from oxygen,
sulfur and nitrogen;

Rf and R¥ are independently selected from hydrogen, C, ,, alkyl, Cy

10 and Cy-C,.,, alkyl; or R" and R¥ together with the carbon to which they are
attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C, ,, alkyl,
C,.10 alkenyl, C,,, alkynyl, cyano, aryl, aryl C,,, alkyl, heteroaryl,
15 heteroaryl C, ,, alkyl, or -SO,R";
wherein alkyl, alkenyl, and alkynyl are optionaily substituted with
one to four substitutents independently selected from R*'; and aryl and
heteroaryl are each optionally substituted with one to four substituents
independently selected from R*;
20 RY is selected from the group consisting of C, ,, alkyl, C, ,, alkenyl,
C,.10 alkynyl, and aryl;
wherein alkyl, alkenyl, alkynyl and aryl are each optionally
substituted with one to four substituents independently selected from R*’;
Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl;

25 X" is selected from the group consisting of -C(O)OR?,
-P(O)(OR*)(OR*), -P(O)RY)(OR®), -S(0),OR?, -C(O)NRYR", and -5-
tetrazolyl,

m is an integer from 1 to 2;

n is an integer from 1 to 10;
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and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof;
| and further wherein ihe-compound of formula Vla and/or VIb has a
binding affinity to VLA-4 as expressed by an ICs, of about 154M or less.

Preferably, in the above method, R! and R?, together with the carbon
atom and W to which they. are bound respectively, are joined to-form a
heteroaryl or substituted heteroary! group having two nitrogen atoms in the
heteroaryl ring. Optionally, the heteroaryl ring may contain other
heteroatoms such as oxygen or sulfur. More preferably, R! and R?, togéther

with the carbon atom and W to which they are bound respeétively, are joined'

. to form a pyridazine, pyrimidine, pyrazine, 1-oxo0-1,2,5-thiadiazole or 1,1-

dioxo-1,2,5-thiadiazole ring; more preferébly, a pyrimidine, pyrazine, 1-
oxo-1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazole ring; wherein the
pyridazine, pyrimidine, pyrazine, l-oxo-1,2,-5-thiadiazo.le or 1,1-dioxo-
1,2,5-thiadiazole ring is optionally substituted with 1 to 3 substituents
selected from the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkbxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen.

Preferably, in the above method, X" is -C(O)OR?.
Preferably, R* is -CH,-Ar>-Ar! and R is hydrogen.

Ina preferred embodiment, the above method employ.s a compound
of formula VIIa, VIIc, VIId, VIIe or VIIf:
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5 | | Ri—N N7 X"
|
RS
_ wherein RZ, R*, R® and X" are as defined herein;
10 R’ is selected from the group consisting of alkyl, substituted alkyl,

alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl;

R is selected from the group consisting of hydrogen, alkyl, _

15 substituted alkyl, cycloalkyl, -substituted cycloalkyl, cycloalkenyl, substituted

| cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
beteroaryl, substituted heteroaryl, and -SO,R'® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalky!, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted

20 heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and

R’ and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, |
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen; -

25 R and R" are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and
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R is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R? is sefected from the group consisting of hydrogen, atkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloaikyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen;

R* is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bis1lor2;

and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof.

Preferably, the compound employed in the above method is selected
from formula VIId, Vlle or VIIf.

The compounds and pharmaceutical compositions of this invention
are useful for treating disease conditions mediated by VLA-4 or leucocyte
adhesion. Such disease conditions include, by way of example, asthma,
Alzheimer's disease, atherosclerosis, AIDS dementia, diabetes (including
acute juvenile onset diabetes), inflammatory bowel disease (including
ulcerative colitis and Crohn's disease), multiple sclerosis, rheumatoid
arthritis, tissue transplantation, tumor metastasis, meningitis, encephalitis,
stroke, and other cerebral traumas, nephritis, retinitis, atopic dermatitis,
psoriasis, myocardial ischemia and acute leukocyte-mediated lung injury

such as that which occurs in adult respiratory distress syndrome.
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Other disease conditions include, but are not limited to, inflammatory
conditions such as erythema nodosum, allergic conjuncti\ritis, optic neuritis,
uveitis, allergic rhinitis, -Ankylosing.spondylitis; psoriatic arthritis,
vasculitis, Reii:er’s syndrome, systemic lupus erythematosus, progressive
systemic sclerosis, p'olymyositis, dermatomyositis, 'Wegner’s _
granulomatosis, aortitis, sarcoidosis, lymphocytopenia, temporal arteritis, |
pericarditis, myocarditis, congestive heart failure, polyarteritis nodosa,
hypersensitivity syndromes, allergy, hypereosinophilic syndrdmes, Churg-
Strauss syndrome, chronic obstructive pulmonary disease, hypersensitivity
pneumonitis, chronic active hepatitis, interstitial cystitis, autoimmune |
endocrine failure, primary biliary cirrhosis, autoimmune aplastic anemia,

chronic persistent hepatitis and thyroiditis.

In a preferred embodiment, the disease condition mediated by VLA-4

is an inflammatory disease.

The present invention is also directed to novel compounds useful for
treating a disease condition mediated by VL.A-4 or leucocyte adhesion.
Accordingly, in one of its composition aspects, this invention is directed to a

compound of formula Ia and/or Ib:

.Rz ’
\/lvjv\ RF | R W R3R®
| X  and X
R Q>§K " R1/k0><f(
Ia Ib

wherein, in formula Ia, R' and R?, together with the carbon atom and

W to which they are bound respectively, are joined to form an aryl,
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cycloalkenyl, heteroaryl or heterocyclic grodp having at least five atoms in
the aryl, cycloalkenyl, heteroary! or heterocyclic group and optionally
containing or additionaily containing in the case of heteroaryl and
heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
5 oxygen, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic
group is mono-cyclic; |
in formula Ib, R! and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the

10 cycloalkyl, cycloatkenyl or heterocyclic group and optionally containing or
additionally containing in the case of the heterocyclic group 1 to 3
heteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur, and wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or

15 heterocyclic group of formula Ia or Ib is optionally substituted, on any ring
atom capable of substitution, with 1-3 substituents selected from the group
consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,

20 aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloaikyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloatkyl,

25 thioheteroaryl, substituted thioheteroaryl, thioheterocyclic, substituted
thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -0S(0O),-alkyl, -OS(O),-

30 substituted alkyl, -OS(0),-aryl, -OS(O),-substituted aryl, -OS(O),-heteroaryl,
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-OS(0),-substituted heteroaryl, -OS(O)Q-heterocyclic, -08(0),-substituted
heterocyclic, -OSO,-NRR where each R is independently hydrogen or alkyl,
-NRS(0);-alkyl, -NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),~

* substituted aryl, -NRS(O), heteroaryl, -NRS(O),-substituted heteroaryl,

5 -NRS(0),-heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O)Z-NR-
alkyl, -NRS(O),—NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-
substituted aryl, -NRS(O),-NR-héteroaryl, -NRS(0),-NR-substituted
heteroaryl, -NRS(0),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, -N[S(O),-R’], and -N[S(O),-

10 NR’], where each R’ ig independently selected from the group consisting of
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycl.ic and substituted heterocyclic;

R? is -(CH,),-Ar-R®, where Ar is aryl, substituted aryl, heteroaryl
~ and substituted heteroaryl; R’ is selected from the group consisting of acyl,

15 acylamino, acyloxy, aminoacyl, aminocarbonylamino;
aminothiocarbonylamino, aminocarbonyloxy, oxycarbonylamino,
oxythiocarbonylamino, thioamidino, thiocarbonylamino,
aminosulfonylamino, aminosulfonyloxy, aminosulfonyl, oxysulfonylamino
and oxysulfonyl; x is an integer from O to 4;

20 R? is selected from the group consisting of hydrogen, isopropyl,
-CH,Z where Z is selected from the group consisting of hydrogen, hydrbxyl,
acylamino, alkyl, alkoxy, aryloxy, aryl, aryloxyaryl, carboxyl,
cafboxylalkyl, carboxyl-substituted alkyl, 'carboxyl-(:ycloalkyl, carboxyl-
substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,

25 carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic,
carboxyl-substituted heterocyclic, cycloalkyi, substituted alkyl, substituted
alkoxy, substituted aryl, substituted aryloxy, substituted aryloxyaryl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic;
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Q is selected from the group consisting of -O-, -S-, -S(0)-, -S(0),,
and -NR*-;

R* is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
or, optionally, R* and R! or R* and R?, together with the atoms to which they
are bound, are joined to form a heteroaryl, a substituted heteroaryl, a
heterocyclic or a substituted heterocyclic group;

W is selected from the group consisting of nitrogen and carbon; and

W’ is selected from the group consisting of nitrogen, carbon, oxygen,
sul_fur, S(0), and S(0),;

X is selected from the group consisting of hydroxyl, alkoxy,
substituted alkoxy, alkenoxy, substituted alkenoxy, cycloalkoxy, substituted
cycloalkoxy, cycloalkenoxy, substituted cycloalkenoxy, aryloxy, substituted
aryloxy, heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy,
substituted heterocyclyloxy and -NR“R” where each R” is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, cycloalkyl, substituted cycloalkyl, aryt,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic;

and enantiomers, diasteromers and pharmaceutically acceptable salts
thereof;

and further wherein the compound of formula Ia and/or Ib has a
binding affinity to VLA-4 as expressed by an IC;, of about 15xM or less.

More preferably, R® is a group of the formula:

. RS
'(CHz)@
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wherein R® and x are as defined herein. Preferably, R is in the para
position of the phenyl ring; and x is an integer of from 1 to 4, more

preferably, x is 1.
Preferably, R* is hydrogen.

In a preferred embodiment, R? is selected from the group consisting
of -O-Z-NR"R! and -O-Z-R*? wherein R and R!" are independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl,
heterocyclic, substituted heterocyclic, and where R and R'" are joined to
form a heterocycle or a substituted heterocycle, R'? is selected from the
group consisting of heterocycle and substituted heterocycle, and Z is selected
from the group consisting of -C(O)- and -SO,-. More preferably, R is
-OC(O)NR!R'Y, wherein R and R are as defined herein.

Preferably, in the above compounds, Z is -C(O)- and Q is preferably

-NR*-.
- In a preferred embodiment, this invention is directed to compounds of
formula Ifa or IIb:
R3 R3¥
X Hla
Q
N_ 0
Rss0;/ “Re

PCT/US00/01686
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N :
R R ©

wherein X is as defined herein;

R is -(CH,),-Ar-R°, where Ar is aryl, substituted aryl, heteroaryl
and substituted heteroaryl; R’ is selected from the group consisting of acyl,
acylamino, acyloxy, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, oxycarbonylamino,
oxythiocarbonylamino, thioamidino, thiocarbonylamino,
aminosulfonylamino, aminosulfonyloxy, aminosuifonyl, oxysulfonytamino
and oxysulfonyl; x is an integer from O to 4;

RY is selected from the group consisting of hydrogen, isopropyl, -
CH,Z where Z is selected from the group consisting of hydrogen, hydroxyl,
acylamino, alkyl, alkoxy, aryloxy, aryl, aryloxyaryl, carboxyl,
carboxylalkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl, carboxyl-
substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,
carboxytheteroaryl, carboxyl-substituted heteroaryl, carboxytheterocyclic,
carboxyl-substituted heterocyclic, cycloalkyl, substituted alkyl, substituted
alkoxy, substituted aryl, substituted aryloxy, substituted aryloxyaryl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic;

ring A and ring B independently form a heteroaryl or substituted
heteroaryl group having two nitrogen atoms in the heteroaryl ring;

R is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted

heterocylic, heteroaryl and substituted heteroaryl;
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R® is selected from the groﬁp consisting of hydrogen, alkyl,
substituted aikyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl, -
heteroaryl, substituted heteroaryl, and -SOZR'° where R is selected from the
5 group consisting of alkyl, substituted alkyl, cycloalkyl, substituted '
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;
or optionally, one of, R* and ring A, R* and R%, R* and R, or R’ and
RS, together with the atoms to which they are bound, can be joined to form a
10 heterocyclic or substituted heterocyclic ring; | |
and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof; and provided that ring B does not form a 6-amino or substituted

amino pyrimidin-4-yl group.

15 . R¥ is preferably hydrogen; Preferably, x is an integer from 1 to 4; °

more preferably, x is 1.

Preferably, ring A forms a pyridazine, pyrimidine or pyrazine ring;
more preferably, a pyrimidine or pyrazine ring; wherein the pyridazine,

20 pyrimidine or pyrazine ring is optionally substituted with 1 to 3 substituents
selected from the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoky, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aiyl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen. ' '

25

Preferably, ring B forms a pyridazine, pyrimidine, pyrazine, 1-oxo-
1,2,5-thiadiazole or a 1,1-dioxo-1,2,5-thiadiazole ring; more preferably, a
pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or a 1,1-dioxo-1,2,5-
thiadiazole ring; wherein the pyridazine, pyrimidine or pyrazine ring is

30 optionally substituted with 1 to 3 substituents selected from the group
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consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and

halogen.

In another preferred embodiment, this invention is directed to
compounds of formula Illa, Hlc, 1IId, IHe or IIf:

' SN R3S RS
R % T X Ic
R18 R# 0
R16
N/LN R? R®
! = N X md
R2
R18 [.lu" O
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R16
R17
l XN R¥R¥
N X |
5 = T><( Ille
R2t R#¥ o
(ﬁ)b
10 N ,S\N R RY
Xt
)\ /( x
R&—N "E
L&
15 '

Wﬁeréin X is as defined herein;

R} is -(CH,),-Ar-R®, where Ar is aryl, substituted aryl, heteroaryl
and substituted heteroaryl; R’ is selected from the group consisting of acyl,
acylamino, acyloxy, aminoacyl, aminocarbonylamino,

20 aminothiocarbonylamino, aminocarbonyloxy, oxycarbonylamino,
| oxythiocarbonylamino, thioamidino, thiocarbonylamino,
aminosulfonylamino, aminosulfonyloxy, aminosulfonyl, oxysulfonylamino

and oxysulfonyl; x is an integer from O to 4;

25 R* is selected from the group consisting of hydrogen, isopropyl, -
CH,Z where Z is selected from the group consisting of hydrogen, hydroxyl,
acylamixb, alkyl, alkoxy, aryloxy, aryl, aryloxyaryl, carboxyl,
carboxylalkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl, carboxyl-
substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,

30 carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic,
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carboxyl-substituted heterocyclic, cycloalkyl, substituted alkyl, substituted
alkoxy, substituted aryl, substituted aryloxy, substituted aryloxyaryl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic;
5 RY is selected from the group consisting of hydrogen and alkyl or,

optionally, one of, R* and R%, R* and RS, R® and R®, R® and R®, or R® and
R®, together with the atoms to which they are bound, are joined to form a
heterocyclic, a substituted heterocyclic, a heteroaryl or substituted heteroaryl
group optionally containing from 1 to 3 additional hetero ring atoms selected

10 from the group consisting of oxygen, nitrogen and sulfur;

R¥ is selected from the group consisting of hydrogen and alkyl;

RS is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted

15 heterocylic, heteroaryl and substituted heteroaryl;

R is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R™ where R™ is selected from the

20 group consisting of alkyl, substituted alkyl, cycloatkyl, substituted
cycloalkyl, cycloatkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

R’ and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,

25 substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R and RY are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
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heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and '
R is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted a'lkoxy', amino, substituted afxiino‘, cycloalkyl, substituted
5 cycloalkyl, aryl, suﬁsﬁmted aryl, heteroaryl, suBstituted heteroaryl, ‘
. heterocyclic and'substituted heterocyclic;
R® is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, subsﬁmted
. cycloalkyl, aryl, substit_uted aryl, heteroaryl, substituted heteroaryl,
10 heterocyclic, substituted heterocyclic and halogen;
| R? is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic; '
bislor2;
15 ahd enantiomers, diastereomers and pharrnaceutically acceptable salts

thereof.

In the ﬁbove compounds, R* is preferably hydfogen. Preferably, x is

an integer from 1 to 4; more preferably, x is 1.

20 _
' Preferably, the compound is selected from formula IIId, Ille or IIIf.
In another of its composition aspects, this invention is directed to a
compound of formula IVa: |
25
w RERS
R1 /“\NXX' IVa

13
30
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wherein R! and R?, together with the carbon atom and W to which
they are bound respectively, are joined to form a heteroaryl group having
two nitrogen atoms in the heteroaryl ring;

and further wherein said heteroaryl group is optionally substituted, on
any ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted alky!, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alky! amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl,
thioheteroaryl, substituted thioheteroaryl, thioheterocyclic, substituted
thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, substituted °
heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(0),-alkyl, -OS(0),-
substituted alkyl, -OS(0),-aryl, ~-OS(0),-substituted aryl, -OS(0),-heteroaryl,
~08(0),-substituted heteroaryl, -OS(O)-heterocyclic, -OS(0),-substituted
heterocyclic, —OSO;-NRR where each R is independently hydrogen or alkyl,
-NRS(O),-alkyl, -NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-
substituted aryl, -NRS(O),-heteroaryl,
-NRS(O),-substituted heteroaryl, -NRS(O),-heterocyclic, -NRS(O),-
substituted heterocyclic, -NRS(O),-NR-alkyl, -NRS(0),-NR-substituted
alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-substituted aryl, -NRS(O),-NR-
heteroaryl, -NRS(O),-NR-substituted heteroaryl; -NRS(O),-NR-heterocyclic,
-NRS(0),-NR-substituted heterocyclic where R is hydrogen or alkyl,
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-N[S(0),-R’}, and —N[S(O)z—NR’]z _whe_re t:abh R’ is independently selected

from the group consisting of alkyl, substituted alkyl, aryl, substituted aryi,
heteroaryl, substituted heteroaryl, heterocyclic and _substitixted heterocyclic:
| R® js selected from the group consisting of hydrogén, C,.oalkyl,
Cy, and Cy-C, ,,alkyl, wherein .alkyl is optionally substituted with one to
four subStitilents independently selected from R*; and Cy is optionally
substituted with one to four substituents independently selected from R®;

. R™ is selected from the group consisting of hydrogen, C,_,, alkyl, C,.
10 alkenyl, C, ,, alkynyl, Cy, Cy-C, ,, alkyl, Cy-C, , alkenyl and Cy-C, ,,
alkynyl, wherein alkyl, alkenyl, and alkynyl are optionaily substituted with
one to four substituents selected from pheny! and R*, and Cy is optionally
substituted with one to four substituents independently selected from R’;

or R, R and the atoms to which they are attached together form a
mono- or bicyclic ring containing 0-2 additional heteratoms selected from N,
Oand S; -

R is selected from the group consisting of C,_,o alkyl,

C,.10 alkenyl, C, ;, alkynyl, aryl, aryl-C, ,, alkyl, heteroaryl, heteroaryl-C, ,,
alkyl, wherein alkyl, alkenyl and alkynyl are optionally substituted with one
to four substituents selected from R*, and aryl and heteroaryl are optionally
substituted with one to four substituents independently selected fror"n Kr;

or R*, R¥ and the carbon to which they are attached form a 3-7
membered mono- or bicyclic ring containing 0-2 heteroatoms selected from
N, Oand S; -

R* is selected from the group consisting of Cy and a group selected
from R*, wherein Cy is optionally substituted with one to four substituénts
independently selected from R | '

R? is selected from the group consisting of R?, C, s alkyl, C,,,
alkenyl, C,,, alkynyl, aryl C, ,,alkyl, heteroaryl C, ,, alkyl, wherein alkyl,
alkenyl, alkynyl, aryl, heteroaryl are optionally substituted with a group
independently selected from R®;
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R js selected from the group consisting of halogen, NO,, C(O)OR',
C,.alkyl, C,,alkoxy, aryl, aryl C, alkyl, aryloxy, heteroaryl, NR'Rg,
R'C(O)R#, NR'C(O)NR'RE, and CN;
R? and R° are independently selected from hydrogen, C, ,, alkyl, C,,,
5 alkenyl, C,,, alkynyl, Cy and Cy C, j,alkyl, wherein alkyl, alkenyl,
alkynyl and Cy are optionally substituted with one to four substituents
independently selected from R®; -
or R? and R° together with the atoms to which they are attached form
a heterocyclic ring of 5 to 7 members containing 0-2 additional
10 heteroatoms independently selected from oxygen, sulfur and nitrogen;
Rf and R# are independently selected from hydrogen, C, ,, alkyl, Cy
and Cy-C, ,; alkyl wherein Cy is optionally substituted with C, ,, alkyl; or
R’ and RE together with the carbon to which they are attached form a
ring of 5 to 7 members containing 0-2 heteroatoms independently
15 selected from oxygen, sulfur and nitrogen;
R" is selected from the group consisting of hydrogen, C, ,, alkyl, C, 5
alkenyl, C, ;o alkynyl, cyano, aryl, aryl C,_,,alkyl, heteroaryl, heteroaryl C,.
10 alkyl, and -SO,R}; wherein alkyl, alkenyl, and alkynl are optionally
substituted with one to four substitutents independently selected from R*; and
20 aryl and heteroaryl are each optionally substituted with one to four
substituents independently selected from R;
R! is selected from the group consisting of C, ,, alkyl, C, i, alkenyl,
C, 10 alkynyl, and aryl; wherein alkyl, alkenyl, alkynyl and aryl are each
optionally substituted with one to four substituents independently selected
25 from R%;
R* is selected from the group consisting of -OR?, -NO,, halogen,
-5(0).R?, -SRY, -S(0),0R", -S(0),,NR'R®, -NR'R®, -O(CR'R?) NR*R®,
-C(O)R?, -CO,R?, -CO,(CRR?),CONRIR?, -OC(O)RY, -CN, -C(O)NRUR®,
-NR!C(O)R®, -OC(O)NRR?, -NRIC(O)OR®, -NRIC(O)NR'R®, -CR‘(N-OR?),
30 CF;, oxo, NR'C(O)NR?SO,R}, NRUS(0),,R°, -OS(0),0R?, and
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RY is selected ﬁom the group consisting of R*, C,, alkyl, C,,,
alkenyl, C,.jo alkynyl, aryl C, 2lkyl, heteroaryl C,.,, alkyl, cj‘do_alkyl,
heterocyclyl; wherein alkyl, alkenyl, alkyny! and aryl are each optionally
substituted with one to four substitutents indépendently selected from R*;

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl;

m is an integer from 1 to 2; '

n is an integer from 1 to 10;

W is selected from the group consisting of carbon and nitrogen;

W’ is selected from the group consisting of carbon, nitrogen, oxygen,
sulfur, S(O) and S(O),; |

X’ is selected from the group consisting of -C(O)ORY,
-P(Q)(OR“)(OR‘), -P(O)(RY)(OR®), -S(0),,0R?, -C(O)NRR", and -5-
tetrazolyl; '

and .enatiomers, diastereomers and pharmaceutically acceptéble salts
thereof;

and further wherein the compound of formula IV has a binding
affinity to VLA-4 as expressed by an IC;, of about 15uM or less;

and provided that when R' and R?, together with the carbon atom and
W to which they are bound respectively, are joined to form a 2-
arylpyrimidin-4-yl group and R is hydrogen, then R* is not alkyl of from 1
to 6 carbon atoms optionally substituted with hydroxyl; and when R! and R?,
together with the carbon atom and W to which they are bound respectively,
are joined to form a 5-arylpyrazin-2-yl group and R is hydrogen, then R"
is not 4-hydroxybenzyl.

In the above compounds, R! and R? are preferably joined to form an
pyridazine, pyrimidine, pyrazine, 1-ox0-1,2,5-thiadiazole or 1,1-dioxo-
1,2,5-thiadiazole ring; more preferably, a pyrimidine, pyrazine, 1-oxo-1,2,5-

thiadiazole or 1,1-dioxo-1,2,5-thiadiazole ring; wherein the pyridazine,
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pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazole
ring is optionally substituted with 1 to 3 substituents selected from the group
consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and

halogen.

Preferably, in the above compounds, X' is -C(O)OR".

In a preferred embodiment, this invention is directed to compounds of

of formula Va, Vc, Vd, Ve or Vf:

R7?

4LN R14 R15

R’J\r}k ﬂXx Va

N\\N R14R15
Ve
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R16
N/'QN R14R15

s /'H%TX Ve
L |

R18 13

10
_ : YLN R14R15
><x

N w% hlj ' Ve
R21 R?"
15
(ﬁ)b
N~ S\N R14 R15
_ \ Vi
20 R—N N X
| 13
Ré
wherein R, R¥, R and X' are as defined herein;
25 RS is selected from the group consisting of alkyl, substituted alkyl,

alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkeny!l, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl;
R® is selected from the group consisting of hydrogen, alkyl,
30 substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
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cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R'® where R!® is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and

R’ and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R'¢ and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and

R js selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R? js selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen; |

R js selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bis1or2;

and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof.
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VL. '
| In yet another of its composition aspects, this invention is directed to
5 a compound of formula VIa and/or VIb:

10

15

20

30

~w R¥#R>% " TSwW R#Rs

R /U\T(X o R,AIXX..

wherein, in formula VIa, R! and R’, together with the carbon atom
and W to which they are bound respectively, are joined to form an aryl,
cycloalkenyl, heteroaryl or heterocyclic group havirig at least five atoms in
the aryl, cycloalkenyl, heteroaryl or heterocyclic grdup and optionally
containing or additionally containing in the case of heteroaryl and
heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and sulfur, and wherein the heteroaryl oi‘ heterocyclic
group is monb-cyclic;

in formula VIb, R! and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a Cycloalkyl,
cy;:loalkenyl or heterocyclic group having at least five afoms in the
cycloalkyl, cycloalkenyl or heterocyclic group_.and optionally containing or
additionally containing in the case of the heterocyclic group 1 to 3
heteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur, and wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula VIa or VIb is optionaily substituted, on any
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ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloatkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl,
thioheteroaryl, substituted thioheteroaryl, thioheterocyclic, substituted
thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(0),-alkyl, -OS(0),-
substituted atkyl, -OS(O),-aryl, -OS(O),-substituted aryl, -OS(O),-heteroaryl,
-0S(0),-substituted heteroaryl, -OS(0O),-heterocyclic, -OS(0),-substituted
heterocyclic, -OSO,-NRR where each R is independently hydrogen or alkyl,
-NRS(0),-alkyl, -NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-
substituted aryl, -NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(O),-heterocyclic, -NRS(Q),-substituted heterocyclic, -NRS(O),-NR-
alkyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(0),-NR-
substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(0),-NR-heterocyclic, -NRS(QO),-NR-substituted
heterocyclic where R is hydrogen or alkyl, -N{S(0O),-R’], and -N[S(Q),-
NR’], where each R’ is independently selected from the group consisting of
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic;

R is selected from the group consisting of hydrogen, C, ,, alkyl
optionally substituted with one to four substituents independently selected
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from R* and Cy optionally substituted with one to four substituents
independently selected from R";

R* is selected from the group consisting of AB-AP-C,_,O alkyl,
Ar’-Arz-Cz_w alkenyl, Ar'-Ar>-C, alkynyl, wherein Ar' and Ar? are
independently aryl or heteroaryl each of which is optionélly subst_ituted with
one to four substituents independently selected from R®’; alkyl, alkenyl and
alkynyl are optionally substituted with one to four substituents independently - -
selected from R*; '

R? is selected from the group consisting of hydrogen, C,, alkyl,
C,.y0 alkenyl, C, ,, alkynyl, aryl, aryl C,_jsalkyl, heteroaryl, and heteroaryl
Ci.10 alkyl, wherein alkyl, alkenyl and alkynyl are optionally substituted with
one to four substituents selected from R*, and aryl and heteroaryl are
optionally sqbstituted with one to four substituents independently selected
from R®;

R* is selected from the group consisting of Cy, -OR*, -NO,, halogen
-S(0),.R*, -SR?, -S(O),_OR"', -S(0),NR¥R®, -NR*R®, -O(CR/R#),NRYR,
-C(O)RY, -CO,RY, -CO,(CRR#),CONR'R", -OC(O)RY, -CN, -
-C(O)NR'R", -NR"'C(O)R", -OC(O)NRYR®, -NRYC(O)OR®,
-Nr¥C(O)NRYR*, -CRY(N-OR®), CF;, and -OCF;;

wherein Cy is optionally substituted with one to four substituents
independently selected from R*;

R is selected from the group consisting of R, C,_,, alkyl, C,..
alkenyl, C,,, alkynyl, aryl C,., alkyl, heteroaryl C, ,;alkyl,

wherein alkyl, alkenyl, aryl, heteroaryl are optionally substituted
with a group independently selected from R*; |

R* is selected from the group consisting of halogen, amino, carboxy,
C,. alkyl, C,, alkoxy, aryl, aryl C,,alkyl, hydroxy, CF,, and aryloxy;

RY and R® are independently selected from hydrogen, C,_,, alkyl, G,
10 alkenyl, C, ,, alkynyl, Cy and Cy C, jalkyl, wherein alkyl, alkenyl,
alkynyl and Cy are optionally substituted with one to four substituents
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independently selected from R*; or R* and R® together with the atoms to
which they are attached form a heterocyclic ring of 5 to 7 members
containing 0-2 additional heteroatoms independently selected from oxygen,
sulfur and nitrogen;

5 R’ and R are independently selected from hydrogen, C,, alkyl, Cy
and Cy-C,.,, alkyl; or R and R® together with the carbon to which they are
attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C, ,, alkyl,

10 C, o alkenyl, C,,, alkynyl, cyano, aryl, aryl C,,, alkyl, heteroaryl,
heteroaryl C, ,, alkyl, or -SO,R';

wherein alkyl, alkenyl, and alkynyl are optionally substituted with
one to four substitutents independently selected from R*; and aryl and
heteroary! are each optionally substituted with one to four substituents

15 independently selected from R*; '

R is selected from the group consisting of C, ,, alkyl, C,,, alkenyl,
C,.10 alkynyl, and aryl;

wherein alkyl, alkenyl, alkynyl and aryl are each optionally
substituted with one to four substituents independently selected from R’

20 Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryi;

X" is selected from the group consisting of -C(O)OR?,
-P(O)}(OR¥)(OR®), -P(O}R*)}OR"), -5(0),,OR?, -C(O)NR'RY, and -5-
tetrazolyl;

m is an integer from 1 to 2;

25 n is an integer from 1 to 10;

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof;

and further wherein the compounds of formula VIa and/or VIb have a
binding affinity to VLA-4 as expressed by an IC;;, of about 15uM or less.

30
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In the above compounds, R' and R? are preferably joined to form a
hetei‘oa_ryl or substituted heteroaryl group having two nitrogen atoms in the
heteroaryl ring. More preferably, R' and R? are joined to forma pyridazine,
pyrimidine, pyrazine, l-oxd-l,Z,S-thiadiazolc or 1,1-dioxo-1,2,5-thiadiazole
ring; more preferably, 5 pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or
1,1-dioxo-1,2,5-thiadiazole ring; wherein the pyridazine, pyrimidine,
pyrazine, l-pxo-l',2,5-thiadiazolé or 1,1-dioxo-1,2,5-thiadiazole ring is
optionally substituted with 1 to 3 substituents selected from the group
consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cjfcloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and

halogen.
Preferably, X" is -C(O)OR".

In the above compounds, R* is preferably -CH,-Ar?>-Ar' and R® is
preferably hydrogen.

In a preferred embodiment, this invention is directed to compou'nds of

formula VIIa, VIlc, VIId, VIIe or VIIf:

R7 -
l

R YN X' Vila
N Lzs

RSSO; “Rs

PCT/US00/01686
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R8 N% R24 R25
A
R17 l}\l X"
Rt R23
R16
N/,§N R24 R25
P N'Y
=
R17/H/klr "
R20 R23
R16
R17
| XN R2R2s
\ M
YKT "
R2t R2
(O
|
N~ N R4 R

23

wherein R*, R® and X" are as defined herein;

XII

PCT/US00/01686

Vilc

VIId

Vile

VIIf

R’ is selected from the group consisting of alkyl, substituted alkyl,

alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
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cycloalkyl, cycloalkenyl, substituted cyc_:loalkeriyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl; '
RS is selected from the group cdnsisting of hydrogen, alkyl,
substituted aikyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted -
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl, = -
heteroaryl, substituted heteroaryl, and -SO,R*® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkényl, heterocyclic, substituted -
heterocyclic, aryl, substituted aryl, heteroaryl, substituted héteroaryl; and

'R? and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen; '

R'¢ and RY are independentiy selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino, '
substituted amino; cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and

R is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted -
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic; |

R is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted hetefocyclic and halogen;

R js selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted -
cycloalkyl, aryl, substituted aryl, 'heteroéyclic and substituted heterocyclic;

bislor2;

PCT/US00/01686
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and enantiomers, diastereomers and pharmaceutically acceptable
salts thereof.
Preferably, the compound is selected from formula VIId, Ve or
5 VIIf.

10

15

20

30

This invention also provides pharmaceutical compositions comprising
a pharmaceutically acceptable carrier and a therapeutically effective amount

of the compounds defined herein.

In the above compounds, when X is other than -OH or
pharmaceutical salts thereof, X is preferably a substituent which will convert
(e.g., hydrolyze, metabolize, etc.) in vivo to a compound where X is -OH or
a salt thereof. Accordingly, suitable X groups are any art recognized
pharmaceutically acceptable groups which will hydrolyze or otherwise
convert in vivo to a hydroxyl group or a salt thereof including, by way of
example, esters (X is alkoxy, substituted alkoxy, cycloalkoxy, substituted
cycloatkoxy, alkenoxy, substituted alkenoxy, cycloalkenoxy, substituted
cycloalkenoxy, aryloxy, substituted aryloxy, heteroaryloxy, substituted
heteroaryloxy, heterocyclooxy, substituted heterocyclooxy, and the like).

Unless otherwise defined, R* and RY in the above compounds are
preferably selected from all possible isomers arising by substitution with the
following groups:

4-methylbenzyl,

4-hydroxybenzyl,

4-methoxybenzyl,

4-t-butoxybenzyl,

4-benzyloxybenzyl,

4-{¢-CH(CH,)O-]benzyl,
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4-[¢p-CH(COOH)O-]benzyl,
4-[BocNHCH,C(O)NH-]benzyl,
4-chlorobenzyl,
4-[NH,CH,C(O)NH-]benzyl,
4-carboxybenzyl,
4-[CbzNHCH,CH,NH-]benzyl,
3-hydroxy-4-(¢-OC(O)NH-)benzyl,
4-[HOOCCH,CH,C(O)NH-]benzyl,
benzyl, '
4-[2'-carboxylphenoxy-Jbenzyl,
4-[?b-C(O)_NH—]benzyl,
3-carboxybenzyl,

4-iodobenzyl,
4-hydroxy-3,5-diiodobenzyl,

. 4-hydroxy-3-iodobenzyl,

4-[2'-carboxyphenyl-]benzyl,
¢-CH,CH,-,

4-nitrobenzyl,
2-carboxybenzyl,

4-[dibenzylamino]-benzyl,

4-[(1'-cyclopropylpiperidin-4’-yl)C(O)NH-]benzyl,

4-[-NHC(O)CH,NHBoc]benzyl,
4-carboxybenzyl, _
4-hydroxy-3-nitrobenzyl,
4-[-NHC(O)CH(CH,)NHBoc]benzyl,
4-[-NHC(O)CH(CH,$)NHBoc]benzyl,
isobutyl,

methyl,

4-[CH,C(O)NH-]benzyl,
-CH,-(3-indolyl),

PCT/US00/01686
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n-butyl,
t-butyl-OC(O)CH,-,
-butyl-OC(O)CH,CH;-,
H,NC(O)CH-,
H,NC(O)CH,CH,-,
BocNH-(CH,),-,
t-butyl-OC(O)-(CH,),-,
HOOCCH,-,

HOOC(CH,),-,

H,N(CH,),-,

isopropyl,

(1-naphthyl)-CH,-,
(2-naphthyl)-CH,-,
(2-thiophenyl)-CH,-,
(¢-CH,-OC(O)NH~(CH,),,
cyclohexyl-CH,-,
benzyloxy-CH,-,

HOCH,-,
5-(3-N-benzyl)imidazolyl-CH,-,
2-pyridyl-CH,-,
3-pyridyl-CH,-,
4-pyridyl-CH,-,
5-(3-N-methyl)imidazolyl-CH,-,
N-benzylpiperid4-yl-CH,-,
N-Boc-piperidin-4-yl-CH,-,
N-(phenyl-carbonyl)piperidin-4-yl-CH,-,
H,CSCH,CH,-,
1-N-benzylimidazol-4-yl-CH,-,
iso-propyl-C(O)NH-(CH)),-,
iso-butyl-C(O)NH-(CH,),-,

PCT/US00/01686
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phenyl-C(O)NH-(CH,),~,
benzyl-C(O)NH-CH,),,
allyl-C(O)NH-(CH,),-,
4-(3-N-methylimidazolyl)-CH,-,
4-imidazolyl,
4-[(CH,),NCH,CH,CH,-O-Jbenzyl,
4-[(benzyl),N-]-benzyl,
4-aminobenzyl,

allyloxy-C(O)NH(CH,),-,

allyloxy-C(O)NH(CH,);-,
allyloxy-C(O)NH(CH,),-,
NH,C(O)CH,-,

¢-CH=,

2-pyridyl-C(O)NH-(CH,),-,
4-methylpyrid-3-yl-C(O)NH-(CH,),-,
3-methylthien-2-yl-C(O)NH-(CH,),-,
2-pyrrolyl-C(O)NH-~(CH,),-,
2—furanyI-C(O)NH-(CHz)4-,
4-methylphenyl-SO,-N(CH,;)CH,C(O)NH(CH,),-,
4-[cyclopentylacetylenyl]-benzyl,
4-[-NHC(0)-(N-Boc)-pyrrolidin-2-yl)}-benzyl-,
1-N-methylimidazol-4-yl-CH,-,
1-N-methylimidazol-5-y1-CH,-,
imidazol-5-yl-CH;-, -
6-methylpyrid-3-yl-C(O)NH-(CH,),-,
4-[2'-carboxymethylphenyl}-benzyl,
4-{-NHC(O)NHCH,CH,CH,-¢$]-benzyl,
4-[-NHC(O)NHCH,CH,-¢$]-benzyl,
-CH,C(O)NH(CH,),9,
4-[¢(CH,),0-]-benzyl,

PCT/US00/01686
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4-[-C=C-¢-4'$p}-benzyl,
4-[-C=C-CH,-0-5(0),-4'-CH;-¢}-benzyl,
4-[-C=C-CH,NHC(O)NH,]-benzy],
4-[-C=C-CH,-0-4'-COOCH,CH,-¢]-benzyl,
4-[-C=C-CH(NH,)-cyclohexyl]-benzyl,
-(CH,),NHC(O)CH,-3-indolyl,
-(CH,),NHC(O)CH,CH,-3-indolyl,
-(CH,),NHC(0)-3-(5-methoxyindolyl),
-(CH,),NHC(0)-3-(1-methylindolyl),
-(CH,),NHC(0)-4-(-SO,(CH,)-¢),

-(CH,) ,NHC(0)-4-(C(O)CH,)-phenyl,
-(CH,),NHC(0)-4-fluorophenyl,

-(CH,) NHC(O)CH,0-4-fluorophenyl,
4-[-C=C-(2-pyridyl)]benzyl,
4-{-C=C-CH,-O-phenyl]benzyl,
4-[-C=C-CH,0CHj;]benzyl,
4-[-C=C-(3-hydroxyphenyl)]benzyl,
4-[-C=C-CH,-0-4'-(-C(O)OC,H;)phenyl]benzyl,
4-[-C=C-CH,CH(C(O)OCH,),}benzyl,

PCT/US00/01686

4-[-C=C-CH,NH-(4,5-dihydro-4-oxo-5-phenyl-oxazoi-2-yl),

3-aminobenzyl,

4-{-C=C-CH,CH( NHC(O)CH,)C(O)OH}-benzyl,

-CH,C(O)NHCH(CH,)$,
-CH,C(O)NHCH,-(4-dimethylamino)-¢,
-CH,C(O)NHCH,-4-nitrophenyl,
-CH,CH,C(O)N(CH,)CH,-$,

-CH,CH,C(O)NHCH,CH,~(N-methyl)-2-pyrrolyl,

-CH,CH,C(O)NHCH,CH,CH,CH;,
-CH,CH,C(O)NHCH,CH,-3-indolyl,
-CH,C(O)N(CH,)CH,pheny],
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-CH,C(O)NH(CH,),-(N-methyl)-2-pyrrolyl,
-CH,C(O)NHCH,CH;CH,CH,,
-CH,C(O)NHCH,CH,-3-indolyl,
-(CH,),C(O)NHCH(CH,)$,
-(CH,),C(O)NHCH,-4-dimethylaminopheny!,
~(CH,),C(O)NHCH,4-nitropheny},
-CH,C(O)NH-4-{-NHC(O)CH;-phenyl},
~CH,C(O)NH-4-pyridyl, -
-CH,C(O)NH-4-[dimethylaminophenyl],
~CH,C(O)NH-3-methoxyphenyl,
-CH,CH,C(O)NH-4-chlorophenyl, -
-CH,CH,C(O)NH-2-pyridyl,
-CH,CH,C(O)NH-4-methoxyphenyl,
-CH,CH,C(O)NH-3-pyridyl,
4-{(CH;),NCH,CH,0O-]benzyl,
-(CH,);NHC(NH)NH-SO,-4-methylphenyl,
4-[(CH,),NCH,CH,O-]benzyl,
-(CH,),NHC(O)NHCH,CH,,

-(CH,), NHC(O)NH-phenyl,
-(CH,);NHC(O)NH-4-methoxyphenyl,
4-[4'-pyridyl-C(O)NH-]Jbenzyl,
4-{3'-pyridyl-C(O)NH-]benzyl,
4-[-NHC(O)NH-3'-methylphenyl}benzyl,

4-[-NHC(O)CH,NHC(O)NH-3'-methylphenylJbenzyl,
4-[-NHC(0)-(2’,3'-dihydroindol-2-yl)Jbenzyl,

4-[-NHC(0)-(2',3'-dihydro-N'-Bot:-indol-Z-yl)]benzyl,
p-[-OCH,CH,-1'-(4'-pyrimidinyl)-piperazinyl]benzyl,

4-{-OCH,CH,~(1’-piperidinyl)benzyl,
4-{-OCH,CH,-(1’-pyrrolidiny1)]benzyl,
4-[-OCH,CH,CH,~(1'-piperidinyl)]benzyl-,

PCT/US00/01686
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-CH,-3-(1,2,4-triazolyl),
4-[-OCH,CH,CH,-4-(3'-chlorophenyl)-piperazin-1-yljbenzyl,
4-[-OCH,CH,N(¢)CH,CH,}benzyl,
4-{-OCH,-3'~(N-Boc)-piperidinyl]benzyl,
4-[di-n-pentylaminojbenzyl,

4-[n-pentylamino]benzyl,
4-[di-iso-propylamino-CH,CH,0-]benzy],
4-[-OCH,CH,-(N-morpholinyl)]benzyl,
4-[-O-(3'-(N-Boc)-piperidinyl]benzyl,
4-[-OCH,CH(NHBoc)CH,cyclohexyl]benzyl,
p-[OCH,CH,-(N-piperidinyl}benzyl,
4-{-OCH,CH,CH,-(4-m-chlorophenyl)-piperazin-1-yI]benzyl,
4-[-OCH,CH,-(N-homopiperidinyl)benzyl,
4-[-NHC(0)-3'-(N-Boc)-piperidinyl}benzyl,
4-[-OCH,CH,N(benzyl),]benzyl,

-CH,-2-thiazolyl,

3-hydroxybenzyl,

4-[-OCH,CH,CH,N(CH,),Jbenzyl,
4-{-NHC(S)NHCH,CH,-(N-morpholino)]benzyl,
4-[-OCH,CH,N(C,H;),])benzyl,
4-[-OCH,CH,CH,N(C,H;),jbenzyl,
4-[CH,(CH,),NH-]benzyl,
4-[N-n-butyl,N-n-pentylamino-jbenzyl,
4-[-NHC(0O)-4’-piperidinyl]benzyl,
4-[-NHC(O)CH(NHBoc)(CH,),NHCbz]benzyl,
4-[-NHC(0)-(1',2’,3',4"-tetrahydro-N-Boc-isoquinolin-1 "-yl]benzyl,
p-[-OCH,CH,CH,-1'-(4'-methyl)-piperazinyl]benzyl,
-(CH,),NH-Boc,

3-[-OCH,CH,CH,N(CH,), Jbenzy!,
4-[-OCH,CH,CH,N(CH,),]benzyl,
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- 3-[-OCH,CH,-(1"-pyrrolidinyl)]benzyl,
4-[-OCH,CH,CH,N(CH,)benzyl]benzyl,
4-[-NHC(S)NHCH,CH,CH,-(N-morpholino)Jbenzyl,
4-[-OCH,CH,~(N-morpholino)Jbenzyl,

5 4-[-NHCH,-(4'-chlorophenyl)Jbenzyl, .~
4-[-NHC(O)NH-(4'-cyanophenyl)lbenzyl,
4-[-OCH,COOH]benzyl,
4-[-OCH,COO-t-butyl]benzyl,
4-[-NHC(O)-5'-fluoroindol-2-yl]benzyl,

10 4-[-NHC(S)NH(CH.,),-1-piperidinyl]benzyl,
4-[-N(SO,CH;)(CH,),-N(CH;),]benzyl,

' 4-[-NHC(O)CH,CH(C(O)OCH,$)-NHCbz]benzyl,
4-[-NHS(0),CF;]benzyl,
3-{-O-(N-methylpiperidin-4"-yl]benzyl,

15 4-[-C(=NH)NH,]benzyl,

' 4-[-NHSO,-CH,Cl]benzyl,
4-[-NHC(0)-(1',2’,3' ,4"-tetrahydroisoquinolin-2’-yljbenzyl,
4-[-NHC(S)NH(CH,),-N-morpholinoJbenzyl,
4-[-NHC(O)CH(CH,CH,CH,CH,NH,)NHBoc]benzyl,

20 4-[-C(O)NH,]benzyl, |
4-[-NHC(O)NH-3'-methoxyphenyl]benzyl,
4-[-OCH,CH,-indol-3'-yl]benzyl, |
4-[-OCH,C(O)NH-benzylJbenzyl,
4-[-OCH,C(0)0-benzylbenzyl,

25 4-{-OCH,C(O)OH]benzyl,
4-{-OCH,-2'-(4',5'-dihydro)imidazolyl]benzyl,
-CH,C(O)NHCH,-(4-dimethylamino)phenyl,
-CH,C(O)NHCH,-(4-dimethylamino)phenyl,
4-[-NHC(0)-L-2’-pyrrolidinyl-N-SO,-4"-methylphenyl]benzyl,

30 4-[-NHC(O)NHCH,CH,CH;}benzyl,



WO 00/43372

10

15

20

30

PCT/US00/01686

—63 -

4-aminobenzyl]benzyl,
4-[-OCH,CH,-1-(4-hydroxy-4~(3-methoxypyrrol-2-yl)-
piperazinyl]benzyl,
4-{-O-(N-methylpiperidin-4'-yl)]benzyl,
3-methoxybenzyl,
4-[-NHC(O)-piperidin-3’-yl]benzyl,
4-[-NHC(O)-pyridin-2'-yl]benzyl,
4-[-NHCH,-(4’-chlorophenyl)]benzyl,
4-[-NHC(O)-(N-(4'-CH3-$-SO,)-L-pyrrolidin-2’-yl)Jbenzyl,
4-[-NHC(O)NHCH,CH,-¢$)benzyl,
4-[-OCH,C(O)NH,]benzyl,
4-[-OCH,C(O)NH-t-butyl]lbenzyl,
4-[-OCH,CH,-1-(4-hydroxy-4-phenyl)-piperidinylJbenzyl,
4-[-NHSO,-CH =CH,]benzyl,
4-[-NHSO,-CH,CH,Cl]benzyl, .
-CH,C(O)NHCH,CH,N(CH,),,
4-[(1’-Cbz-piperidin-4'-yl)C(O)NH-]Jbenzyl,
4-{(1’-Boc-piperidin-4'-yl)C(O)NH-]benzyl,
4-[(2'-bromophenyl)C(O)NH-]benzyl,
4-[-NHC(O)-pyridin-4’-yl]benzyl,
4-{(4'-(CH,),NC(0)O-)phenyl)-C(O)NH-Jbenzyl,
4-[-NHC(O)-1'-methylpiperidin-4'-yl-]benzyl,
4-(dimethylamino)benzyl,
4-[-NHC(O)~(1'-N-Boc)-piperidin-2’-yllbenzyl,
3-[-NHC(O)-pyridin4’-yl]benzyl,
4-[(tert-butyl-O(O)CCH,-O-benzyl)-NH-]Jbenzyl,
[BocNHCH,C(O)NH-]butyl,
4-benzylbenzyl,
2-hydroxyethyl,
4-[(Et),NCH,CH,CH,NHC(S)NH-]benzyl,
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. 4-[(1’-Boc-4'-hydroxypyrrolidin-2’-yl)C(O)NH-}benzyl,
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4-{$CH,CH,CH,NHC(S)NH-]benzyl,
4-[(perhydroindolin-2’-yl)C(O)NH-]benzyl,
2-[4-hydroxy-4-(3-methoxythien-2-yl)piperidin-1-yljethyl,
4-[(1'-Boc-perhydroindolin-2’-yl)-C(O)NH-Jbenzyl,
4-[N-3-methyIbutyl—N-_triﬂuorpni_eﬂxénesulfOnyl)amino]benzyl,
4-[N-vinylsulfonyl)amino]benzyl, .
4—[2_-(2-azabicy(:lo[3.2.2]octan-2-yl)ethyl-0-]benzy1,
4-[4'-hydroxypyrrolidin-2’-y1)C(O)NH-]benzyl,
4-(pNHC(S)NH)benzyl, ' '
4-(EtNHC(S)NH)benzyl,

4-(¢CH,NHC(S)NH)benzyl,
3-[(1’-Boc-piperidin-2’-y1)C(O)NH-]benzyl,
3-[piperidin-2’-yl-C(O)NH-]benzyl,
4-{(3’-Boc-thiazolidin-4’-yl)C(O)NH-]benzyl,

4-~(pyridin-3'-yl-NHC(S)NH)benzyl,

4-(CH,-NHC(S)NH)benzyl,
4-(H,NCH,CH,CH,C(O)NH)benzyl,
4-(BocHNCH,CH,CH,C(O)NH)benzyl,
4-(pyridin-4’-yl-CH,NH)benzyl,
4-[(N,N-di(4-N,N-dimethylamino)benzyl)amino]benzyl,
4-[(1-Cbz-piperidin-4-yl)C(O)NH-]butyl,
4-[¢CH,O0CH,(BocHN)CHC(O)NH]benzyl,
4-[(piperidin-4'-yl)C(O)NH-]benzyl,
4-[(pyrrolidin-2'-yl)C(O)NH-]benzyl,
4-(pyridin-3'-yl-C(O)NH)butyl,
4-(pyridin-4'-yl-C(O)NH)butyl,

4~(pyridin-3 '-yl-C(Q)NH)benzyl ,
4-[CH,NHCH,CH,CH,C(O)NH-]benzyl,
4-[CH;N(Boc)CH,CH,CH,C(O)NH-]benzyl,
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4-(aminomethyhbenzyl,
4-[¢CH,0CH,(H,N)CHC(O)NH]benzyl,
4-[(1’,4’-di(Boc)piperazin-2’-yl)-C(O)NH-]benzyl,
4-[(piperazin-2’-y])-C(O)NH-]Jbenzyl,
4-[(N-toluenesulfonylpyrrolidin-2’-y1)C(O)NH-Jbutyl,
4-[-NHC(0)-4’-piperidinyl]butyl,
4-[-NHC(0O)-1'-N-Boc-piperidin-2'-ylJbenzyl,
4-{-NHC(O)-piperidin-2'-yl}benzyl,
4-[(1’-N-Boc-2’,3'-dihydroindolin-2’-y1)-C(O)NH]benzy|,
4-(pyridin-3'-yl-CH,NH)benzyl,
4-[(piperidin-1'-y1)C(O)CH,-O-]benzyl,
4-[(CH,),CH),NC(O)CH,-O-]benzyl,
4-[HO(O)C(Cbz-NH)CHCH,CH,-C(O)NH-}benzyl,
4-[¢CH,0(0)C(Cbz-NH)CHCH,CH,-C(O)NH-]benzyl,
4-f-NHC(O)-2'-methoxyphenyl]benzyl,
4-[(pyrazin-2’-yl)C(O)NH-]benzyl,
4-fHO(O)C(NH,)CHCH,CH,-C(O)NH-]benzyl,
4-(2’-formyl-1',2',3’,4’-tetrahydroisoquinolin-3’-yl-CH,NH-)benzyl,
N-Cbz-NHCH,-,
4-[(4'-methylpiperazin-1'-yl)C(O)O-Jbenzyl,
4-[CH,(N-Boc)NCH,C(O)NH-]benzyl,
4-[-NHC(0)-(1’,2",3’ ,4'-tetrahydro-N-Boc-isoquinolin-3‘-yI]-benzyl,
4-[CH,NHCH,C(O)NH-]benzyl,

(CH,),NC(O)CH;-,

4-(N-methylacetamido)benzyl,

4~(1',2',3’ ,4'-tetrahydroisoquinolin-3'-yl-CH,NH-)benzyl,
4-{(CH,),NHCH,C(O)NH-]benzyl,
(1-toluenesulfonylimidizol-4-yl)methyl,
4-{(1'-Boc-piperidin-4'-yl)C(O)NH-]benzyl,
4-trifluoromethylbenzyl,
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4-[(CH,),NC(O)NH-]benzy!,
4-[CH,0C(O)NH-]benzyl,
4-{(CH;),NC(0)O-Jbenzyl,
4-{(CH;),NC(O)N(CH;)-]benzyl,
4-[CH,0C(O)N(CH,)-]benzyl,
4-(N-methyltrifluoroacetamido)benzyl,

4-[(1’-methoxycarbonylpiperidin-4’-yl1)C(O)NH-]benzyl,

4-[(4'-phenylpiperidin4'-yl)C(O)NH-]benzyl,

4-[(4'-phenyl-1’-Boc-piperidin-4'-yl)-C(O)NH-]benzyl,

PCT/US00/01686

4-[(piperidin-4'-yl)C(O)O-]benzyl, 4-[(1’-methylpiperidin-4’-yl)-

O-]benzyl,
4-[(1 ’-methylpiperidin—4’-yl)C(O)O—]benzyl,
4-[(4'-methylpiperazin-1'-ylI)C(O)NH-]benzyl,
3-[(CH,),NC(0)O-]benzyl,
4-{(4’-phenyl-1 '-Boc—piperidin—'4.’-yl)-C(O)O—]benzyl,
4-(N-toluenesulfonylamino)benzyl,
4-[(CH,),CC(O)NH-]benzyl,
4-[(morpholin-4’-yl)C(O)NH-]benzyl,
4-[(CH,CH,),NC(O)NH-}benzyl,
4-[-C(O)NH-(4'-piperidinyl)]benzyl,
4-[(2’-trifluoromethylphenyl)C(O)NH-]benzyl,
4-[(2’-methylphenyl)C(O)NH-]benzyi,
4-[(CH,),NS(0),0-]benzyl,
4-[(pyrrolidin-2’-yl)C(O)NH-]benzyl,
4-[-NHC(O)-piperidin-1'-yI]benzyl,
4-[(thiomorpholin-4’-y1)C(O)NH-]benzyl,
4-[(thiomorpholin-4’-yl sulfone)-C(O)NH-]benzyl,
4-[(morpholin-4'-y)C(O)O-]benzyl,
3-nitro-4-(CH,;0C(O)CH,0O-)benzyl,
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(2-benzoxazolinon-6-yl)methyl-,
(2H-1,4-benzoxazin-3(4 H)-one-7-ymethyi-,
4-[{(CH,),NS(O),NH-Jbenzyl,
4-[(CH;),NS(0),N(CH,)-]benzyl,
4-[(thiomorpholin-4'-y1)C(0)O-]benzyl,

‘4-(thiomorpholin-4'-yl sulfone)-C(0)O-Jbenzyl,

4-f(piperidin-1’-y1)C(0)O-]benzyl,
4-[(pyrrolidin-1’-yl)C(O)O-]benzyi,
4-{(4'-methylpiperazin-1’-yl)C(O)O-]benzyl,
4-[(2'-methylpyrrolidin-1'-yl)-,
(pyridin-4-yl)methyl-,
4-[(piperazin-4‘-y1)-C(0)O-Jbenzyl,
4-{(1'-Boc-piperazin-4'-yl)-C(O)O-]benzyl,
4-{(4'-acetylpiperazin-1'-y)C(O)O-Jbenzyl,
P-[(4'-methanesulfonylpiperazin-1'-yl)-benzyl,
3-nitro-4-[(morpholin-4'-y1)-C(O)O-Jbenzyl,
4-{[(CH,),NC(S)],N-} benzyl,
N-Boc-2-aminoethyl-,
4-[(1,1-dioxothiomorpholin-4-y1)-C(O)O-Jbenzyl,
4-{(CH,),NS(0),-]benzyl,
4-(imidazolid-2’'-one-1’-yl)benzyl,
4-[(piperidin-1'-yl)C(O)O-]benzyl,
1-N-benzyl-imidazol-4-yl-CH,-,
3,4-dioxyethylenebenzyl (i.e., 3,4-ethylenedioxybenzyl),
3,4-dioxymethylencbenzyl (i.e., 3,4-methylenedioxybenzyl),
4-[-N(SO,)(CH,)CH,CH,CH,N(CH,),Jbenzyl,
4-(3'-formylimidazolid-2’-one-1’-yl)benzyl,
4-[NHC(O)CH(CH,CH,CH,CH;NH,)NHBoc]benzyl,
[2-[4"-hydroxy-4“-(3'"'-methoxythien-2'''-yl)piperidin-2"-
ylJethoxylbenzyl, and
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- p-[(CH,),NCH,CH,N(CH;)C(0)O-]benzyl.

Preferably, R® iﬁ the above compounds is selected from the group
consisting of alkyl, substituted alkyl, aryl, substituted aryl, heterocyclic,
substituted heterocylic, heteroaryl and substituted hetér'oaryl. Even more
preferably R’ is selected from.the group consisting of 4-methylphenyl,
methyl, benzyl, n-butyl, n-hexyl, 4-chiorophenyl, 1-naphthyl, 2—riaphthyl, 4-
methoxyphenyl, phenyl, 2,4,6-trimethylphenyl, 2-(methoxycarbonyl)phenyl,
2-carboxyphenyl, 3,5-dichlorophenyl, 4—triﬂuoi'omethylphenyl, 3,4- '
dichlorophenyl, 3,4-dimethoxyphenyl, 4-(CH3C(O)NH-)phenyl, 4-
trifluoromethoxyphenyl, 4-cyanophenyl, isopropyl, 3,5-di-
(trifluoromethyl)phenyl, 4-r-butylphenyl, 4-t-butoxyphenyl, 4-nitrophenyl, 2-
thienyl, 1-N-methyl-3-methyl-5-chloropyrazol-4-yl, phenethyl, 1-N- '
methylimidazol-4-yl, 4-bromophenyl, 4-amidinophenyl, 4-
methylamidinophenyl, 4-[CH3SC(=NH)]phenyl, S-chloro-2-thienyl, 2,5-
dichloro-4-thienyl, 1-N-methyl-4-pyrazolyl, 2-thiazolyl, 5-mefhyl41,3,4-
thiadiazol-2-yl, 4-[H,NC(S)]pheny!, 4-aminopheny!, 4-fluorophenyl, 2-
fluorophenyl, 3—ﬂuorophenyl, 3,5-difluorophenyl, pyridin-3-yl, pyrimidin-2-
yl, 4-(3'-dimethylamino—n-propoxy)—phenyl, and 1-methylpyrazol-4-yl.

Preferably, R" in the above compounds is selected from hydrogen or
C,.s alkyl; more preferably, hydrogen or C, ; alkyl; and still more preferably,
hydrogen or methyl.

In a preferred embodiment, R* in the above compounds is preferably
hydrogen and R is preferably C, , alkyl or Cy-C, ,, alkyl, wherein alkyl is
optionally substituted with one to four substituents selected from phenyl and
R*, and Cy is optionally substituted with one to four substituents
independently selected from R’, or R* and R" and the carbon to which they

are attached together from a 3-7 membered mono- or bicyclic carbon only
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ring. For the purpose of R”, Cy is preferably aryl, more preferably phenyl.
In a preferred embodiment, R is pheny!-C, , alky!, wherein phenyl is
optionally substituted with one or two groups selected from R'. Additional
preferred embodiments for R and R' are disclosed in International Patent
Application Publication No. WO 98/53814, which application is

incorporated herein by reference in its entirety.

In a preferred embodiment of the above compounds, R is substituted
amino; RY and/or R are hydrogen; and R'® andfor R? are alkyl, substituted

alkyl, aryl or substituted aryl.

In a preferred embodiment, R? in the above compounds is hydrogen.
Preferably, R? in the above compounds is Ar'-Ar>-C, , alkyl wherein Ar'
and Ar? are optionally substituted with from 1 to 4 groups independently

. selected from R® and R¥ is hydrogen. More preferably, R* is Ar'-Ar?-C, ,

alky! wherein Ar' and Ar? are optionally substituted with from 1 to 4 groups
independently selected from R; still more preferably, R* is -CH,-Ar>-Ar!
and R is hydrogen. Additional preferred embodiments are disclosed in
International Patent Application Publication No. WO 98/53817, which

application is incorporated herein by reference in its entirety.

Preferably, R® and R¥, or R* and R?, or R* and R® are derived
from L-amino acids or other similarly configured starting materials.

Alternatively, racemic mixtures can be used.
Preferably, x in the above compounds is an integer from 1 to 4.

This invention also provides methods for binding VLA-4 in a

biological sample which method comprises contacting the biological sample
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with a compound of this invention under conditions wherein said compound

binds to VLA4,

The pharmaceutical compositions may be used to treat disease
conditions mediated by VL.A-4 or leucocyte adhesion. Such disease.
conditions include, by way of example, asthma, Alzhe'imer's disease,
atherosclerosis, AIDS dementia, diabetes (including acute juvenile onset
diabetes), inflammatory bowel disease (including ulcerative colitis and
Crohn's disease), muitiple sclerosis, rheumatoid arthritis, tissue
transplantation, tumor metastasis, meningitis, endephalitis, 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.

Other disease 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 granulomatosis, aortitis,
sarcoidosis, lymphocytopenia, temporal arteritis, péricarditis, myocarditis,
congestive heart failure, polyarteritis nodosa, hypersensitivity syndromes, -
allergy, hypereosinophilic syndromes, Churg-Strauss syndrome, chmaic :
obstructive pulmonary-disease, hypersensitivity pneumonitis, chronic active
hepatitis, interstitial cystitis, autoimmune endocrine failure, primary biliary
cirrhosis, autoimmune aplastic anemia, chronic persistent hepatitis and

thyroiditis.

Preferred compounds of this invention include those set forth in the

Tables below:
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Table I
R®
R7
NJ\lN CH,
QL H
N 0]
R5802/ \R5
R’ RS R? R® R’ X
4-CH,-Ph- H- H- H- | 4-(CH,),NC(0)O- | -OC(CH,),
4-CH,-Ph- H- H- H- | 4-(CH,),NC(0)O- -OH
4-CH,-Ph- CH;- H- H- | 4-(CH,),NC(0)O- | -OC(CH;),
4-CH,-Ph- CH,- H- H- | 4+(CH,),NC(O)O- -OH
4-CH;-Ph- | 4-CH,-Ph- H- H- | 4-(CH;),NC(0)O- -OH
1-CH,- CH,- H- H- | 4-(CH,),NC(0)O- -OH
pyrazol-4-yl-
4-CH;-Ph- CH;- H- H- | 4-(CH,),NC(0)O- { -OCH(CH,),
3-pyridyl- CH,- H- H- | 4«(CH,),NC(0O)O- | -OC(CH;),
1-(n-C H,)- CH;- H- H- } 4-(CH,),NC(0)O- | -OC(CH,),
pyrazol-4-yl-
4-CH;-Ph- CH;- H- H- H- -OH
| 1-(n-CHy)- CH;- H- H- | 4-(CH,),NC(0)O- -OH
pyrazol-4-yl- :
3-pyridyl- CH;- H- H- | 4-(CH,),NC(O)O- -OH
4-CH;-Ph- CH;- (CH;),N- | H- H- -OH
1-CH,- CH;- H- H- | 4-(CH,),NC(0)O- | -OCH(CH,),
pyrazol-4-yl-
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R | R | v || R | x
3-pyridyl- CH- | BH- H- 4-(1-CH,- -OCH(CH,),
' ' piperazin-4- '
yDC(0)O- _
3-pyridyl- CH,- H- H- 4-(1-CH,- -OC(CH,);
' piperazin-4- :
y)C(0)O-
3-pyridyl- CH,- H- H- 4-(1-CH,- -OH
piperazin-4-yl)-
C(0)0-
Ph = phenyl
Table II
e
A
T
= /CH X
Rzo/kl/ku \"/
RIG' . Rzo' RlS‘ . Rl9 . X
Cl- . H- ~ NO- 4~(CH,),NC(0)O- -OH
H H- PhCH,0- | H- | -om
H- H- PhCH,0- 4-(CH,),NC(0)O- -OH
H- | H- Ph- 4-(CH)),NC(0)0- | -OH
H H 3-NO,-Ph- 4-(CH,),NC(0)O- -OH
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Rl6' R20' Rl&' Rl9 | x
H- H- 3pyridyl- | 4<(CH,),NC(0)O- -OH
H- H- 2-PhCH,CH,- | 4-(CH,),NC(0)O- -OH
H- H- 2-CH,Ph- | 4-(CH,),NC(0)O- -OH
H- H- (CH,),NC(0)- | 4-(CH,),NC(0)O- -OH
(CH,),-
H- Ph- H- 4-(CH;),NC(0)O- -OH
H- 2-CR,-Ph- H- 4-(CH,),NC(0)O- -OH
H- 2- H- 4-(CH,),NC(0)O- -OH
HOCH,Ph-
H- H- CF,CH,- 4~(CH,),NC(0)O- -OH
H- H- PhCH,- 4-(CH,),NC(0)0- -OH
H- H- 2-CH;Ph- | 4-(CH,),NC(0)O- | -OCH(CH,),
H- H- 2-PhCH,CH,- | 4-(CH,),NC(0)O- | -OCH(CH,),
H- H- | 2-PhCH,CH, H- _OCH(CH,),
cyclohexyl- H- H- 4-(CH;),NC(0)0O- -OH
(CH,)N-
H- H- CH,CH,CH,- | 4-(CH,),NC(0)O- -OH
B- H- 2-CH,0-Ph- | 4-(CH,),NC(0)O- -OH
H- H- 2-F-Ph- 4-(CH,),NC(0)O- -OH
(CH,),CH- H- 2-CH,Ph- | 4-(CH,),NC(0)O- -OH
(CH)N- .
(CH,),CH-NH- H- 2-CH-Ph- | 4-(CH,),NC(0)O- -OH
(CH,),CHCH,- H- 2-CH,Ph- | 4-(CH,),NC(0)O- -OH
(CH,)N-
CH,CH,CH,- H- 2-CH,Ph- | 4-(CH,),NC(0)O- -OH
(CH;)N-
(CH,),N- H- 2-CH,Ph- | 4-(CH,),NC(0)O- -OH
cyclohexyl- H- 3-pyridyl- 4-(CH,),NC(0)O- -OH
(CH,)N-
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H- H- 2-PhCF,CH,- | 4-(CH,),NC(0)O- -OH
H- o2 2-PhCF,CH,- | 4-(CH,),NC(0)O- -OH
| (HOCH,CH,),N- H- ~ H- 4-(CH,),NC(0)O- | . -OH
(HOCH,CH,),N- H- 2-CH,Ph-~ | 4-(CH,),NC(0)O- -OH
Ph(CH,)N- H- 2-CH,;Ph- | 4-(CH,),NC(0)O- OH
(CH,),CHO- H- 2:CH,-Ph- | 4-(CH,),NC(0)O- -OH
(CH,),CHCH,- H- 2-CH,-Ph- | 4-(CH,),NC(0)O- -OH
CH,(CH,)N- -
CH,NH- H- 2-CH,-Ph- 4-(CH,),NC(0)O- -OH
2-CH,Ph- H- 2-CH;-Ph- | 4-(CH,),NC(0)O- ‘OH
HOCH,CH,- H- 2-CH;-Ph- | 4-(CH,),NC(0)O- -OH
~ (CH3)N- ' ' . _
cyclohexyl-NH- H- 2.CH,Ph- | 4-(CH,),NC(0)O- -OH
1-CH,-piperidin- H- | 2-CHPh | 4-(CH,),NC(0)O- -OH
4-yl-(CH,)N- -
(CH,),CH- H- 2-CH,-Ph- | 4~(CH,),NC(0)O- -OH
(CH3CH2")N' . . : ’
H- 'H- 2,4,6-ri-CH,~ | 4-(CH,),NC(0)O- -OH
Ph- | |
. H- H-. (CH,),CH- | 4-(CH,),NC(0)O- -OH
CH,(CH,),- H- '2-CH,-Ph- | 4-(CH,),NC(0)O- -OH .
(CH,)N- . - | '
CH,CH,CH,- H- 2-CH,Ph- | 4-(CH,),NC(0)O- -OH
(CH,CH,-)N- - o | |
(CH,CH,),N- - ‘2-CH;Ph- | 4-(CH,),NC(0)O- -OH
CH,CH,- H- 2-CH,-Ph- | 4-(CH,),NC(0)O- -OH
(CH)N- | |
H- H- cyclohexyl- | 4-(CH,),NC(O)O- -OH
(furan-2-yl)CH,- H- ' 2-CH,-Ph- 4-(CH,),NC(0)O- -OH
(CH;)N-
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4-C1-Ph-(CH;)N- H- 2-CH,-Ph- 4-(CH,),NC(0)O- -OH
H- H- thien-3-yl- 4-(CH,),NC(0)O- -OH
B- H- thien-2-yl- 4-(CH,),NC(0)O- -OH
HOCH,CH,- H- 2-F-Ph- 4-(CH,),NC(0)0- -OH
(CH,)N-
H- H- piperidin-1-yl- | 4-(CH;),NC(0)O- -OH
H- H- (CH,CH,CH,),- | 4~(CH,),NC(0)O- -OH
CH-
cyclobutyl- H- 2-CH,-Ph- 4-(CH,),NC(0)O- -OH
(CHy)N-
H- H- 2-HOCH,-Ph- | 4~(CH,),NC(0)O- -OH
H- H- 2,6-di-F-Ph- 4-(CH,),NC(0)O- -OH
H- H- 2,4-di-CH,0- | 4-(CH,),NC(0)O- -OH
) pyrimidin-5-yl
cyclohexyl- H- 2-CH;-Ph- 4-(CH,),NC(0)0O- -OH
(CH;)N- .
H- H- 2-CF,-Ph- 4~(CH,),NC(0)O- -OH
cyclohexyl- H- 2-CH;0-Ph- 2,6-di-CH,0-Ph- -OH
(CH;)N"
(CH,),CH- H- 2-F-Ph- 2,6-di-CH,O-Ph- -OH
(CH;)N-
(CH,),CH- H- 2-F-Ph- 2-CH,0-Ph- -OH
(CH,)N-
cyclohexyl- H- 2,6-di-F-Ph- 2,6-di-F-Ph- -OH
(CHy)N- _
cyclobexyl- H- 2-HOCH,-Ph- 2,6-di-CH,0-Ph- -OH
(CH,)N-
(HOCH,CH,),N- H- 2,4,6-tri-CH,- 2,6-di-CH,O-Ph- -OH
' Ph- -
cyclohexyl- H- 2-CF;-Ph- 2-NC-Ph- -OH
(CH3)N-
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Rlﬁ' . : RZO' _ ! Rl&' : | _ Rl9 . x
cyclohexyl- "B | thien3yk | 2,6-di-CH,0-Ph- -OH
cyclohexyl- "H- - | thien-2yl- 4-CF,-Ph- -OH

(CH,)N- | I -
_cyclohexyl- H- 3-pyridyl- 2,6-di-CH;0-Ph- -OH
CH)N- | . | - '-. .
cyclohexyl- H- 3-NO,-Ph- 2,6-di-CH,0-Ph- -OH
(CH,)N- - - |
cyclohexyl- H- 2,6-di-Cl-Ph- | 2,6-di-CH,O-Ph- -OH
(CHN- B o
cyclohexyl- ‘H- 4-pyridyl- 3¥HOCH-2-Ph- -OH
(CH;)N- '
(CH,),CH- H- 2,6-di-CH,0- | 2,6-di-CH,0-Ph- -OH
(CH,CH,-)N- Ph- '
cyclohexyl- H-- 2,3-di-Cl-Ph- | 2,6-di-CH,0-Ph- -OH
(CH3)N_ 4 . "
CH,CH,- H- 2,4,6-tri-CH,- - 2-NC-Ph- -OH
(CH,)N-  Ph-
(CH,),CH- H- 2,4,6-ri-CH;- 3-pyridyl- -OH
(CH,)N- Ph-
(HOCH,CH,),N- H- 2,4,6-tri-CH;- 2-NC-Ph- -OH
Ph-
- 1-CH,-piperidin- H- 2-NC-Ph- 2,6-di-F-Ph- -OH
4-yl-(CH,)N- -
(CH,),CH- H- 2,4,6-tri-CH;- 2-CH,-Ph- -OH
(CH,CH,-)N- Ph-
4-C1-Ph-(CH,)N- H- 2,4,6-ri-CH;- |  2,6-di-CH,;0-Ph- -OH
. . Ph-
H- H- PhCH,CH,- | 4-(CH,),NC(0)O- -OH
(CH,)N- '
H- H- CH,(CHp)s | 4-(CH,),NC(0)O- -OH
(CH,)N- -
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H- H- (CH,),CH- | 4-(CH,),NC(0)O- -OH
(CHy)N-
H- H- (CH,).C- 4-(CH,),NC(0)O- -OH
(CH;)N-
H- H- (CH,),CH- | 4-(CH,),NC(0)O- -OH
(CH,CH,)N-
H- H- 4-pyridyl- 4-(CH,),NC(0)O- -OH
CH,CH,-
(CHy)N-
H- H- PhCH,CH,- 2,6-di-CH;0-Ph- -OH
(CH,)N-
H- H- CH,(CH,)s- 2,6-di-CH,0-Ph- -OH
(CH;)N-
H- H- (CH,),CH- 2,6-di-CH,0-Ph- -OH
(CHy)N-
H- - H- (CH,),C- 2,6-di-CH,O-Ph- -OH
(CH3)N-
H- H- (CH,),CH- 2,6-di-CH,0-Ph- -OH
(CH,CH,-)N-
H- H- 4-pyridyl- 2,6-di-CH,0-Ph- -OH
CHzCHz"
(CH)N-
cyclohexyl- H- CH,CH,- 4-(CH,),NC(0)0- -OH
(CH,)N-
H- H- CF,CH,- 2,6-di-CH;O-Ph- -OH
cyclohexyl- H- 2-CH,-Ph- 2,6-di-CH,0-Ph- -OH
(CH,)N-
H- H- 2-F-Ph- 2,6-di-CH,O-Ph- -OH
CH;CH:CH;‘ H’ 2"CH3‘P h‘ 2,6‘di‘CH30‘Ph‘ "OH
(CH;)N-

Ph = phenyl
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Table III
R3°
< ' Wr"
' (@)
Rsso2
RS R6 RT ! Rs' R9' . X ‘=

4CH,Ph- | CH, H- | H- | 4(CH)NC©0O-| -0H'
4CH,Ph- | CH, H- | H- | 4«CH,),NC(0)0- | -OCH(CH,),

Ph = phenyl
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Table IV
(ﬁ)b e
S
N\’ 7N CA,
H X
R&—N N
L
RS R® b R X
CH,(CH,);- CH,(CH)s- | 2 4-HO- -OH
CH,(CH,)s- CH,(CH,),- | 2 4-(CH,),NC(0)O- -OH
CH3' CHg' 1 4'(CH3)2NC(0)0' 'OC(CH3)3
3-CH,-PhNH- H- 2 4-(CH,),NC(0)O- -OH
C(O)NH(CH,),- .
CH,(CH,)s- CH,(CH)s- | 2 4-(1-CH,- -OH
piperazin-4-yl)C(O)O-

Ph = phenyl
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~ Accordingly, this invention is also directed to each of the following
compounds:
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N-(2-chloro-5-nitropyrimidin-4-y!)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-[5-(N-4-toluenesulfonylamino)pyrimidin-4-y1]-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine zerz-butyl ester,

N-{5-(N-4-toluenesulfonylamino)pyrimidin-4-y1}-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine, -

N—[5-(N-methyl-N-4-toluenesulfonylammo)pyrxmxdm-4—yl]-L-4-(N N-
dimethylcarbamyloxy)phenylalanine ferz-butyl ester,

N-[5-(N-methyl-N-4-toluenesulfonylamino)pyrimidin-4-yl]-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-[5-(N, N-di-4-toluenesulfonylamino)pyrimidin-4-y1}-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-[5-[N-(1-N’-methylpyrazol-4-ylsulfonyl)-N-methylamino]pyrimidin-
4-yl}-L-4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-[5-(N-methyl-N-4-toluenesulfonylamino)pyrimidin-4-y1]-L-4-(N,N-

dimethylcarbamyloxy)phenylalanine isopropyl ester,

N—[_5-(N-methyl—N—3-pyridylsulfonylamino)pyrimidin-4—yl]-L-4-(N,N—
dimethylcarbamyloxy)phenylalanine zert-butyl ester,

N-(5- (Nvmethyl-N-(l-butylpyrazol-4—yl)sulfonylamxno)pynm1dm—4-y!)—
L-4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(5-(2,4-dimethoxypyrimidin-5-yl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2,6-difluorophenyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-hydroxymethylphenyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-cyclohexylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,
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N-(2-(N-methyl-N-(1-methylpiperidin-4-yl)amino)-5-(2-
tolyl)pyrimidin-4-yl)-L-4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-ethyl-N-isopropylamino)-5-(2-tolyl)pyrimidin-4-yt)-L-4-(V, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2,4-6-trimethylphenyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-isopropylpyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-butylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-ethyl-N-propylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N,N-diethylamino)-5-(2-tolyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-ethylamino)-5~(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-benzyloxypyrimidin-4-yl)-L-phenylalanine,

N-(5-benzyloxypyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl-N-4-toluenesulfonylamino)pyrimidin-4-y1)-L-
phenylalanine, '

N-(5-(N-methyl-N-3-pyridinesuifonylamino)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-phenylpyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(3-(N-methyl—N-4-toluenesulfbnylamino)pyrazin-Z-yl)-L-4-(N,N—
dimethylcarbamyloxy)phenylalanine,

N-(5-(2,2,2-triftuoroethyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,
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N-(5-(N-methyl-N-3-pyridinesulfonylamino)pyrimidin-4-yl)-L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine isopropy! ester,

N-(5-benzylpyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine, -

N-(5-(N-methy]-N-3-pyridinesulfonylaﬁ1ino)pyrinﬁdin—4—yl)—L-4—(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine tert-butyl ester,

N-(5-(2-trifluoromethylpheriyl)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-N,N-dimethylcarbamylethyl)pyrimidin-4-yl)—L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl-N-3-(1-methylpyrazole)sulfonylamino)pyrimidin-4-yl)-
L-4-(N, N-dimethylcarbamyloxy)phenylalanine isopropyl ester,

N-(6-phenylpyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(6—(2-triﬂuorom'ethylpheny'l)pyrimidin-4-yl)-L-4-(N,N-

25

30

35

45

dimethylcarbamyloxy)phenylalanine,

N-(6-(2-hydroxymethylphenyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-cyclohexylpyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-2-furanmethylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-
4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-d-chlorophenylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-
4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(5-(3-thienyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-thienyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-2-hydroxyethylamino)-5-(2-fluoropheny!)pyrimidin-
4-yl)-L-4-(N, N-dimethylcarbamyloxy)phenylalanine, '
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N-(5-(piperidin-1-yl)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(1-propylbutyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-cyclobutylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N,N-bis-(2-hydroxyethyl)amino)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N,N-bis~(2-hydroxyethyl)amino)-5-(2-tolyl)pyrimidin-4-y1)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-phenylamino)-5-(2-tolyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(isopropoxy)-5-(2-toly)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-3-methylbutylamino)-5-(2-tolyl)pyrimidin-4-y1)-L-
4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(2-tolyl)-5-(2-tolyl)pyrimidin-4-y!)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-2-hydroxyethylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-
4-(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-2-methylpropylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-
4-(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-propylamino)-5-(2-tolyD)pyrimidin-4-y!)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N N-dimethylamino)-5-(2-tolyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(3-pyridyl)pyrimidin-4-y1)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine,
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N-(5-(2-phenyl-2,2-difluoroethyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-phenyl-2,2-difluoroethyl)-6-chloropyrimidin-4-yI)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine, '

N-(5-(2-phenylethyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-cyclohexylam1no)pynmxdm-4—yl)-L-4-(N N-
dimethylcarbamyloxy)phenylalanine,

N-(5-propylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-methoxyphenyl)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-flucrophenyl)pyrimidin-4-yI)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2_-(N-Methyl—N-isopropyIamino}S-(2-tolyl)pyrimidin-‘4—yl)~L-4—
(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-lsopropy1ammo)-5-(2-tolyl)pynm1dm-4—yl)-L-4-(N N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-phenylethyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine isopropyl ester,

N-(3-(N-methyl-N-4-toluenesulfonylamino)pyrazin-2-yl)-L-
phenylalanine isopropy! ester,

N-(5-(2-phenylethyl)pyrimidin-4-yl)-L-phenylalanine isopropy! ester,

N-(5-(N-methyl-N-3-pyridinesulfonylamino)pyrimidin-4-yl)-L-4-(4-
methylpiperazin— 1-ylcarbonyloxy)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5- (2-tolyl)pynm1dm—4-yl)-L-4-
{N,N- dunethylcarbamyloxy)phenylalamne,

N-(2-(N-methyl-N-cyclohexylamino)-5-ethylpyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,
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dimethylcarbamyloxy)phenylalanine isopropyl ester,

N-(5-(3-nitrophenyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(3-pyridyl)pyrimidin-4-yt)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-phenylethyl)pyrimidin-4-y1)-L-4-(N, V-
dimethylcarbamyloxy)phenylalanine,

N-(2-N, N-dimethylamino-5-(N-methyl-N-4-
toluenesulfonylamino)pytimidin-4-y1)-L-phenylalanine,

N-(5-(2-tolyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2-methoxyphenyl)pyrimidin-4-
yh)-L-4-(2,6-dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-isopropylamino)-5-(2-flucrophenyl)pyrimidin-4-yl)-
L-4-(2,6-dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-isopropylamino)-5-(2-fluorophenyl)pyrimidin-4-y!1)-
L-4-(2-methoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2,6-difluorophenyi)pyrimidin-
4-yI)-L-4-(2,6-difluorophenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2-
hydroxymethylphenyl)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(2-(N,N-bis-(2-hydroxyethyl)amino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(2—(N-methyl—N—cyclohexylamino)—5—(2—
trifluoromethylphenyl)pyrimidin-4-yI)-1.-4-(2-
cyanophenyl)phenylalanine,

N—(2-(N-methyl—N—cyclohexylamino)-S—é-thienyl)pyrimidin—4-yl)—1r4-
(2,6-dimethoxyphenyl)phenylalanine,
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(4-trifluoromethylphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamxno)-S-(B—pyndyl)pyrxm1dm-4-yl)-L-4-
2, 6-dunethoxyphenyl)phenylalanme

N-(2-(N-methyl-N-cyclohexylamino)-5- (3-mtrophenyl)pyrumdm—4-yl)—
L4-(2, 6-dunethoxyphenyl)phenylalamne

N-(2-(N-methyl-N-cyclohexylamino)-5-(2, 6—d1chlorophenyl)pynmxdm—
4-y1)-L-4-(2,6-dimethoxyphenyl)phenylalanine,

N—(2-(N-methyl-N-cyclohexylammo)—S-(4-pyr1dyl)pyrlmldm-4-yl)-L-4-
(3-hydroxymethylphenyl)phenylalanine,

N-(2-(N-ethyl-N-isopropylamino)-5-(2,6-dimethoxyphenyl)pyrimidin-
4-yl)-L-4-(2,6-dimethoxyphenyl)phenylalanine,

N—(2-(N-methy}—N-cycIohexylamino)-S-(Z,3-dichlorophényl)_pyrimidin-
4—yl)-L-4»-(2,6-dimethoxyphenyl)phen_ylalanine,

N-(2-(N-methyl-N-ethylamino)-5-(2,4,6-trimethylphenyl)pyrimidin-4-
y1)-L-4-(2-cyanophenyl)phenylalanine,

N-(2-(N-methyl-N-isopropylamino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-y1)-L-4-(3-pyridyl)phenylalanine,

N-(2-(N,N-bis-(2-hydroxyethyl)amino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-y1)-L-4-(2-cyanophenyl)phenylalanine,

N-(2-(N-methyl-N-(1-methylpiperidin-4-yl)amino)-5-(2-
cyanophenyl)pyrimidin-4—yl)-L-4—(2,6-diﬂu0rophenyl)phenylalanine,

N-(2-(N-ethyl-N-isopropylamino)-5-(2,4 6-tnmethylphenyl)pynmldm-
4-yl)-L-4-(o-tolyl)phenylalanine,

N-(2-(N-methyl-N-4-chlorophenylamino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-yI)-L-4-(2,6-
dimethoxyphenyl)phenylalanine, '

N-(5-(N-methyl-N-2-(phenyl)ethylamino)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylala_nine,

N-(5-(N-methyl-N-hexylamino)pyrimidin-4-y1)-L-4~(N,N-
dimethylcarbamyloxy)phenylalanine,
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. N-(5-(N-methyl-N-isopropylamino)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl-N-tert-butylamino)pyrimidin-4-yl)-L-4-(V,N-
5 dimethylcarbamyloxy)phenylalanine,

N-(5-(N-ethyl-N-isopropylamino)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

10 N-(5-(N-methyl-N-2-(4-pyridylethyl-pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl-N-2-(phenyl)ethylamino)pyrimidin-4-yl)-L4-(4-(2,6-
dimethoxyphenyl)phenylalanine,

15
N-(5-(N-methyl-N-hexylamino)pyrimidin-4-yI)-L-4-(2,6-
dimethoxyphenyphenylalanine,

N-(5-(N-methyl-N-isopropylamino)pyrimidin-4-y1)-L4-(2, 6-
20 dimethoxyphenyl)phenylalanine,

. N-(5-(N-methyl-N-tert-butylamino)pyrimidin-4-yI)-1.-4-(2,6--
dimethoxyphenyl)phenylalanine,

25 N-(5-(N-ethyl-N-isopropylamino)pyrimidin-4-y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(5-(N-methyl-N-2-(4-pyridyl)ethyl-pyrimidin-4-y1)-L-4-(2,6-
dimethoxypheny!)phenylalanine,

30
N-(2-(N-methyl-N-cyclohexylamino)-5-ethylpyrimidin-4-yl)-L-4-(V, N-
dimethylcarbamyloxy)phenylalanine,

N-(4-(N,N-di-n-hexylamino)-1,1-dioxo-1,2,5-thiadiazol-3-yl)-L-
35 tyrosine,

N-(4-(N,N-di-n-hexylamino)-1,1-dioxo-1,2,5-thiadiazol-3-yl)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine,

40 N-(4-(N,N-dimethylamino)-1-oxo-1,2,5-thiadiazol-3-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine tert-butyl ester,

N-[4-(2-(3-methylphenylaminocarbonylamino)eth-1-ylamino)-1,1-
dioxo-1,2,5-thiadiazol-3-y1]-L-4-(N, N-
45 dimethylcarbamyloxy)phenylalanine
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N-(4-(N,N-d1-n-hexylammo)-1 1-dioxo-1,2, 5-th1ad1azol~ 3-yl)-L-4-(4-
methylplperazm-l-ylcarbonyloxy)phenylalanme

N-(S-(2,2,2—triﬂuoroethyl)pyrimidin-4~y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(2—(N-cyclohéxyl’-N-methy_l)-S-(Z4tolyl)pyfimidin-4-yl)-L—4-(2,6- |
dimethoxyphen'y_l)phenylalanine,

N-(5-(2-fluorophenyl)pyrimidin-4-y1)-L-4-(2, 6—
dimethoxyphenyl)phenylalanine,

N-(2-(N —methyl-N_éprop'yl)—S-(2-tolyl)pyrimidin—4-yl)—L—4~(2,6-
dimethoxyphenyl)phenylalanine,

N-(3-chloropyrﬁzin—2—yl)—L—4~[l-(tert-butoxycarbonyl)pipcridin—4—
ylcarbonylamino]phenylalanine ethyl ester,

and pharmaceutically acceptable salts thereof. .

DETAILED DESCRIPTION OF THE INVENTION
As above, this invention relatés to compounds which inhibit leukocyte
adhesion and, in particular, leukocyte adhesion mediated by VLA4.
However, prior to describing this invention in further detail, the following

terms will first be defined.

As used herein, "alkyl" refers to alkyl groups preferably having from
1 to 10 carbon atoms and more preferably 1 to 6 carbon atoms. This term is

exemplified by groups such as methyl, t-butyl, n-heptyl, octyl and the like.

"Substituted alkyl" refers to an alkyl group, préferébly of from 1 to
10 carbon atoms, having from 1 to 5 substituents selected from the group
consisting of alkoxy, substitﬁted alkoxy, acyl, acylamino, thiocarbonylamino,
acyloxy, amino, amidino, alkyl amidino,thioamidino, aminoacyl,

aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy, aryl,

PCT/US00/01686
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substituted aryl, aryloxy, substituted aryloxy, aryloxyaryl, substituted
aryloxyaryl, cyano, halogen, hydroxyl, nitro, carboxyl, carboxylalkyl,
carboxyl-substituted alkyl, carboxyl-cycloalkyl, carboxyl-substituted
cycloalkyl, carboxylaryl, carboxyl-substituted aryl, carboxylheteroaryl,
carboxyl-substituted heteroaryl, carboxytheterocyclic, carboxyl-substituted
heterocyclic, cycloalkyl, substituted cycloalkyl, guanidino, guanidinosulfone,
thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted thioaryl,
thiocycloalkyl, substituted thiocycloalky!l, thioheteroaryl, substituted
thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, -OS(0O),-alkyl, -OS(O),-substituted alkyl, -OS(0),-
aryl, -OS(0),-substituted aryl, -OS(0),-heterocaryt, -0S(0),-substituted
heteroaryl, -OS(O),-heterocyclic, -OS(0),-substituted heterocyclic, -OSO,-
NRR where R is hydrogen or alkyl, -NRS(O),-alkyl, -NRS(O),-substituted
alkyl, -NRS(O),-aryl, -NRS(O),-substituted aryl, -NRS(O),-heteroaryl,
-NRS(0),-substituted heteroaryl, -NRS(O),-heterocyclic, -NRS(O),-
substituted heterocyclic, -NRS(O),-NR-alkyl, -NRS(O),-NR-substituted alkyl,
-NRS(0),-NR-aryl, -NRS(0),-NR-substituted aryl, -NRS(O),-NR-heteroaryl,
-NRS(0),-NR-substituted heteroaryl, -NRS(0),-NR-heterocyclic, ~-NRS(O0),-
NR-substituted heterocyclic where R is hydrogen or alkyl, mono- and di-
alkylamino, mono- and di-(substituted alkyl)amino, mono- and di-arylamino,
mono- and di-substituted arylamino, mono- and di-heteroarylamino, mono-
and di-substituted heteroarylamino, mono- and di-heterocyclic amino, mono-
and di-substituted heterocyclic amino, unsymmetric di-substituted amines
having different substituents selected from alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic and substituted alkyl groups having amino groups
blocked by conventional blocking groups such as Boc, Cbz, formyl, and the
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like or alkyl/substituted alkyl groups substituted with -SO;-alkyl, -SO,-
substituted alkyl, -SO,-alkenyl, -SO,-substituted alkenyl, -SO,-cycloalkyl, -
SO,-substituted cycloalkyl, -SO,-aryl, -SO,-substituted aryl, -SO,-heteroaryl, -
-SO,-substituted heteroaryl, -SO,-heterocyclic, -SO,-substituted heterocyclic °
and -SO,NRR where R is hydrogen or alkyl. - o '

"Alkoxy" refers to the group "alkyl-O-" which includes, by way of
example, methoxy, ethoxy, ‘n-propoxy, iso-propoxy, n-butoxy, fert-butoxy,

sec-butoxy, n-pentoxy, n-hexoxy, l_,2-dimethylbutbxy, and the like.
"Substituted alkoxy" refers to the group "substituted alkyl-O-".
- “Alkenoxy” refers to ;he group “a]kenyl-O-”.
“Subsﬁmted alkenoxy” refers to the group “substituted alkenyl-O-".

"Acyl" refers to the groups H-C(O)-, alkyl-C(O)-, substituted alkyl-
C(O)-, alkenyl-C(O)-, Substituted alkenyl-C(0)-, alkynyl-C(Q)-, substituted
alkynyi-C(O)- cycloalkyl-C(O)-, substituted cycloalk_yl-C(O)-, aryl-C(O)-,
substituted aryl-C(O)-, heteroaryl-C(O)—, substituted heteroaryl-C(O),
heterocyclic-C(O)-, and substituted heterocyclic-C(O)- wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
cycloatkyl, _substituted cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted heterocyclic are as defined

herein.

"Acylamiho" refers to the group -C(O)NRR where each R is
independéntly selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
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substituted heteroaryl, heterocyclic, substituted heterocyclic and where each
R is joined to form together with the nitrogen atom a heterocyclic or
substituted heterocyclic ring wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic are as defined herein.

"Thiocarbonylamino” refers to the group ~-C(S)NRR where each R is
independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic and where each
R is joined to form, together with the nitrogen atom a heterocyclic or
substituted heterocyclic ring wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

heterocyclic and substituted heterocyclic are as defined herein.

"Acyloxy" refers to the groups atkyl-C(0O)O-, substituted alkyl-
C(0)O-, alkenyl-C(O)O-, substituted atkenyl-C(Q)O-, alkynyl-C{(0)O-,
substituted alkynyl-C(O)O-, aryl-C(0)O-, substituted aryl-C(O)O-,
cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-, heteroaryl-C(O)O-,
substituted heteroaryl-C(O)O-, heterocyclic-C(0)O-, and substituted
heterocyclic-C(Q)O- wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and

substituted heterocyclic are as defined herein.

"Oxysulfonyl” refers to the groups alkyl-SO,0-, substituted alkyl-
S0,0-, alkenyl-SO,0-, substituted alkenyl-SO,0-, alkynyl-SO,0-, substituted
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alkynyl-SO,0-, aryl-SO,0-, substituted aryl-S0,0-, cycloalky!-SO,0-,
substituted cycloaikyl-SO,0-, heteroaryl-SO,0-, substituted hetemafyl—SOZO-
, heterocyclic-SO,0-, and substituted heterocyclic-SO,0- wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted hetgrocyclic are as defined

herein.

"Alkenyl" refers to alkenyl group preferably having from 2 to 10
carbon atoms and more preférably 2 to 6 carbon atoms and having at least 1

and preferably from 1-2 sites of alkenyl unsaturation.

"Substituted alkenyl” refers to alkenyl groups having from 1 to 5
substituents selected from the group consisting of alkoxy, substituted alkoxy,
acyl, acylamino, thiocarbonylamino, acyloxy, amino, amidino, alkylamidino,

thioamidino, aminoacy!, aminocarbonylamino, aminothiocarbonylamino,

- aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy,

aryloxyaryl, substituted aryloxyaryl, halogen, hydroxyl, cyano, nitro,
carboxyl, carbbxy]alkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl,
carboxyl-substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl—éubstimted heteroaryl, carboxylheterocyclic,
carboxyl-substimied heterocyclic, cycloalkyl, substituted cycloalkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl,
substituted thioheteroaryl, thioheterocyclic, substituted thioheterocyclic,
heteroaryl, substituted heteroaryl, heterocyclic, substitﬁted-heterocyclic,
cycloalkoky, substituted cycloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(0),-alkyl, -OS(0),-
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substituted alkyl, ~-OS(O);-aryl, -OS(0O),-substituted aryl, -OS(O),-heteroaryl,
-08(0),-substituted heteroaryl, -OS(0),-heterocyclic, -OS(O),-substituted
heterocyclic, -OSO,-NRR where R is hydrogen or alkyl, -NRS(O),-alkyl,
-NRS(0),-substituted atkyl, -NRS(O),-aryl, -NRS(O),-substituted aryl,
-NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl, -NRS(0),-
heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O),-NR-alkyl,
-NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-substituted
aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted heteroaryl,
-NRS(0),-NR-heterocyclic, -NRS(O),-NR-substituted heterocyclic where R is
hydrogen or alkyl, mono- and di-alkylamino, mono- and di-(substituted
alkyl)amino, mono- and di-arylamino, mono- and di-substituted arylamino,
mono- and di-heteroarylamino, mono- and di-substituted heteroarylamino,
mono- and di-heterocyclic amino, mono- and di-substituted heterocyclic
amino, unsymmetric di-substituted amines having different substituents
selected from alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted heterocyclic and
substituted alkenyl groups having amino groups blocked by conventional
blocking groups such as Boc, Cbz, formyl, and the like or alkenyl/substituted
alkenyl groups substituted with -SO,-alkyl, -SO,-substituted alkyl, -SO,-
alkenyl, -SO,-substituted alkenyl, -SO,~cycloalkyl, -SO,-substituted
cycloalkyl, -SO,-aryl, -SO,-substituted aryl, -SO,-heteroaryl, -SO,-substituted
heteroaryl, -SO,-heterocyclic, -SO,-substituted heterocyclic and -SO,NRR
where R is hydrogen or alkyl.

"Alkynyl" refers to alkynyl group preferably having from 2 to 10
carbon atoms and more preferably 3 to 6 carbon atoms and having at least 1

and preferably from 1-2 sites of alkynyl unsatration.

"Substituted alkynyl" refers to alkynyl groups having from 1 to 5
substituents selected from the group consisting of alkoxy, substituted alkoxy,
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acyl, acylamino, thiocarbonylamino, 'aéyloxy, amino, mhidino, alkylamidino,
thioamidiﬁo, aminoacyl; aminocarbonylamino, aminothiocarbonyl_amino,
aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy,
aryloxyaryl, substituted aryloxyaryl, halogen, hydroxyl, cyano, nitro,
carboxyl, carboxylalkyl, carboxylesubstimted alkyl, carbdxyl~cyclda_lkyl,
carboxyl—substituted cycloalkyl, carboxylafyl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic, -
carboxyl-substituted heterocyclic, cycloalkyl, substituted cycloalkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, 'substituted'thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl,

substituted thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, -

heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic,
cycloalkoxy, substituted cycloélkoxy, heteroaryloxy, 'sub_stituted
heteroaryloxy, heterocycly'loxy, substituted_heterocyclyloxy,
oxycarbonylamino, oxythioca‘rbonylamind, -OS(O),—alkyl, -08(0),- :
substituted alkyl, -OS(0),-aryl, -OS(O),-substituted aryl, -0S(0),-heteroaryl,
-0S(0),-substituted heteroaryl, -OS(O),-heterocyclic, -0S(0),-substituted
heterocyclic, -OSO,-NRR where R is hydrogen or alkyl, -NRS(O),-alkyl,
-NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O);’-si:bstituted aryl, -

NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl, -NRS(O)Z—héterocyclii:,

-NRS(O),-substituted heterocyclic, -NRS(O),-NR-alkyl,
-NRS(0),-NR-substituted alkyl, -NRS(O),-NR-aryl,

-NRS(O),-NR-substituted aryl, -NRS(O),-NR-heteroaryl, QNRS(O)Z-NR-
substituted heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, mono- and di-alkylamino, mono-
and di-(substituted alkyl)amino, mono- and di-arylamino, mono- and di- ~
substituted arylamino, mono- and di—heteroarylainino, mono- and di-
substituted heteroarylamino, mono- and di-heterocyclic amino, mono- and di-
substituted heterocyclic amino, unsymmetric di—substituted amines having

different substituents selected from alkyl, substituted alkyl, aryl, substituted
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aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic and substituted alkynyl groups having amino groups blocked by
conventional blocking groups such as Boc, Cbz, formyl, and the like or
alkynyl/substituted alkyny! groups substituted with -SO,-alkyl, -SO,~
substituted alkyl, -SO,-alkenyl, -SO,-substituted alkenyl, -SO,-cycloalkyl,
-S0O,-substituted cycloalkyl, -SO,-aryl, -SO,-substituted aryl, -SO,-heteroaryl,
-SO,-substituted heteroaryl, -SO,-heterocyclic, -SO,-substituted heterocyclic
and -SO,NRR where R is hydrogen or alkyl.

"Amidino" refers to the group H,NC(=NH)- and the term
"alkylamidino" refers to compounds having 1 to 3 alkyl groups (e.g.,

alkylHNC(=NH)-).

"Thioamidino" refers to the group RSC(=NH)- where R is hydrogen
or alkyl.

"Amino" refers to the group -NH,.

"Substituted amino" refers to the group -NRR, where each R group is
independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, -SO,-alkyl,
-SO,-substituted alkyl, -SO,-alkenyl, -SO,-substituted alkenyl, -SO,-
cycloalkyl, -SO,-substituted cycloalkyl, -SO,-aryl, -SO,-substituted aryl,
-SO,-heteroaryl, -SO,-substituted heteroaryl, ~-SO,-heterocyclic, -SO,-
substituted heterocyclic, provided that both R groups are not hydrogen; or the
R groups can be joined together with the nitrogen atom to form a heterocyclic

or substituted beterocyclic ring.
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"Aminoacyl" refers to the groﬁps -NRC(O)alkyl,
-NRC(O)substituted alkyl, -NRC(O)cyclqalkyl,’ -NRC(O)substituted

~ cycloalkyl, -NRC(O)alkenyl, -NRC(O)substituted alkenyl, -NRC(O)alkynyl, -

NRC(O)substituted alkynyl, -NRC(O)aryl, -NRC(O)substituted aryl,
-NRC(O)héteroaryl, -NRC(O)sub'stituted heteroéryl, -NRC(O)heterocyclic,
and -NRC(O)substituted heterocyclic where R is hydrogen or alkyl and
wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, shbstituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic

are as defined herein.

" Aminosulfonyl” refers to the grdups -NRSQ,aikyl,
-NRSO,substituted alkyl, -NRSO,cycloalkyl, -NRSO,substituted cycloalkyl,
-NRSO,alkenyl, -NRSOzsﬁbstimted alkenyl, -NRSOzalkynyl,' '
-NRSO,substituted alkynyl, -NRSO,aryl, -NRSO,substituted aryl,
-NRSO,heteroaryl, -NRSO,substituted heteroaryl, -NRSO,heterocyclic, and
-NRSO,substituted heterocyclic where R is hydrogen or alkyl and wherein
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl,.subs'timted cycloalkyl, aryl, substituted aryl, heteroaryi,
substituted heteioaryl, heterocyclic and substituted heterocyclic are as defined

herein.

" Aminocarbonyloxy" refers to the groups -NRC(0)O-alkyl,
—NRC(O)O-substituted. alkyl, -NRC((_))O—alkenyl, -NRC(0)O-substituted
alkenyl, -NRC(0)O-alkynyl, -NRC(O)O-substituted alkynyl, -NRC(0)O-
cycloalkyl, -NRC(O)O-substituted cycloalkyl, -NRC(O)O-aryl, -NRC(O)O-
substituted aryl, -NRC(O)O-heteroaryl, -NRC(O)O-substituted heteroaryl,
-NRC(0)O-heterocyclic, and -NRC(O)O-substituted heterocyclic where R is
hydrogen or alkyl and wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
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substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic are as defined herein.

* Aminosulfonyloxy" refers to the groups -NRSO,0-alkyl,
-NRSO,O-substituted alkyl, -NRSO,0-alkenyl, -NRSO,0O-substituted alkeny],
-NRSO,0-alkynyl, -NRSO,O-substituted alkynyl, -NRSO,0-cycloalkyl,
-NRSO,0-substituted cycloalkyl, -NRSO,0-aryl, -NRSO,O-substituted aryl,
-NRSO,O-heteroaryl, -NRSO,0-substituted heteroaryl,
-NRSO,0-heterocyclic, and -NRSO,O-substituted heterocyclic where R is
hydrogen or alkyl and wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and

substituted heterocyclic are as defined herein.

"Oxycarbonylamino” refers to the groups -OC(O)NH,, -OC(O)NRR,
-OC(O)NR-alkyl, -OC(O)NR-substituted alkyl, -OC(O)NR-alkenyl,
-OC(O)NR-substituted alkenyl, -OC(O)NR-alkynyl, -OC(O)NR-substituted
atkynyl, -OC(O)NR-cycloalkyl, -OC(O)NR-substituted cycloaikyl,
-OC(O)NR-aryl, -OC(O)NR-substituted aryl, -OC(O)NR-heteroaryl,
-OC(O)NR-substituted heteroaryl,- OC(O)NR-heterocyclic, and
-OC(O)NR-substituted heterocyclic where R is hydrogen, alkyl or where each
R is joined to form, together with the nitrogen atom a heterocyclic or
substituted heterocyclic ring and wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic are as defined herein,

"Oxythiocarbonylamino” refers to the groups -OC(S)NH,,
-OC(S)NRR, -OC(S)NR-alkyl, -OC(S)NR-substituted atkyl, -OC(S)NR-
alkenyl, -OC(S)NR-substituted alkenyl, -OC(S)NR-alkynyl, -OC(S)NR-
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substituted all_cynyl, -OC(S)NR-cycloalkyl, -OC(S)NR—substitute_d cycloalkyl,
-OC(S)NR-aryl, -OC(S)NR-substituted aryl, -OC(S)NR-heteroaryl,
-OC(S)NR-substituted heteroaryl, -OC(S)NR-heterocyclic, and
-OC(S)NR-substituted heterocyclic where R is hydrogen, alkyl or where each
R is joined to form together with the nitrogen atom a heterocyclié or
substituted heterocyclic ring and wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted |
cycloalkyl, aryl, substituted aryl, héteroaryl, substituted heteroaryl,

heterocyclic and substituted heterocyclic are as defined herein.

"Oxysulfonylamino” refers to the groups -OSO,NH,, -OSO,NRR,
-0OSO,NR-alkyl, -OSO,NR-substituted alkyl, -OSO,NR-alkenyl,
-OSO,NR-substituted alkenyl, -OSO,NR-alkynyl, -OSO,NR-substituted
alkynyl, -OSO,NR-cycloalkyl, -OSO,NR-substituted cycloalkyl,
-0SO,NR-aryl, -OSO,NR-substjtuted aryl, -OSO,NR-heteroaryl,

- -OSO,NR-substituted heteroaryl, -OSO,NR-heterocyclic, and

-OSO,NR-substituted heterocyclic where R is hydrogen, alkyl or where each

R is joined to form, together with the nitrogen atom a heterocyclic or

- substituted heterocyclic ring and wherein alkyl, substituted alkyl, alkenyl,

substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, '

heterocyclic and substituted heterocyclic are as defined herein.

" Aminocarbonylamino” refers to the groups -NRC(O)NRR,
-NRC(O)NR-alkyl, -NRC(O)NR-substituted alkyl, -NRC(O)NR-alkenyl,
-NRC(O)NR-substituted alkenyl, -NRC(O)NR-alkynyl,
-NRC(O)NR-substituted alkynyl, -NRC(O)NR-aryl, -NRC(O)NR—substituted
aryl, -NRC(O)NR-cycloalkyl, -NRC(O)NR-substituted cycloalkyl,
-NRC(O)NR-heteroaryl, and -NRC(O)NR-substituted heteroaryl,
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“NRC(O)NR-heterocyclic, and -NRC(O)NR-substituted heterocyclic where
each R is independently hydrogen, alkyl or where each R is joined to form
together with the nitrogen atom 2 heterocyclic or substituted heterocyclic ring
as well as where one of the amino groups is blocked by conventional blocking
groups such as Boc, Cbz, formyl, and the like and wherein alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substipxted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted

heteroaryl, heterocyclic and substituted heterocyclic are as defined herein.

" Aminothiocarbonylamino” refers to the groups -NRC(S)NRR,
-NRC(S)NR-alkyl, -NRC(S)NR-substituted alkyl, -NRC(S)NR-alkenyl,
-NRC(S)NR-substituted alkenyl, -NRC(S)NR-alkynyl, -NRC(S)NR-
substituted alkynyl, -NRC(S)NR-aryl, -NRC(S)NR-substituted aryl,
-NRC(S)NR-cycloalkyl, -NRC(S)NR-substituted cycloalkyl, -NRC(S)NR-
heteroaryl, and -NRC(S)NR-substituted heteroaryl, -NRC(S)NR=heterocyclic,
and -NRC(S)NR-substituted heterocyclic where each R is independently
hydrogen, alkyl or where each R is joined to form together with the nitrogen
atom a heterocyclic or substituted heterocyclic ring as well as where one of
the amino groups is blocked by conventional blocking groups such as Boc,
Cbz, formyl, and the like and wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic are as defined herein.

" Aminosulfonylamino" refers to the groups -NRSO,NRR,
-NRSO,NR-alkyl, -NRSO,NR-substituted alkyl, -NRSO,NR-atkenyl,
-NRSO,NR-substituted alkenyl, -NRSO,NR-alkynyl,
-NRSO,NR-substituted alkynyl, -NRSO,NR-aryt, -NRSO,NR-substituted
aryl, -NRSO,NR-cycloalkyl, -NRSO,NR-substituted cycloalkyl,
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-NRSO;NR-heteroaryl, and -NRSO,NR-substituted heteroaryl,
-NRSO,NR-heterocyclic, and -NRSO,NR-substituted heterocyclic, where
each R is independently hydrogen, alkyl or vw)he‘re each R is joined to form
together with the nitrogen atom a heterocyclic or substituted heterocyclic ring
as well as where one of the amino groups is blocked by conventional blocking
groups such as Boc, Cbz, formyl, and the like and wherein alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cyclbalkyl,
substituted cycldalkyl, aryl, substituted aryl, heteroaryl, substituted

heteroaryl, heterocyclic and substituted heterocyclic are as defined herein.

"Aryl" or "Ar" refers to an unsaturated arornatic carbocyclic group of
from 6 to 14 carbon atoms having a single ring (e.g., phenyl) or multiple
condensed rings (e.g., naphthy! or anthryl) which condensed rings may or
may not be aromatic (e.g., 2—benzoxazolinorie, 2H-1,4-benzoxazin-3(4H)-
one-7yl, and the like). Preferred aryls include phenyl and naphthyl.

Substituted aryl refers to aryl groups which are substituted with from
1 to 3 substituents selected from the group consisting of hydroxy, acyl,
acylamino, thiocarbonylamino, acyloxy, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
amidino, alkylamidino, thioamidino, amino, aminoacyl, aminocarbonyloxy,
aminocarbonylamino, aminothiocarbonylamino, aryl, substituted aryl,
aryloxy, substituted aryioxy, cycloalkoxy, substituted éycloalkoxy,
heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, substitated
heterocyclyloxy, carboxyl, carboxylalkyl, carboxyl-substituted alkyl,
carboxyl-cycloalkyl, carboxyl-substituted cycloalkyl, carboxylaryl, carboxyl-
substituted aryl, carboxylheteroaryl, carboxyl-substituted heteroaryl, |
carboxylheterocyclic, carboxyl-substituted heterocyclic, carboxylamido,
cyano, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted thioaryl,
thioheteroaryl, substituted thioheteroaryl, thiocycloalkyl, substituted
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thiocycloalkyl, thioheterocyclic, substituted thioheterocyclic, cycloalkyl,
substituted cycloalkyl, guanidino, guanidinosuifone, halo, nitro, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, -S(O),-alkyl, -S(O),-substituted alkyl, -S(O),-
cycloalkyl, -S(0),-substituted cycloaikyl, -S(0),-alkenyl, -S{O),-substituted
alkenyl, -S(O),-aryl, -S(0),-substituted aryl, -S(O),-heteroaryl, -S(0O),-
substituted heteroaryl, -S(O),-heterocyclic, -S(O),-substituted heterocyciic, -
0S(0),-alkyl, -OS(0),-substituted alkyl, -OS(O)z—aryI,- -0S(0),-substituted
aryl, -OS(O),-heteroaryl, -OS(O),-substituted heteroaryl, -OS(O),-
heterocyclic, -OS(0),-substituted heterocyclic, -OSO,-NRR where R is
hydrogen or alkyl, -NRS(O),-alkyl, -NRS(O),-substituted alkyl, -NRS(O),-
aryl, -NRS(O),-substituted aryl, -NRS(O),-heteroaryl, -NRS(O),-substituted
heteroaryl, -NRS(O),-heterocyclic, -NRS(O),-substituted heterocyclic,
-NRS(0),-NR-alkyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl,
-NRS(O),-NR-substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-
substituted heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, mono- and di-alkylamino, mono-
and di-(substituted alkyl)amino, mono- and di-arylamino, mono- and di-
substituted arylamino, mono- and di-heteroarylamino, mono- and di-
substituted heteroarylamino, mono- and di-heterocyclic amino, mono- and di-
substituted heterocyclic amino, unsymmetric di-substituted amines having
different substituents selected from alkyl, substituted alkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic and amino groups on the substituted aryl blocked by
conventional blocking groups such as Boc, Cbz, formyl, and the like or

substituted with -SO,NRR where R is hydrogen or alkyl.
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. "Aryloxy" refers to the group aryl-O- which includes; by way of
example, phenoxy, naphthoxy, and the like.

"Substituted aryloxy" refers to substituted aryl-O- groups.
"Aryloxyaryl" refers to the group -aryl-O-aryl.

"Substituted aryloxyaryl" refers to aryloxyaryl groups substithted with
from 1 to 3 substituents on either or both aryl rings selected from the group
consisting of hydroxy, acyl, acylamino, thiocarboﬁylamino, acyloxy, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, 'alkenyl,. substituted alkenyl,
alkynyl, substituted alkynyl, amidino, alkylamidino, thioamidino, amino,
aminoacyl, aminocarbonyloxy, aminocarbonylamino, |
aminothiocarbonylamino, aryl, substituted aryl, aryloxy, substituted aryloxy,
cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyclyloxy, substituted hetéroéyclyloxy, carboXyl, '
carboxylalkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl, carboxyl-
substituted cyéloalkyl, carboxylaryl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic,
carboxyl-substitut_ed heterocyclic, carboxylamido, cyano, thiol, thioalkyl,
substituted thioalkyl, thioaryl, substituted thioaryl, thioheteroaryl, substituted
thioheteroaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheterocyclic, -
substituted thioheterocyclic, cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, halo, nitro, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -S(O)z-alkyl, -S(O)z-substimtéd
alkyl, -S(O),-cycloalkyl, -S(O),-substituted cycloalkyl, -S(O),-alkenyl,
-S(0),-substituted alkenyl, -S(O),-aryl, -S(O),-substituted aryl, -S(0),-
heteroaryl, -S(O),-substituted heteroaryl, -S(O),-heterocyclic, -S(0),-
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substjtuted heterocyclic, -OS(O),-alkyl, -OS(O),-substituted alkyl, -OS(0),-
aryl, -OS(0),-substituted aryl, -OS(O),-heteroaryl, -OS(O),-substituted
heteroaryl, -OS(0),-heterocyclic, -OS(O),-substituted heterocyclic, -OSQO,-
NRR where R is hydrogen or alkyl, -NRS(O),-alkyl, -NRS(O),-substituted
alkyl, -NRS(O),-aryl, -NRS(O),-substituted aryl, -NRS(O),-heteroaryl,
-NRS(O),-substituted heteroaryl, -NRS(O),-heterocyclic, -NRS(O),-
substituted heterocyclic, -NRS(0),-NR-alkyl, -NRS(O),-NR-substituted alkyl,
-NRS(O),-NR-aryl, -NRS(O),-NR-substituted aryl, -NRS(O),-NR-heteroaryl,
-NRS(0),-NR-substituted heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-
NR-substituted heterocyclic where R is hydrogen or alkyl, mono- and di-
alkylamino, mono- and di-(substituted alkyl)amino, mono- and di-arylamino,
mono- and di-substituted arylamino, mono- and di-heteroarylamino, mono-
and di-substituted heteroarylamino, mono- and di-heterocyclic amino, mono-
and di-substituted heterocyclic amino, unsymmetric di-substituted amines
having different substituents selected from alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic and amino groups on the substituted aryl blocked by
conventional biocking groups such as Boc, Cbz, formyl, and the like or
substituted with -SO,NRR where R is hydrogen or alkyl.

"Cycloalkyl” refers to cyclic alkyl groups of from 3 to 8 carbon atoms
having a single cyclic ring including, by way of example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl and the like. Excluded from

this definition are multi-ring alkyl groups such as adamantanyl, etc.

"Cycloalkenyl” refers to cyclic alkenyl groups of from 3 to 8 carbon

atoms having single or multiple unsaturation but which are not aromatic.

"Substituted cycloalkyl” and "substituted cycloalkenyl" refer to a
cycloalkyl and cycloalkenyl groups, preferably of from 3 to 8 carbon atoms,
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having from 1 to 5 substituents selected from the group consisting of 0xo

(=0), thioxo (=S), alkoxy, substituted alkoxy, acyl, acylamino,

thiocarbonylamino, acyloxy, amino, amidino, alkylamid"ino,' thioamidino,

aminoacyl, aminocarbonylaniino, aminothiocarbonylamino,
aminocarbonyloxy, aryl, substituted aryl, éryley; substituted aryloxy,
aryloxyaryl, substituted aryloxyaryl, halogéh, hydroxyl, cyano, nitro,
carboxyl, carboxylalkyi,'carboxyl-'substituted alkyl; carboxyl-cycloalkyl,
carboxyl-substituted cycloalkyl, carboxyléryl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, éarboxylheterocyclic, E
carboxyl-substituted heterocyclic, cycloalkyl, substituted cycloalkyl, |
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl,
substituted thioheteroaryl, thioheterocyclic, substituted thioheterocyclic; '
heteroaryl, substituted heteroaryl, héterbcyclic, sﬁbstituted hetérocyélic,
cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(O),—alkyl, -0S(0),-
substituted alkyl, -OS(0),-aryl, -OS(0),-substituted aryl, -OS(O),-heteroaryl,
-0S(0),-substituted heteroaryl, -OS(0),-heterocyclic, -OS(0),-substituted
heterocyclic, -OSO,-NRR where R is hydrogen or alkyl, |
_NRS(O),-alkyl, -NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-
substituted aryl, -NRS(O),-heteroaryl, -NRS(O)Z—substifuied heteroaryl,
-NRS(O),-heterocyclic, -NRS(O),-substituted heterocyclic,
-NRS(0),-NR-alkyl, -NRS(O),-NR-substituted alkyj, -NRS(O)z—NR-ziryl,
-NRS(0),-NR-substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-
substituted heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, mono- and di-alkylamino, mono-
and di-(substituted alkyl)amino, mono- and di-arylamino, mono- and di-
substituted arylamino, mono- and di-heteroarylamino, mono- and di- .

substituted heteroarylamino, mono- and di-heterocyclic amino, mono- and di-
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substituted heterocyclic amino, unsymmetric di-substituted amines having
different substitents selected from alkyl, substituted alkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic and substituted alkynyl groups having amino groups blocked by
conventional blocking groups such as Boc, Cbz, formy!, and the like or
alkynyl/substituted alkynyl groups substituted with -SO,-alkyl, -SO,-
substituted alkyl, -SO,-alkenyl, -SO,-substituted alkenyl, -SO,-cycloalkyl,
-SO,-substituted cycloalkyl, -SO,-aryl, -SO,-substituted aryl, -SO,-heteroaryl,
-SO,-substituted heteroaryl, -SO,-heterocyclic, -SO,-substituted heterocyclic
and -SO,NRR where R is hydrogen or alkyl.

*Cycloalkoxy" refers to -O-cycloalkyl groups.
"Substituted cycloalkoxy” refers to -O-substituted cycloalkyl groups.
“Cycloalkenoxy” refers to -O-cycloalkenyl groups.

“Substituted cycloalkenoxy” refers to -O-substituted cycloalkenyl

groups.

"Guanidino” refers to the groups -NRC(=NR)NRR,
-NRC(=NR)NR-alkyl, -NRC(=NR)NR-substituted alkyl, -NRC(=NR)NR-
atkenyl, -NRC(=NR)NR-substituted alkenyl, -NRC(=NR)NR-alkynyl,
-NRC(=NR)NR-substituted alkynyl, -NRC(=NR)NR-aryt,
-NRC(=NR)NR-substituted aryl, -NRC(=NR)NR-cycloaikyl,
-NRC(=NR)NR-heteroaryl, -NRC(=NR)NR-substituted heteroaryl,
-NRC(=NR)NR-heterocyclic, and -NRC(=NR)NR-substituted heterocyclic
where each R is independently hydrogen and alkyl as well as where one of
the amino groups is blocked by conventional blocking groups such as Boc,
Cbz, formyl, and the like and wherein alkyl, substituted alkyl, alkenyl,
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substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted

. cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

heterocyclic and substituted heterocyclic are as defined herein.

"Guanidinosulfone” refers to the groups -NRC(—-NR)NRSOz-alkyl
-NRC( NR)NRSOz-substltuted alkyl, -NRC(=NR)NRSO,-alkenyl,
-NRC(=NR)NRSO,-subst1tuted. alkenyl, -NRC( =NR)NRSOz-aIkynyl, '
-NRC(=NR)NRSO,-substituted alkynyl, -NRC(=NR)NRSO,-aryl,
-NRC(=NR)NRSO,-substituted aryl, -NRC(=NR)NRSO,-cycloalkyl,
-NRC(=NR)NRSO,-substituted cycloalkyl, -NRC(=NR)NRSO,-heteroaryl,
and -NRC(=NR)NRSO,-substituted heteroaryl, -NRC(=NR)NRSO,- |
heterocyclic, and -NRC(#—-NR)NRSOZ-substimted heterocyclic where each R
is independently hydrogen and alkyl and wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic are as defined herein.

"Halo” or "halogen” refers to fluoro, chloro, bromo and iodo and

preferably is either chloro or bromo. -

“Heteroaryl" refers to an aromatic carbocyclic group of from 2 to 10
carbon atoms and 1 to 4 heteroatoms selected from oxygen, nitrogen and
sulfur within the ring or oxides thereof. ‘Such heteroaryl groups-'can have a
single ring (e.g., pyridyl or furyl) or multiple condensed rings (e.g.,
indolizinyl or beénzothienyl). Additionally, the heteroatoms of the heteroaryl
group may be oxidized, i.e.; to form pyridine N-oxides or 1,1-dioxo-1,2,5-
thiadiazoles and the like. Preferred heteroaryls include pyridyl, pyrrolyl,
indolyl, furyl, pyridazinyl, pyrimidinyl, pyrazinyl, 1-oxo-1,2,5-thiadiazolyl
and 1,1-dioxo-1,2,5-thiadiazolyl. The term "heteroaryl having two nitrogen
atoms in the heteroaryl ring" refers to a heteroaryl group having two, and |
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only two, nitrogen atoms in the heteroaryl ring and optionally containing 1 or
2 other heteroatoms in the heteroaryl ring, such as oxygen or sulfur

"Substituted het'eroaryl" refers to heteroaryl groups which are
substituted with from 1 to 3 substituents selected from the group consisting of
hydroxy, acyl, acylamino, thiocarbonylamino, acyloxy, alkyl, substituted
alkyl, alkoxy, substituted alkoxy, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, amidino, alkylamidino, thioamidino, amino, aminoacyl,
aminocarbonyloxy, aminocarbonylamino, aminothiocarbonylamino, aryl,
substituted aryl, aryloxy, substituted aryloxy, cycloalkoxy, substituted
cycloalkoxy, heteréaryloxy, substituted heteroaryloxy, heterocyclyloxy,
substituted heterocyclyloxy, carboxyl, carboxylalkyl, carboxyl-substituted
alkyl, carboxyl-cycloalkyl, carboxyl-substituted cycloalkyl, carboxylaryl,
carboxyl-substituted aryl, carboxylheteroaryl, carboxyl-substituted

. heteroaryl, carboxylheterocyclic, carboxyl-substituted heterocyclic,

carboxylamido, cyano, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thicaryl, thioheteroaryl, substituted thioheteroaryl, thiocycloalky!l,
substituted thiocycloalkyl, thioheterocyclic, substituted thioheterocyclic,
cycloalkyl, substituted cycloalkyl, guanidino, guanidinosulfone, halo, nitro,
heteroaryl, substimted heteroaryl, heterocyclic, substituted heterocyclic,
cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -S(0),-alkyl,

-5(0),-substituted alkyl, -S(0),-cycloalkyl, -S(0),-substituted cycloalkyl,
-5(0),-alkenyl, -S(0),-substituted alkenyl, -S(O),-aryl, -S(O),-substituted
aryl, -S(0),-heteroaryl, -S(O),-substituted heteroaryl, -S(0),-heterocyclic,
-S(0),-substituted heterocyclic, ~-OS(0),-alkyl, -OS(0O),-substituted alkyl,
-05(0),-ary!, -OS(0),-substituted aryl, -OS(O),-heteroaryl, ~-OS(0),-
substituted heteroaryl, -OS(0),-heterocyclic, -OS(0),-substituted
heterocyclic, -OSO,-NRR where R is hydrogen or alkyl, -NRS(O),-alkyl,
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-NRS(O),-substituted alkyl, -NRS(0),-aryl, -NRS(O),-substituted aryi,
-NRS(0O),-heteroaryl, -NRS(O),-substituted heteroaryl, -NRS(O),-
heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O),-NR-alkyl, _
-NRS(0),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(0),-NR-substituted
aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted heteroaryl, _
-NRS(0O),-NR-heterocyclic, 5NRS(0)1-NR-substituted heterocyclic where R is
hydrogen or alkyl, mono- and di-alkylamino, mono- and di-(substituted
alkyDamino, mono- and di-arylamino, mono- and di-substituted arylamino,
mono- and di-heteroarylamino, mono- and di-substituted heteroarylamino,
mono- and di-heterocyclic amino, mono- and di-substituted heterocyclic
amino, unSynnfnetric di-substituted amines having different substituents
selected from alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted heterocyclic and amino
groups on the substituted aryl blocked by conventional blocking groups such
as Boc, Cbz, formyl, and the like or substituted with -SO,NRR where R is
hydrogen or alkyl. '

"Heteréaryloxy " refers to the group -O-heteroaryl and "substituted
heteroaryloxy" refers to the group -O-substituted heteroaryl.

"Heterocycle" or "heterocyclic” refers to a saturated or unsaturated
group having a single ring or multiple condensed rings, from 1 to 10 carbon
atoms and from 1 to 4 hetero atoms selected from nitrdgen, sulfur or oxygén
within the ring wherein, in fused ring systems, one or more of the rings can

be aryl or heteroaryl.

"Substituted heterocyclic” refers to heterocycle groups which are
substituted with from 1 to 3 substituents selected from the group consistilig
of oxo (=0), thioxo (=S), alkoxy, substituted alkoxy, acyl, acylamino,

thiocarbonylamino, acyloxy, amino, amidino, alkylamidino, thioamnidino,
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aminoacyl, aminocarbonylamino, aminothiocarbonylamino,
aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy,
aryloxyaryl, substituted aryloxyaryl, halogen, hydroxyl, cyano, nitro,
carboxyl, carboxylalkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl,
carboxyl-substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic,
carboxyl-substituted heterocyclic, cycloalkyl, substituted cycloalkyl,
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl,
substituted thioheteroaryl, thioheterocyclic, substituted thioheterocyclic,
heteroaryl, substituted heteroaryl, hctérocyclic, substituted heterocyclic,
cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyclyloxy, éubstituted heterocyclyloxy,
oxycarbonylamino, oxythiocarbonylamino, -OS(0),-alkyl, -OS(O),-
substituted alkyl, -OS(0),-aryl, -OS(O),-substituted aryl, -OS(O),-heteroaryl,
-08(0),-substituted heteroaryl, -OS(0),-heterocyclic, -OS(O),-substituted
heterocyclic, -OSO,-NRR where R is hydrogen or alkyl,

-NRS(O)Z-alkYI, -NRS(0),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-
substituted aryl, -NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(O),-heterocyclic, -NRS(O),-substituted heterocyclic,
-NRS(0),-NR-aikyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl,
-NRS(0),-NR-substituted aryl, -NRS(0),-NR-heteroaryl, -NRS(0),-NR-
substituted heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted
heterocyclic where R is hydrogen or alkyl, mono- and di-alkylamino, mono-
and di-(substituted alkyl)amino, mono- and di-arylamino, mono- and di-
substituted arylamino, mono- and di-heteroarylamino, mono- and di-
substituted heteroarylamino, mono- and di-heterocyclic amino, mono- and di-
substituted heterocyclic amino, unsymmetric di-substiuted amines having
different substituents selected from alkyl, substituted alkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
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heterocyclic and substituted alkynyl groups having amino groups blocked by
conventional blocking grdu’ps such as Boc, Cbz, formyl, and the like or
alkynyl/substituted alkynyl groups substituted with -SO,-alkyl, -SO,-
substituted alkyl, .-SOZ-al'kenyl, -SO,-substituted alkenyl, -SO,-cycloalkyl, - - -
-SO,-substituted cycloatkyl, -SO,-aryl, -SO,-substituted aryl, -SO,-heteroaryl,
-SO,-substituted heteroaryl, -SO,-heterocyclic, -SO,-substituted hetérocyclic
and -SO,NRR where R is hydr_ogeri'or alkyl. | |

Examples of heterocycles and heteroaryls include, but are not limited
to, azetidine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine,
pyridazine, indolizine, isoindole, indole,. dihydroindole, indazole, purine,
quinolizine, isoquinoline, quinoline, phthalazine, naphthylpyridine, |
quinoxaline, quinazoline, cinnoline, pteridine, carbazole, cérboline,
phenanthridine, acridine, pﬁenénthroline, isothiazole, phenazine, isoxazole,
phenoxazine, phenothiazine, imidazolidine, imidazoline, piperidine, - -
piperazine, indoline, phthalimide, 1,2,3,4-tetrahydroisoquinoline, 4,5,6,7-
tetrahydrobenzo[b]thiophene; thiazole,' thiazolidine, thiophene,
benzo[b]thiophene. morpholino, thiomorpholino, piperidinyl, pyrrolidine,

tetrahydrofuranyl, and-the like.

"Heterocyclyloxy" refers to the group -O-heterocyclic and

"substituted heterocyclyloxy" refers to the group -O-substituted heterocyclic.
"Thiol" refers to the group -SH.
"Thioalkyl" refers to the groﬁps ~S-alkyl
"Substituted thioalkyl" refers to the group -S-substituted alkyl.

"Thiocycloalkyl” refers to the groups -S-cycloalkyl.
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_ "Substituted thiocycloalkyl” refers to the group -S-substituted
cycloalkyl.

"Thioaryl" refers to the group -S-aryl and "substituted thicaryl" refers
to the group -S-substituted aryl.

"Thioheteroaryl” refers to the group -S-heteroaryl and "substituted
thioheteroaryl" refers to the group -S-substituted heteroaryl.

"Thioheterocyclic” refers to the group -S-heterocyclic and "substituted
thioheterocyclic” refers to the group -S-substituted heterocyclic.

"Pharmaceutically acceptabie salt” refers to pharmaceutically
acceptable saits of a compound of Formula I which salts are derived from a
variety of organic and inorganic counter ions well known in the art-and
include, by way of example only, sodium, potassium, calcium, magnesium,
ammonium, tetraalkylammonium, and the like; and when the molecule
contains 2 basic functionality, salts of organic or inorganic acids, such as
hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxalate

and the like.

Compound Preparation

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 ratios of reactants,
solvents, pressures, etc.) are given, other process conditions can also be used
unless otherwise stated. Optimum reaction conditions may vary with the
particular reactants or solvent used, but such conditions can be determined by

one skilled in the art by routine optimization procedures.
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Additionally, as will be apparent to those skilled in the art,
conventional protecting groups may be necessary to prevent certain functional
groups from undergoing undesired reactions. Suitable protecting groups for

various functional éroups as well as suitable conditions for protecting and

| deprotecting particular functional groups are well known in the art. For

example, numerous protecting groups are described in T. W. Greene and G.
M. Wuts, Protebting Groups in Organic Synthesis, Second Edition, Wiley,

Néw York, 1991, and references cited therein.

Furthermore, the compounds of this invention will typically contain
one or more chiral centers. Accordingly, if desired, such compounds can be
prepared or isolated as pure stereoisomers, i.e., as individual enantiomers or
diastereomers, or as stereoisomer-enriched mixtures. Ali such stereoisomers
(and enriched mixtures) are included within the scope of this invention,
unless otherwise indicated. Pure stereoisomers (or enriched mixtures) may
be prepared using, for example, optically active stairting materials or
stereoselective reagents well-known in the art. Alternatively, racemic
mixtures of sﬁch compounds can be separated using, for example, chiral

column chromatography, chiral resolving agents and the like.

In a preferred method of synthesis, the compounds of this invention

are prepared by coupling an amino acid derivative of the formula:

where R® and R* are as defined herein and P! is a carboxylic acid protecting

group (such as an alkyl group, i.e. methyl, ethyl and the like), with a suitably
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functionalized heteroaryl or heterocyclic intermediate. For example, such
coupling reactions may be performed by displacing a leaving group, such as
chloro, bromo, iodo, tosyl and the like, from the heteroaryl or heterocyclic
intermediate with the amino group of the amino acid derivative; or by

5 reductive alkylation of the amino group of amino acid derivative with a
carbonyl-functionalized intermediate. Such coupling reactions are well-

known to those skilled in the art.

By way of illustration, the synthesis of a representative compound of

10 formula I is shown in Scheme 1.
Scheme 1
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_ As shown in Scheme 1, S-nitrouracil, 1, (commercially available from
Aldrich Chemical Compahy, Milwaukee, Wisconsin USA) is treated with
phosphoms 6xychloride and N, N-dimethylaniline accoi‘ding to the procedure
described in Whittaker, J. Chem. Soc. 1951, 1565 to give '1,3-di'chldto—4~' '

nitropyrimidine, 2.

1,3-Dichloro-4-nitropyrimidine, 2, is then reacted with about one
molar equivalent of an amino acid derivative of the formula:
H,N-CH(R®)C(O)X where R® and X are as defined herein or X is -OP* where

P! is a carboxylic acid protecting group, in the presence of a trialkylamine,

such as diisopropylethylamine (DIEA). Typically, this reaction is conducted
in an inert diluent, such as dichloromethane, at a temperature ranging from

about 0°C to about 10°C for about 5 min. to about 6 hours to afford

intermediate 3. g L

The nitro group of intermediate 3 is then reduced using a conventional
reducing agenf, such as hydrogen and a palladium on carbon catalyst. When
hydrogen and palladiﬁm on carbon are employed as the reducing agent, the
chloro group of intermediate 3 is also removed. This reaction is typically
conducted by contacﬁng 3 with a Degussa-type palladium on carbon catalyst
(typically 20%) and excess sodium bicarbonate in an inert diluent, such as’
methanol, under hydrogen (typically about 55 psi) for about 12 to 36 hours at
ambient temperature to afford amino intermediate 4. o

Amino intermediate 4 is then reacted with a sulfony] chloride of the
formula: R3-S(0),-Cl, where R is as defined herein, to provide sulfonamide
intermediate 5. This reaction is typically conducted by reacting the amino
intermediate 4 with at least one equivalent, preferably about 1.1 to about 2

equivalents, of the sulfonyl chloride in an inert diluent such as
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dichloromethane and the like. Generally, the reaction is conducted at a
temperature ranging from about -:70°C fo about 40°C for about 1 to about 24
hours. Preferably, this reaction is conducted in the presence of a suitable
base to scavenge the acid generated during the reaction. Suitable bases
include, by way of example, tertiary amines, such as triethylamine,
diisopropylethylamine, N-methyimorpholine and the like. Alternatively, the
reaction can be conducted under Schotten-Baumann-type conditions using
aqueous alkali, such as sodium hydroxide and the like, as the base. Upon
completion of the reaction, the resulting sulfonamide 5 is recovered by
conventional methods including neutralization, extraction, precipitation,

chromatography, ﬁlfration, and the like.

Other heteroary] intermediates may also be employed in the above
described reactions including, but not limited to, 2-chloro-3-nitropyrazine (J.
Med. Chem. 1984, 27: 1634); 4-chloro-5-nitroimidazole (J. Chem. Soc.
1930, 268); and the like.

The amino acid derivatives employed in the above reactions are either
known compounds or compounds that can be prepared from known
compounds by conventional synthetic procedures, For example, amino acid
derivatives can be prepared by C-alkylating commercially available diethyl 2-
acetamidomalonate (Aldrich, Milwaukee, Wisconsin, USA) with an alkyl or
substituted alkyl halide. This reaction is typically conducted by treating the
diethyl 2-acetamidomalonate with at least one equivalent of sodium ethoxide
and at least one equivalent of an alkyl or substituted alky! halide in refluxing
ethanol for about 6 to about 12 hours. The resulting C-alkylated malonate is
then deacetylated, hydrolyzed and decarboxylated by heating in aqueous
hydrochloric acid at reflux for about 6 to about 12 hours to provide the amino
acid, typically as the hydrochloride salt.

PCT/US00/01686
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. Examples of amino acid derivatives suitable for use in the above
reactions include, but are not limited to, L-alanine methy! ester, L-isoleucine
methy! ester, L-leucine methyl ester, L-valine methyl ester, B-tert-butyl-L-
aspartic acid methy! ester, L-asparagine rerr-butyl ester, e-Boc-L-lysine
methy]l ester, e-Cbz—L-l)."sine methyl ester, y-fert-butyl-L-glutamic acid
methy! ester, L-glutamine rerr-butyl ester, L-(N-methyDhistidine methyl
ester, L-(N-benz&l)hisﬁdine methy] ester, L-methionine methyl ester, L-(O-
benzyl)serine methyl ester, L-tryptophan methyl. esfer; L—phenylalanihe
methyl ester, L-phenylalanine isopropyl ester, L-phehylalanine benzyl ester,
L-phenylalaninamide, N-methyl-L-phenylalanine benzyl ester, 3-carboxy-
D,Lrphenylalanine methy! ester, 4-cartboxy-D,L-phenylalanine methyl ester,
L-4-chlorophenylalanine methyl ester, L—4-(3-diniethylaminopropyloxy)—
phenylalanine methy! ester, L-4-iodophenylalanine methy] ester, L-3,4-
methylen'edioxyphenyiélanine inethyl ester, L-3,4-ethylenedioxyphenylalanine
methy] ester, L-4-nitrophenylalanine methyl ester, L-tyrosine methyl ester,
D,L-homophenylalanine methyl ester, L-(O-methyl)tyrosine methyl ester, L-
(O-tert-butyl)tyrosine methyl ester, L-(O-benzyl)tyrosine methyl ester, L-3,5-
diiodotyrosine. methyl ester, L-3-iodotyrosine methy! ester, B-(1-naphthyl)-L-
alanine methy! ester, B-(2-naphthyl)-L-alanine methyl ester, B-(2-thienyl)-L-
alanine methyl ester, B-cyclohexyl-L-alanine methyl ester, B-(2-pyridyl)-L-
alanine methyl ester, B-(3-pyridyl)-L-alanine methyl ester, B-(4-pyridyl)-L-
alanine methyl ester, B-(2-thiazolyl)-D,L-alanine methyl ester, p-(1,2,4-
triazbl-3-yl)-D,L--alahine methyl ester, and the like. If desired, of course, -
other esters or amides of the above-described compounds may also be

employed.

Additionally, «-hydroxy and e-thio carboxylic acids may also be
employed in the above-desc;ibed reactions. Such compounds are well-known

in the art and are either commercially available or may be prepared from
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commercially available starting materials using conventional reagents and

reaction conditions.

The sulfonyl chlorides employed in the above reaction are also either
known compounds or compounds that can be prepared from known
compounds by conventional synthetic procedures. Such compounds are
typically prepared from the corresponding sulfonic acid, i.e., from
compounds of the formula R>-SO,H where R’ is as defined above, using
phosphorous trichloride and phosphorous pentachloride. This reaction is
generally conducted by contacting the sulfonic acid with about 2 to 5 molar
equivalents of phosphorous trichloride and phosphorous pentachloride, either
neat or in an inert solvent, such as dichloromethane, at temperature in the
range of about 0°C to about 80°C for about 1 to about 48 hours to afford the
sulfonyl chioride. 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 herein, by treating the thiol with chlorine (CL) and

water under conventional reaction conditions.

Examples of sulfony! chlorides suitable for use in this invention
include, but are not limited to, methanesulfonyl chloride, 2-propanesuifonyl
chloride, 1-butanesuifonyl chloride, benzenesulfonyl chloride, 1-
naphthalenesulfonyl chloride, 2-naphthalenesulfonyl! chloride, p-
toluenesuifonyl chloride, a-toluenesulfonyl chloride, 4-
acetamidobenzenesulfonyl chloride, 4-amidinobenzenesulfonyl chloride, 4-
tert-butylbenzenesuifonyl chloride, 4-bromobenzenesulfonyl chloride, 2-
carboxybenzenesulfonyl chloride, 4-cyanobenzenesulfonyl chloride, 3,4-
dichlorobenzenesulfony! chloride, 3,5-dichlorobenzenesulfonyl chloride, 3,4-
dimethoxybenzenesulfonyl chloride, 3,5-ditrifluoromethylbenzenesulfonyl
chioride, 4-fluorobenzenesulfonyl chloride, 4-methoxybenzenesulfonyl
chioride, 2-methoxycarbonylbenzenesulfony! chloride, 4-
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methylamidobenzenesulfonyl chloride, 4-nitrobenzenesulfonyl chloride, 4-
thicamidobenzenesulfonyl chloride, 4-trifluoromethylbenzenesuifonyl -

chloride, 44tri_ﬂuoromethoxybenzenesul-fonyl chloride, 2,4,6-

trimethylbenzenesulfonyl chloride, 2-phenylethanesulfonyl chloride, 2-

thiophenesulfonyl chloride, S-chloro-2-thiophenesulfonyl chloride, 2,5—'
dichloro—4-thiophenesu_lfonyl chioride, 2-thiazolesulfonyl chloride, 2-methyl-
4-thiaiolesulfonyl chloride, 1-methyl-4-imidazolesulfonyl chloride, l-xﬁetliyl-
4-pyrazolesulfonyl chloridé,- 5-chloro-1,3-dimethyl-4-pyrazolesulfonyl B
chloride, 3-pyridinesulfonyl chloride, 2-pyrimidinesuifonyl chloride and tﬁe '_
like. If desired, a sulfonyl fluoride, sulfonyl bromide or sulfonic acid
anhydridé may be used in place of the sulfonyl chloride in the above reaction

to form the sulfonamide intermediate 5.

If desired, sulfonamide intermediate 5 can be alkylated at the
srjlfonamide nitrogen atom to provide compound 6. For example, 5 can be
contacted with excess diazomethane (generated, for example, using 1-methyl-
3-nitro-1-nitrosoguanidine and sodium hydroxide) to afford 6 where Réis =~
methyl. Other convenfional alkylation procedures and reagents may also be

employed to prepare various compounds of this invention.

In another preferred embodiment, compounds of this invention may be

prepared by displacement of a leaving group as shown in Scheme 2: .

Scheme 2

3

B .' R
QH + UJ\IKX — Q’- | X
7 g ° R |
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where R?, Q and X are as defined herein; A’ is heteroaryl, substituted
heteroaryl, heterocyclic or substituted heterocyclic containing two nitrogen
atoms in the heteroary! or heterocyclic ring; and L' is a leaving group, such

as chloro, bromo, iodo, sulfonate ester and the like.

Typically, this reaction is conducted by combining approximately
stoichiometric equivalents of 7 and'8 in a suitable inert diluent such as water,
dimethylsulfoxide (DMSO) and the like, with an excess of a suitabie base
such as sodium bicarbonate, sodium hydroxide, etc. to scavenge the acid

10 generated by the reaction. The reaction is preferably conducted at from about
25°C to about 100°C until reaction completion which typically occurs within
1 to about 24 hours. This reaction is further described in U.S. Patent No.
3,598,859, which is incorporated herein by reference in its entirety. Upon
reaction completion, the product 9 is recovered by conventional methods

15 including precipitation, chromatography, filtration and the like. .

In still another alternative embodiment, compounds of this invention
in which Q is NR* can be prepared by reductive amination of a suitable 2-
oxocarboxylic acid ester, 10, such as a pyruvate ester, as shown in Scheme 3:
20
Scheme 3

R 3

R
X___> E‘ X
120

O
10

NH2 + 0
1

where A’, R® and X are as defined herein.
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Generally, this reaction is conducted by cbmbining equamolar

~ amounts of 10 and 11 in an inert diluent such as methanol, ethanol and the

| like under conditions which provide for imine formation (not shown). The

imine formed is then reduced under conventional 'c0nditio_ns by a suitable
reducing agent such as sodium cyanoborohydride, Hzlpalladium on carbon
and the like to form the product 12. In a particularly brcfei‘red'embodiment,
the reducing agent is Hy/palladium on carbon which is incorporated into the
initial reaction medium thereby pén'nitting imine reduction in sitx in a one pot
procedure to provide 12.” The reaction is preferably conducted at from about
20°C to about 80°C at a pressure o_f from 1 to 10 atmospheres until feaction
completion which_ typically occurs within 1 to about 24 hours. Upon reaction
completion, the product 12 is recovered by conventional methods including

chromatography, filtration and the like. .

Alternatively, certain compounds of this invention can be prepared via

a rhodium-catalyzed insertion reaction as shown in Scheme 4:

Scheme 4

3

: ' R3 . R
X X
Oa N/l\”/ — @y
. o ' o
13 14 15

where A” is heteroaryl or substituted heteroaryl containing two nitrogen
atoms in the heteroaryl ring, and R® and X (preferably alkoxy) are as defined
herein. Typically, this reaction is conducted using rhodium acetaté'dimer,
Rh,(OAc),, in an .inert diluent such as toluene at a temperature ranging from

about 25°C to about 80°C for about 1 to 12 hours to afford 15. This
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reaction is described further in B. R. Henke et. al., J. Med. Chem. 1998, 41,
5020-5036 and references cited therein.

Similarly, certain compounds of this invention can be prepared by the

copper-catalyzed coupling reaction shown in Scheme 5:

Scheme 5
R3 R3
X X
0 (o)
16 17 15

where A” is as defined berein, X? is halogen, such as chloro, bromo or iodo
(preferably iodo), and R? and X (preferably alkoxy) are as defined herein.
Typically, this reaction is conducted using copper iodide (Cul) and potassium
carbonate in an inert diluent such as N,N-dimethyl acetamide (DMA) at a
temperature rzinging from about 60°C to about 120°C for about 12 to 36
hours to afford 15. This reaction is described further in D. Ma et. al., J.
Am. Chem. Soc. 1998, 120, 12459-12467 and references cited therein.

For ease of synthesis, the compounds of this invention are typically
prepared as an ester, i.e., where X is an alkoxy or substituted alkoxy grou;;
and the like. If desired, the ester group can be hydrolysed using conventional
conditions and reagents to provide the corresponding carboxylic acid.
Typically, this reaction is conducted by treating the ester with at least one
equivalent of an alkali metal hydroxide, such as lithium, sodium or potassium
hydroxide, in an inert diluent, such as methanol or mixtures of methanol and
water, at a temperature ranging about 0°C to about 24°C for about 1 to about
12 hours. Alternatively, benzyl esters may be removed by hydrogenolysis
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using a palladium catalyst, such as palladium on carbon, and ferr-butyl esters
‘can be removed using formic acid to afford the corresponding carboxylic

acid.

5 As will be apparent to those skilled in the art, other functional groups
present on any of the substituents of the compounds of formulas I-VII can be
readily modified or derivatized either before or after the above-described”
synthétic reactions using well-known synthetic procedures. For example, a
nitro group present on a substituent of a2 compound of formula I-VII or an

10 intermediate thereof may be readily reduced by hydrogenation in the presénce
of a palladium catalyst, such as palladium on carbon, to provide the
corresponding amino group. This reaction is typically conducted at a
temperature of from about 20°C to about 50°C for about 6 to about 24 hours
in an inert diluent, such as methanol.- Compounds having a nitro group on

15 . the R® and/or R¥ substituent can be prepared, for example, by using a 4« -
nitropheﬁylalanine derivative and the like in the above-described coupiing '

reactions.

Similarly, a pyridyl group can be hydrogenated in the presence of a
20 platinum catalyst, such as platinum oxide, in an acidic diluent to provide the
corresponding piperidinyl analogue. Generally, this reaction is conducted by
treating the pyridine compound with hydrogen at é pressure ranging from
about 20 psi to about 60 psi, preferably abqut 40 psi, in the presence of the
catalyst at a temperature of about 20°C to about 50°C for about 2 to about 24
25 hours in an acidic diluent, such as a mixmre of methanol and aqueous

hydrochloric acid.

Additionally, when the R® and/or R* substituent of a compound of
formula I-VII or an intermediate thereof contains a primary or secondary

30 amino group, such amino groups can be further derivatized either before or
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after the above coupling reactions to provide, By way of example, amides,
sulfonamides, ureas, thioureas, carbamates, secondary or tertiary amines and
the like. Compounds having a primary amino group on the R? and/or R*
substituent may be prepared, for example, by reduction of the corresponding

nitro compound as described above.

By way of illustration, a compound of formula I-VII or an
intermediate thereof having a substituent containing a primary or secondary
amino group, such as where R® is a (4-aminophenyl)methyl group, can be
readily N-acylated using conventional acylating reagents and conditions to
provide the corresponding amide. This acylation reaction is typically
conducted by treating the amino compound with at least one equivalent,
preferably about 1.1 to about 1.2 equivalents, of a carboxylic acid in the
presence of a coupling reagent such as a carbodiimide, BOP reagent
(benzotriazol-1-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphonate) and the like, in an inert diluent, such as
dichloromethane, chloroform, acetonitriie, tetrahydrofuran, N¥,N-
dimethylformamide and the like, at a temperature ranging from about 0°C to
about 37°C for about 4 to about 24 hours. Preferably, a promoter, such as
N-hydroxysuccinimide, 1-hydroxy-benzotriazole and the like, is used to
facilitate the acylation reaction. Examples of carboxylic acids suitable for use
in this reaction include, but are not limited to, N-tert-
butyloxycarbonylglycine, N-tert-butyloxycarbonyl-L-phenylalanine, N-tert-
butyloxycarbonyl-L-aspartic acid benzy! ester, benzoic acid, N-tert-
butyloxycarbonylisonipecotic acid, N-methylisonipecotic acid, N-tert-
butyloxycarbonyipecotic acid, N-tert-butyloxycarbonyl-L- '
tetrahydroisoquinoline-3-carboxylic acid, N-(toluene-4-sulfonyl)-L-proline
and the like.
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Alternatively, a corxipound of formula I-VII or an intermediate thereof
containing a primary or Secondary amino group can be N-acylated using an

acyl halide'or a carboxylic acid anhydridé to form the COrreSponding amide.

This reaction is typically conducted by contacting the amino compound with

at least one equivalent, preferably about 1.1 to about 1.2 equivalents, of the
acyl halide or c_arbéxylic acid anhydride in an inert diluent, such as
dichloromethane, at a temperature ranging from about -70°C to about 40°C
for about 1 to about 24 hours. If desired, an acylation catalyst such as 4-
(N,N-dimethylamino)pyridine may be used to promote the acylation reaction.
The acylation reaction is preferably conducted in the presence of a suitable
base to scavenge the acid generated during the reaciion. Suitable bases
includ'e; by way of example, tertiary amines, such as triethylamine,
diisopropylethylamine, N—methylmorbholine and the like. Alternativély, the

reaction can be conducted under Schotten-Baumann-type conditions using

- aqueous alkali, such as sodium hydroxide and the'like. : . _ t

Examples of acyl halides and carboxylic acid anhydrides suitable for
use in this reaction include, but are not limited to, 2-methylpropionyl
chloride, trimethylacetyl chloride, phenylacetyl chldride; benzoyl chloride, 2-
bromobenzoy] chioride, 2-methylbenzoy1 chloride, 2-trifluoro-methylbenzoyl
chloride, isonicotinoyl chloride, nicotinoyl chloride, picolinoyl chioride,
acetic anhydride, succinic anhydride, and the like. Carbamyl chlorides, such
as N,N-dimethylcarbamyl chloride, N,N-diethylcarbamyl chloride and the
like, can also be used in this reaction to provide ureas. Similarly,
dicarbonates, such as di-fert-butyl dicarbonate, may be empldyed to provide
carbamates. '

In a similar manner, a compound of formula I-VII or an intermediate
thereof containing a primary or secondary amino group may be N-sulfonated

to form a sulfonamide using a sulfonyl halide or a sulfonic acid anhydride.

PCT/US00/01686
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Sulfony! halides and sulfonic acid anhydrides suitable for use in this reaction
include, but are not limited to, methanesulfonyl chioride,
chloromethanesulfonyl chloride, p-toluenesuifony! chloride,
trifluoromethanesulfonic anhydride, and the like. Similarly, sulfamoyl
chlorides, such as dimethylsulfamoy! chloride, can be used to provide

sulfamides (e.g., > N-SO,-N<).

Additionally, a primary and sécondary amino group present on a
substituent of a2 compound of formula I-VII or an intermediate thereof can be
reacted with an isocyanate or a thioisocyanate to give a urea or thiourea,
respectively. This reaction is typically conducted by contacting the amino
compound with at least one equivalent, preferably about 1.1 to about 1.2
equivalents, of the isocyanate or thioisocyanate in an inert diluent, such as
toluepe and the like, at a temperature ranging from about 24°C to about 37°C
for about 12 to about 24 hours. The isocyanates and thioisocyanates used in
this reaction are commercially available or can be prepared from
commercially available compounds using well-known synthetic procedures.
For example, .isocyanatcs and thioisocyanates are readily prepared by reacting
the appropriate amine with phosgene or thiophosgene. Examples of
isocyanates and thioisocyanates suitable for use in this reaction include, but
are not limited to, ethyl isocyanate, #-propyl isocyanate, 4-cyanophenyl
isocyanate, 3-methoxyphenyl isocyanate, 2-phenylethyl isocyanate, methyl
thioisocyanate, ethyl thioisocyanate, 2-phenylethyl thioisocyanate, 3-
phenylpropyl thioisocyanate, 3-(¥,N-diethylamino)propy! thioisocyanate,
phenyl thioisocyanate, benzyl thioisocyanate, 3-pyridyl thioisocyanate,

fluorescein isothiocyanate (isomer I) and the like.

Furthermore, when a compound of formula I-VII or an intermediate
thereof contains a primary or secondary amino group, the amino group can
be reductively alkylated using aldehydes or ketones to form a secondary or
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tertiary amino group. This reaction is typically conducted by contacting the
amino compound with at least one equivalent, preferably about 1.1 to about
1.5 equivalents, of an aldehyde or ketone and at least one equivaleht based on
the amino compound of a metal hydride reducing agent, such as sodium
cyanoborohydride, in an inert diluent, such as methanol, tetrahydrofurah,
mixtures thereof and the like, at a temperature ranging from about 0°C to
about 50°C for about 1 to about 72 hours. Aldehydés and ketones suitable
for use in this reaction include, by way of example, benzaldehyde, 4-

chlorobenzaldehyde, valeraldehyde and the like.

In a similar manner, when a compound of fbrmula I-VII or an
intermediate thereof has a substituent containing a hydroxy! group, the
hydroxy! group can be further modified or derivatized either before or after
the above coupling reactions to provide, by way of example, ethers,
carbamates and the like. Compounds having a hydroxyl group on the R®
substitueht, for example, can be prepared using an amino acid derivative

derived from tyrosine and the like in the above-described reactions.

By way of example, a compound of formula I-VII or an intermediate
thereof having a substituent containing a hydroxyl group, such as where R is
a (4-hydroxyphenyl)methyl group, can be readily O-alkylated to form ethers.
This O-alkylation reaction is typically conducted by contacting the hydroxy
compound with a suitable alkali or alkaline earth metal base, such as
potassium carbonate, in an inert diluent, such as acetone, 2-butanone and the
like, to form the alkali or alkaline earth metal sélt of the hydroxyl gronp. '
This salt is generally not isolated, but is reacted in situ with at least one
equivalent of an alkyl or substituted alkyl halide or sulfonate, such as an alkyl
chloride, bromide, iodide, mesylate or tosylate, to afford the ether.
Generally, this reaction is conducted at a temperature ranging from about

60°C to about 150°C for about 24 to about 72 hours. Preferably, a catalytic
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amount of sodium or potassium iodide is added to the reaction mixture when

an alkyl chioride or bromide is employed in the reaction.

Examples of alkyl or substituted alkyl halides and sulfonates suitable
for use in this reaction include, but are not limited to, ferz-butyl
bromoacetate, N-tert-butyl chloroacetamide, 1-bromoethylbenzene, ethyl a-
bromophenylacetate, 2-(N-ethyl-N-phenylamino)ethyl chloride, 2-(V,N-
ethylamino)ethy! chloride, 2-(N,N-diisopropylamino)ethyl chloride, 2-(N,N-
dibenzylamino)ethyl chloride, 3-(V,N-ethylamino)propyl chloride, 3-(V-
benzyl-N-methylamino)propyl chloride, N-(2-chloroethylymorpholine, 2-
(hexamethyleneimino)ethyl chloride, 3-(N-methylpiperazine)propy! chloride,
1-(3-chlorophenyl)-4-(3-chloropropyl)piperazine, 2-(4-hydroxy-4-
phenylpiperidine)ethy! chloride, N-tert-butyloxycarbonyl-3-piperidinemethyl
tosylate, and the like.

Alternatively, a hydroxyl group present on a substituent of a
compound of formula I-VII or an intermediate thereof can be O-alkylating
using the Mitsﬁnobu reaction. In this reaction, an alcohol, such as 3-(NV,N-
dimethylamino)-1-propanol and the like, is reacted with about 1.0 to about
1.3 equivalents of triphenylphosphine and about 1.0 to about 1.3 equivalents
of diethyl azodicarboxylate in an inert diluent, such as tetrahydrofuran, at a
temperature ranging from about -10°C to about 5°C for about 0.25 to about 1
hour. About 1.0 to about 1.3 equivalents of a hydroxy compound, such as N-
tert-butyltyrosine methyl ester, is then added and the reaction mixture is
stirred at a temperature of about 0°C to about 30°C for about 2 to about 48
hours to provide the O-alkylated product.

In a similar manner, a compound of formula I-VII or an intermediate
thereof containing an aryl hydroxy group can be reacted with an aryl iodide
to provide a diaryl ether. Generally, this reaction is conducted by forming
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- the alkali metal salt of the hydroxyl group using a suitable base, such as

sodium hydride, in an inert diluent such as xylenes at a temperature of about -
25°C to about 10°C. The salt is then treated with about 1.1 to about 1.5
equivalents of cuprous bromide dimethyl sulﬁde complex at a temperature
ranging from about 10°C to about 30°C for about 0.5 to about 2.0 hours,
followed by about 1.1 to about 1.5 equivalents bf an aryl iodide, such as
sodium 2-iodobenzoate and the like. The reaction is then heated to about
70°C to about 150°C for about 2 to about 24 hours to provi.de' the diaryl -

ether.

Additionally, a hydroxy-containing compbund can also be readily
derivatized to form a carbamate. In one method for preparing such
carbamates, a hydroxy compound of formula I-VII or an intermediate thereof

is contacted with about 1.0 to about 1.2 equivalents of 4-nitrophenyl

. chloroformate in an inert diluent, such as dichloromethane, at a temperature

ranging from about -25°C to about 0°C for about 0.5 to about 2.0 hours.
Treatment of the resulting carbonate with an excess, preferably about 2 to
about 5 equivaients, of a trialkylamine, such as triethylamine, for about 0.5
to 2 hours, followed by about 1.0 to about 1.5 equiValents of a primary or
secondary amine provides the carbamate. Examples of amines suitab_le for
using in this reaction include, but are not limited to, piperazine, 1-
methylpiperazine, 1-acetylpiperazine, morpholine, thiomorpholine,

pyrrolidine, piperidine and the like. -

Alternatively, in another method for preparing carbamates, a hydroxy-
containing compound is contacted. with about 1.0 to about 1.5 equivalents of
a carbamyl chloride in an inert diluent, such as dichloromethane, at a
temperature ranging from about 25°C to about 70°C for about 2 to about 72
hours. Typicaily, this macﬁon is conducted in the presence of a suitable base

to scavenge the acid generated during the reaction. Suitable bases include, by
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way of example, tertiary amines, such as triethylamine,
diisopropylethylamine, N-methylmorpholine and the like. Additionally, at
least one equivalent (based on the hydroxy compound) of 4-(N,N-
dimethylamino)pyridine is preferably added to the reaction mixture to
facilitate the reaction. Examples of carbamyl chlorides suitable for use in this
reaction include, by way of example, dimethylcarbamyl chloride,

diethylcarbamyl chloride and the like.

Likewise, when a compound of formula I-VII or an intermediate
thereof contains a primary or secondary hydroxyl group, such hydroxyl
groups can be readily converted into a leaving group and displaced to form,
for example, amines, sulfides and fluorides. Generally, when a chiral
compound is employed in these reactions, the stereochemistry at the carbon

atom attached to the derivatized hydroxyl group is typically inverted.

These reactions are typically conducted by first converting the
hydroxyl group into a leaving group, such as a tosylate, by treatment of the
hydroxy compound with at least one equivalent of a sulfonyl halide, such as
p-toluenesulfonyt chloride and the like, in pyridine. This reaction is
generally conducted at a temperature of from about 0°C to about 70°C for
about 1 to about 48 hours. The resulting tosylate can then be readily
displaced with sodium azide, for example, by contacting the tosylate with at
least one equivalent of sodium azide in an inert diluent, such as a mixture of
N, N-dimethylformamide and water, at a temperature ranging from about 0°C
to about 37°C for about 1 to about 12 hours to provide the corresponding
azido compound. The azido group can then be reduced by, for example,
hydrogenation using a palladium on carbon catalyst to provide the amino

(-NH,) compound.
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. Similarly, a tosylate group can be readily displaced by a thiol to form
a sulfide. This reaction is typically conducted by contacting the tosylate with

at least one eqﬁivalent of a thiol, such as thiophenol, in the presence of a

suitable base, such as 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), in an inert
diluent, such as N,N-dimethylformamide, at a temperature of from about 0°C .

to about 37°C for about 1 to about 12 hours to provide the sulfide.

Additionally, treatment of a tosylaté with morpholinosulfur trifluoride in an
inert diluent, such as dichloromethane, at a temperature ranging from about
0°C to about 37°C for about 12 to about 24 hours affords the corresponding

fluoro compound.

Furthermore, a compound of formula I-VII or an intermediate thereof
having a substituent containing an iodoaryl group, for exarhplc, when R® is a
(4-iodophenyl)methyl group, can be readily converted either before or after
the above coupling reactions into a biaryl compound. Typically, this reaction
is conducted by treating the iodoary! compound with about 1.1 to about 2

equivalents of an arylzinc iodide, Such as 2-.(methoxy(_:al_’bohyl)phenylzinc

.iodide, in the presence of a palladium catalyst, such as palladium

tetra(triphenylphosphine), in an inert diluent, such as tetrahydrofuran, at a
temperature ranging from about 24°C to about 30°C until reaction
completion. This reaction is further described, for example, in Rieke, J.
Org. Chem. 1991, 56, 1445. Additional methods for preparing biaryl
derivatives are disclosed in International Publication Number WO 98/53817,
published December 3, 1998, the disclosure of which is incorporated herein

by reference in its entirety.

In some cases, the compounds of formula I-VII or intermediates
thereof may contain substituents having one or more sulfur atoms.  When
present, such sulfur atoms can be oxidized either before or after the above

coupling reactions to provide a sulfoxide or sulfone compound using
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conventional reagents and reaction conditions. Suitable reagents for
oxidizing a sulfide compound to a sulfoxide include, by way of example,
hydrogen peroxide, 3-chloroperoxybenzoic acid (MCPBA), sodium periodate
and the like. The oxidation reaction is typically conducted by contacting the
sulfide compound with about 0.95 to about 1.1 equivalents of the oxidizing
reagent in an inert diluent, such as dichloromethane, at a temperature ranging
from about -50°C to about 75°C for about 1 to about 24 hours. The resulting
sulfoxide can then be further oxidized to the corresponding sulfone by
contacting the sulfoxide with at least one additional equivalent of an oxidizing
reagent, such as hydrogen peroxide, MCPBA, potassium permanganate and
the like. Alternatively, the sulfone can be prepared directly by contacting the
sulfide with at least two equivalents, and preferably an excess, of the
oxidizing reagent. Such reactions are described further in March, "Advanced
Organic Chemistry", 4th Ed., pp. 1201-1202, Wiley Publisher, 1992.

Other procedures and reaction conditions for preparing the compounds
of this invention are described in the examples set forth below. Additionally,
other procedufes for preparing compounds useful in certain aspects of this
invention are disclosed in U.S. Serial No. _/__, , filed on even date
herewith, entitied "Compounds Which Inhibit Leucocyte Adhesion Mediated
by VLA-4" (Attorney Docket No. 002010-525); the disclosure of which is

incorporated herein by reference in its entireiy.

Pl ical fati
When employed as pharmaceuticals, the compounds of this invention
are usually administered in the form of pharmaceutical compositions. These
compounds can be administered by a variety of routes including oral, rectal,
transdermal, subcutaneous, intravenous, intramuscular, and intranasal. These

compounds are effective as both injectable and oral compositions. Such
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compositions are prepared in a manner well known in the pharmaceutical art

and comprise at least one active compound.

This invention also includes pharmaceutical compositions which

' contain, as the active ingredient, one or more of the compounds of formula I-
~ VII above associated with pharmaceutically acéeptable carriers. In making

~ the compositions of this invention, the active ingredient is usually mixed with

an excipient, diluted by an excipient or enclosed within such a carrier which
can be in the form of a capsule, sachet, paper or other container. The

excipient employed is typically an excipient suitable for administration to

“human subjects or other mammals. When the excipient serves as a diluent, it

can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier
or medium for the active ingredient. Thus, the compositions can be in the
form of tablets, pills, powders, lozenges, sachets, cachets, elixirs,
suspensions, emulsions, solutions, syrups, aerosols {as a solid or in a liquid
medium), ointments containing, for example, up to 10% by weight of the
active compound, soft and hard gelatin capsules, suppositories, sterile

injectable soluﬁons, and sterile packaged powders.

In preparing a formulation, it may be necessary to mill the active
compound to provide the appropriate particle size prior to combining with the
other ingredients. If the active coinpound is substantially insoluble, it
ordinarily is milled to a particle size of less than 200 mesh. If the active
compound is substantially water soluble, the particle size is normally adjusted
by milling to provide a substantially uniform distribution in the fon_ilulation,

e.g. about 40 mesh.

Some examples of suitable excipients include lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate,

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

employing procedures known in the art.

The compositions are preferably formulated in a unit dosage form,
each dosage containing from about 5 to about 100 mg, more usually about 10
to about 30 mg, of the active ingredient. The term "unit dosage forms”
refers to physically discrete units suitable as unitary dosages for human
subjects and other mammals, each unit containing a predetermined quantity of
active material calculated to produce the desired therapeutic effect, in

association with a suitable pharmaceutical excipient.

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 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.

For preparing solid compositions such as tablets, the principal active
ingredient is mixed with a pharmaceutical excipient to form a solid
preformulation composition containing a hofiiogeneous mixture of a
compound of the present invention. When referring to these preformulation

compositions as homogeneous, it is meant that the active ingredient is
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dispersed evenly throughbut_ the composition so. that the composition may be
readily subdivided into equaliy effective unit dosage forms such as tablets,
pills and capsules.' This solid prefomiulatiOn is then subdivided into unit
dosage forms of the type described above containing from, for example, 0.1
to about 500 mg of the active ingredient of the present invention.

The tablets or pills of the present invention inay_ be coated or
otherwise compounded to provide a dosage form affording the advantage of
prolonged action. For example, the tablet or pill can comprise an inner
dosage and an outer dosage component, the latter being in the form of an
envelope over the former. The two components can be separéted by an
enteric layer which serves to resist disintegration in the stomach and permit
the inner component to pass intact into the duodenum or to be delayed in
release. A variety of materials can be used for such enteric layers or
coatings, such materials including a number of polymeric acids and mixtures
of polylherié acids with such materials as sheliac, cetyl alcohol, and cellulose

acetate.

The liquid forms in which the novel compositions of the present
invention may be incorporated for administration orally or by injection
include aqueous solutions suitably flavored syrups, aqueous or oil
suspensions, and flavored emulsions with edible oils such as cottonseed oil,
sesame oil, coconut oil, or peanut oil, as well as elixirs and similar

pharmaceutical vehicles.

Compositions for inhalation or insufflation include solutions and

suspensions in pharmaceutically acceptable, aqueous or organic solvents, or

‘mixtures thereof, and powders. The liquid or solid compositions may contain

suitable pharmaceutically acceptable excipients as described supra.

Preferably the compositions are administered by the oral or nasal respiratory
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route for local or systemic effect. Compositioris in preferably
pharmaceutically acceptable solvents may be nebulized by use of inert gases.
Nebulized solutions may be breathed directly from the nebulizing device or
the nebulizing device may be attached to a face masks tent, or intermittent
positive pressure breathing machine. Solution, suspension, or powder
compositions may be administered, preferably orally or nasally, from devices

which deliver the formulation in an appropriate manner.

The following formulation examples illustrate the pharmaceutical

compositions of the present invention.

Formulation Example 1
Hard gelatin capsules containing the following ingredients are
prepared:

- . Quantity
Ingredient {mg/capsule)
Active Ingredient 30.0
Starch 305.0
Magnesium stearate 5.0

The above ingredients are mixed and filled into hard gelatin capsules

in 340 mg quantities.
Formulation Example 2

A tablet formula is prepared using the ingredients below:
Quantity

Ingredient (mg/tablet)

Active Ingredient 25.0

Cellulose, microcrystalline 200.0

Colloidal silicon dioxide 100

Stearic acid 5.0
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The componenfs are biended and comp‘r‘esséd to form fablets, each

weighing 240 mg '
5 | A dry powder inhaler formulation is prepared containing the following
components: '
Ingredient _ Weight %
10 Active Ingredient . 5
Lactose _ 95

The active mixture is mixed with the lactose and the mixture is added

15 to a dry powder inhaling appliance.

Tablets, each containing 30 mg of active ingredient, are prepared as
~ follows: '
20
Quantity
Ingredient (mg/tablet)
Active Ingredient 30.0 mg
25 Starch ' 45.0 mg
Microcrystalline cellulose 35.0 mg
Polyvinylpyrrolidone _
(as 10% solution in water) 4.0 mg
Sodium carboxymethyl starch 4.5 mg
30 Magnesium stearate ' 0.5 mg
Talc : : —1.0mg
Total : - 120mg
35 The active ingredient, starch and cellulose are passed through a No.

20 mesh U.S. sieve and mixed thoroughly. The solution of polyvinyl-
pyrrolidone is mixed with the resultant powders, which are then passed

through a 16 mesh U.S. sieve. The granules so produced are dried at 50° to
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60°C and passed through a 16 mesh U.S. sieve. The sodium carboxymethyl

starch, magnesium stearate, and talc, previously passed through a No. 30
mesh U.S. sieve, are then added to the granules which, after mixing, are

compressed on a tablet machine to yield tablets each weighing 150 mg.

Formulation Example 5

Capsules, each containing 40 mg of medicament are made as follows:

Quantity
Ingredient (mg/capsule)
Active Ingredient 40.0 mg
Starch 109.0 mg
Magnesium stearate ~l.0mg
Total 150.0 mg

The active ingredient, cellulose, starch, an magnesium stearate are
blended, passed through a No. 20 mesh U.S. sieve, and filled into hard

gelatin capsules in 150 mg quantities.

Formulation Example 6
Suppositories, each containing 25 mg of active ingredient are made as
follows:
Ingredient _ Amount
Active Ingredient _ 25 mg
Saturated fatty acid glycerides to 2,000 mg

The active ingredient is passed through a No. 60 mesh U.S, sieve and
suspended in the saturated fatty acid glycerides previously melted using the
minimum heat necessary. The mixture is then poured into a suppository

mold of nominal 2.0 g capacity and allowed to cool.
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Suspensions, each containing 50 mg of medicament per 5.0 ml dose are

made as follows:

Active Ingredient - 50.0 mg
Xanthan gum 4.0 mg
Sodium carboxymethyl cellulosc (11%)

Microcrystalline cellulose (89%) .~ 50.0 mg
Sucrose 1.75g .
Sodium benzoate 10.0 mg
Flavor and Color q.v.
Purified water to 5.0 mt

The medicament, sucl'ose and xanthan gum are blended, passed through
a No. 10 mesh U.S. sieve, and then mixed with a previously made solution of
the mxcrocrystallme cellulose and sodxum carboxymethyl cellulose in water.
The sodium benzoate, ﬂavor, and color are diluted with some of the water
and added with stirring. Sufficient water is then added to produce the

required volume.

Formulation Example 8
_ Quantity
Ingredient (mg/capsule)
Active Ingredient | 15.0 mg
Starch 407.0 mg
Magnesium stearate 30mg

Total ' 425.0 mg

The active ingredient, cellulose, starch, and magnesium stearate are
blended, passed through a No. 20 mesh U.S. sieve, and filled into hard

gelatin capsules in 560 mg quantities.
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Formulation Example 9
An intravenous formulation may be prepared as follows:
Ingredient Quantity
Active Ingredient 250.0 mg
Isotonic saline ' 1000 mt

Formulation Example 10

A topical formulation may be prepared as follows:

Ingredient Quantity
Active Ingredient 1-10 g
Emulsifying Wax 30¢g
Liquid Paraffin 20g
White Soft Paraffin to 100 g

The white soft paraffin is heated until molten. The liquid paraffin and
emulsifying wax are incorporated and stirred until dissolved. The active
ingredient is added and stirring is continued until dispersed. The mixture is

then cooled until solid.

Another preferred formulation employed in the methods of the present
invention employs transdermal delivery devices (“patches"). Such
transdermal patches may be used to provide contimuous or discontinuous
infusion of the compounds of the present invention in controlled amounts.
The construction and use of transderndl patchies for the delivery of
pharmaceutical agents is well known in the 4rt. See, e.g., U.S. Patent
5,023,252, issued June 11, 1991, herein incorporated by reference. Such
patches may be constructed for continuous, pulsatile, or on demand delivery

of pharmaceutical agents.
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Direct or indirect placement techniques may be used when it is desirable
or necessary to introduce the pharmaceutical composition to the brain.
Direct techmques usually involve placement of a drug delivery catheter into
the host s ventricular system to bypass the blood-brain barrier. One such "
implantable delivery system used for the transport of blologlcal- factors to:
specific anatomical regions of the body is described in U.S. Patent 5,011,472

which is herein incorporated by reference.

Indirect techniques, which are generally preferred, usually involve

. formulating the compositions to provide for drug latentiation by the

conversion of hydrophilic drugs into lipid-soluble drugs. Latentiation is
genefally achieved through blocking of the hydroxy, carbonyl, sulfate, and
primary amine groups present on the drug to render the drug more lipid
soluble and amenable to transportation across the blood-brain barrier.
Alternatively, the delivery of hydrdph_ilic drugs may be enhanced by
intra-arterial infusion of hypertonic solutions which can transiently open the

blood-brain barrier.

Utili
The compounds of this invention can be employed to bind VLA-4 (o,

integrin) in biological samples, i.e., the compounds bind VLA-4 with an IC,,

of 15 uM or less in a competitive binding assay as described herein.
Accordingly, these compounds have utility in, for example, assaying such
samples for VLA-4. -In such assays, the compounds can be bound to a solid
support and the VLA-4 sample added thereto. The amount of VLA-4 in the
sample can be determined by conventic_)r_:al methods such as use of a sandwich
ELISA assay. Alternatively, labeled VLA-4 can be used in a competitive
assay td measure for the presence of VLA-4 in the sample. Other suitable

assays are well known in the art.
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In addition, certain of the compounds of this invention inhibit, in vivo,
adbesion of leukocytes to endothelial cells mediated by VLA-4 by competitive
binding to VLA-4. Accordingly, the compounds of this invention can be
used in the treatment of diseases mediated by VI.LA-4 or leucocyte adhesion.
Such diseases include inflammatory diseases in mammalian patients such as
asthma, Alzheimer's disease, atherosclerosis, AIDS dementia, diabetes
(including acute juvenile onset diabetes), inflammatory bowel disease
(including ulcerative colitis and Crohn's disease), multiple sclerosis,
rheumatoid arthritis, tissue transplantation, tumor metastasis, meningitis,
encephalitis, stroke, and other cerebral traumas, nephritis, retinitis, atopic
dermatitis, psoriasis, myocardial ischemia and acute leukocyte-mediated lung

injury such as that which occurs in adult respiratory distress syndrome.

The biological activity of the compounds identified above may be
assayed in a variety of systems. For example, a compound can be
immobilized on a solid surface and adhesion of cells expressing VLA-4 can
be measured. Using such formats, large numbers of compounds can be
screened. Cells suitable for this assay include any leukocytes known to
express VLA-4 such as T cells, B cells, monocytes, eosinophils, and
basophils. A number of leukocyte cell lines can also be used, exampies

include Jurkat and U937.

The test compounds can also be tested for the ability to competitively
inhibit binding between VLA-4 and VCAM-1, or between VLLA-4 and a
Iabeled compound known to bind VLA-4 such as a compound of this
invention or antibodies to VLA-4. In these assays, the VCAM-1 can be
immobilized on a solid surface. VCAM-1 may also be expressed as a
recombinant fusion protein having an Ig tail (e.g., IgG) so that binding to
VLA-4 may be detected in an immunoassay. Alternatively, VCAM-1

expressing cells, such as activated endothelial cells or VCAM-1 transfected
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'ﬁbrqblasts can be used. For assays to measure tﬁe ability to block adhesion

to brain endothelial cells, the assays described in International Patent
Application Publication No. WO 9'1_/05038 are particularly preferred. This

application is incorporated herein by. reference in its entirety.

‘Many assay formats employ labelled assay components. The iabelling

~ systems can be in a variety of forms. The label may be coupled directly or

indirectly to the desired éomponent of the assay according to methods well
known in the art. A wide variety of labels may be used. The cdmpohent' '
may be labelled by any one of several methods. " The most common method
of detection is the use of auto'radiography with °H, 1, ¥§, “C, or 32P

labelled compounds or the like. Non-radioactive labels include ligands which

_bind to labelled antibodies, fluorophores, chemiluminescent agents, enzymes

and antibodies which can serve as specific binding pair members for a
labelled ligand. The choice of label depends on sensitivity required, ease of *
conjugation with the compound, stability requirements, and available

instrumentation.

Appropriate in vivo models for demonstrating efficacy in treating
inflammatory responses include EAE (experimental autoimmune
encephalomyelitis) in mice, rats, guinea pigs or primatcs, as well as other

inflammatory models dependent upon «4 integrins.

Compounds having the desired biological activity may be modified as
necessary to provide desired properties such as improved pharmacological
properties (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 during incubation with

peptidases or human plasma or serum. A number of such protein stability
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assays have been described (see, e.g., Verhoef etal., Eur. J. Drug Metab.
Pharmacokinet., 1990, 15(2):83-93).

For diagnostic purposes, a wide variety of labels may be linked to the
compounds, which may provide, directly or indirectly, a detectable signal.
Thus, the compounds of the subject invention may be modified in a variety of
ways for a variety of end purposes while still retaining biological activity. In
addition, various reactive sites may be introduced at the terminus for linking

to particles, solid substrates, macromolecules, or the like.

Labeled compounds can be used in a variety of in vivo or in vitro
applications. A wide variety of labels may be employed, such as
radionuclides (e.g., gamma-emitting radioisotopes such as technetium-99 or
indium-111), fluorescers (e.g., fluorescein), enzymes, enzyme substrates,
enzyme cofactors, enzyme inhibitors, chemiluminescent compounds,
bioluminescent compounds, and the like. Those of ordinary skill in the art
will know of other suitable labels for binding to the complexes, or will be
able to ascertain such using routine experimentation. The binding of these
labels is achieved using standard techniques common to those of ordinary
skill in the art.

In vitro uses include diagnostic applications such as monitoring
inflammatory responses by detecting the presence of leukocytes expressing
VLA-4. The compounds of this invention can also be used for isolating or
labeling such cells. In addition, as mentioned above, the compounds of the
invention can be used to assay for potential inthibitors of VLA-4/VCAM-1

interactions.

For in vivo diagnostic imaging to identify, e.g., sites of inflammation,

radioisotopes are typically used in accordance with well known techniques.
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The radioisotopes may be bound to the peptide either directly or indirectly "
using intermediate functional groups. For instance, chelating agents such as
diethylenetriaminepentacetic acid (DTPA) and ethylenediaminetetraacetic acid

(EDTA) and similar molecules have been used to bind proteins to metallic ion

 radioisotopes.

The complexes can also be labeled with a paramagnetic isotope for

~ purposes of in vivo diagnosis, as in magnetic resonance imaging (MRI) or -

electron spin resonance (ESR), both of which are well known. In general,

‘any conventional method for visualizing diagnostic imaging can be used.

Usually gamma- and positron-emitting radioisotopes' are used for camera
imaging and paramagnetic isotopes are used for MRI. Thus, the compounds
can be used to monitor the course of amelioration of an inflammatory '
response in an individual. By measuring the increase or decrease in
lymphocytes expressing VLA-4 it-is possible to dcter_rhine whether a

particular therapeutic regimen aimed at ameliorating the disease is effective.

The pharmaceutical compositions of the present invention can be used to
block or inhibit celtular adhesion associated with a number of diseases and
disorders. For instance, a number of inflammatory disorders are associated -
with integrins or leukocytes. Treatable disorders include, e.g., -
transplantation rejection (e.g., allograft rejection), Alzheimer's disease,
atherosclerosis, AIDS dementia, diabetes (including acute jlivenile_onset
diabetes), retinitis, cancer metastases, rheumatoid arthritis, acute
leukocyte-mediated lung injury (e.g., adult respiratory distress syndrome),
asthma, nephritis, and acute and chronic inflammation, including atopic
demxatitis, psoriasis, myocardial ischeniia, and inflammatory bowel disease
(including Crohn's disease and ulcerative colitis). In preferred embodiments
the pharmaceutical compositions are used to treat inflammatory brain

disorders, such as multiple sclerosis (MS), viral meningitis and encephalitis.
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Inflammatory bowel disease is a collective term for two similar diseases
referred to as Crohn's disease and ulcerative colitis. Crohn's disease is an
idiopathic, chronic ulceroconstrictive inflammatory disease characterized by
sharply delimited and typically transmural involvement of all layers of the
bowel wall by a granulomatous inflammatory reaction. Any segment of the
gastrointestinal tract, from the mouth to the anus, may be involved, although
the disease most commonly affects the terminal ileum and/or colon.
Ulcerative colitis is an inflammatory response limited largely to the colonic
mucosa and submucosa. Lymphocytes and macrophages are numerous in

lesions of inflammatory bowel disease and may contribute to inflammatory

injury.

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 neutropl;ilic chemotactic factors, leukotrines, prostaglandin and platelet
activating factor. Release of these factors recruits basophils, eosinophils and

neutrophils, which cause inflammatory injury.

Atherosclerosis is a disease of arteries (e.g., coronary, carotid, aorta and
iliac). The basic lesion, the atheroma, consists of a raised .focal plaque within
the intima, baving 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 inflammatory

injury.

Rheumatoid arthritis is a chronic, relapsing inflammatory disease that
primarily causes impairment and destruction of joints. Rheumatoid arthritis

PCT/US00/01686
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usually first affects the small joints of the hands and feet but then may
involve the wrists, elbows; anl;lés and knees.  The arthritis resu‘lts' from
interaction of synovial cells with leukocytes that infiltrate from the circulation
into the synovial lining of the jomts See e.g., Paul, Immunology (3d ed.,
Raven Press, 1993). '

Another indication for the compounds of this invention is in treatment of

organ or graft rejection mediated by' VLA-4. Over recent years there has |

been a considerable improvement in the efficiéncy of surgical techniques for
transplanting tissues and organs such as skin, kidney, liver, heart, lung, -
pancreas .and bone marrow. Pérhaps the principal'outstanding problem is the
lack of satisfactory agents for inducing immunotolerance in the recipient to

the transplanted alldgraft 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 mountan -

immune response to foreign antigens in the transplant (host-versus-gréﬁ
disease) leading to destruction of the tranéplanted tissue. CD8* cells, CD4
cells and monbcytes 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 pérticipating in the destruction of the transplanted

 tissue or organ. See, e.g., Paul et al., Transplant International 9, 420-425

(1996); Georczynski et al., Immunology 87, 573-580 (1996); Georcyznski et
al., Transplans. Immunol. 3, 55-61 (1995); Yang et al., Transplantation 60,
71-76 (1995); Anderson et al., APMIS 102, 23-27 (1994). '

A related use for compounds of this invention which bind to VLA-4 is in
modulating the immune response involved in "graft versus host" disease
(GVHD). See e.g., Schiegel et al., J. Immunol. 155, 3856-3865 (1995).
GVHD is a potentially fatal disease that occurs when immunologically

PCT/US00/01686
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competent cells are transferred to an allogeneic fecipient. In this situation,
the donor's immunocompetent cetls may attack tissues in the recipient.
Tissues of the skin, gut epithelia and liver are frequent targets and may be
destroyed during the course of GVHD. The disease presents an especially
severe problem when immune tissue is being transplanted, such as in bone
marrow transplantation; but less severe GVHD has also been reported in
other cases as well, including heart and liver transplants. The therapeutic
agents of the present invention are used, inter alia, to block activation of the
donor T-cells thereby interfering with their ability to lyse target cells in the

host.

A further use of the compounds of this invention is inhibiting tumor
metastasis. Several tumor cells have been reported to express VLA-4 and
compounds which bind VLA-4 block adhesion of such cells to endothelial
cells. Steinback et al., Urol. Res. 23, 175-83 (1995); Orosz et al., Int. J.
Cancer 60, 867-71 (1995); Freedman et al., Leuk. Lymphoma 13, 47-52
(1994); Okahara et al., Cancer Res. 54, 3233-6 (1994).

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

paralysis in the animals'é,

PCT/US00/01686
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- Pharmaceutical compositions of the invention are suitable for use in a
variety of dfug delivery systems. Suitable formulations for use in the present -
invention are found in Remington's Pharmaceutical Sciences, Mace
Publishing Company, Philadelphia, PA, 17th ed. (1985).

In order to enhance serum half-life, the compounds may be encapsulated,

introduced into the lumen of liposomnes, prepared as a colloid, or other

conventional techniques may be employed which provide an extended serum
half-life of the compounds. A variety of methods are available for preparing =~
liposomes, as described in, e.g., Szoka, et al., U.S. Patent Nos. 4,235,871, -

. 4,501,728 and 4,837,028 each of which is incorporated herein by reference.

. The amount administered to the patient will vary depending upon what is
being administered, the purpose of the administration, such as prophylaxis or
therapy, the state of the patient, the manner of administration; and the like.

In therapeutic applications, compositions are administered to a patient alréady
suffering from a disease in an amount sufficient to cure or at least partially
arrest the symptoms of the disease and its complications. An amount
adequate to accomplish this is defined as "therapeutically effective dose."
Amounts effective for this use will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending upon
factors such as the severity of the inflammation, the age, weight and general

condition of the patient, and the like.

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

PCT/US00/01686



e e e oo N e P N S .

WO 00/43372

10

15

20

25

30

PCT/US00/01686

- 149 —

preparations typically will be between 3 and 11, more preferably from 5 to 9
and most preferably from 7 to 8. It will be understood that use of certain of

the foregoing excipients, carriers, or stabilizers will result in the formation of

pharmaceutical salts.

The therapeutic dosage of the compounds of the present invention will
vary according to, for example, the particular use for which the treatment is
made, the manner of administration of the compound, the health and
condition of the patient, and the judgment of the prescribing physician. For
example, for intravenous administration, the dose will typically be in the
range of about 20 4g to about 500 g per kilogram body weight, preferably
about 100 g to about 300 ug per kilogram body weight. Suitable dosage
ranges for intranasal administration are generally about 0.1 pg to 1 mg per
kilogram body weight. Effective doses can be extrapolated from

dose-response curves derived from ir vitro or animal model test systems.

Compounds of this invention are also capable of binding or antagonizing
the actions of By, 5B, o0,B,, @ B,, B, integrins (although a,B; and )P,
are preferred in this invention). Accordingly, compounds of this invention
are also useful for preventing or reversing the symptoms, disorders or

diseases induced by the binding of these integrins to their respective ligands.

For example, International Publication Number WO 98/53817, published
December 3, 1998 (the disclosure of which is incorporated herein by
reference in its entirety) and references cited therein describe disorders
mediated by «,8,. This reference also describes an assay for determining
antagonism of o, dependent binding to VCAM-Ig fusion protein.

Additionally, compounds that bind «,8, and «.B, integrins are
particularly useful for the treatment of asthima and related lung diseases. See,
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for example, M. H. Grayson et al., J. Exp. Med. 1998, 188(11) 2187-2191.
" Compounds that bind ¢ B, integrin are also useful for the treatment of

systemic lupus erythematQSus (see, for examplé, M. Pang et al., Arthritis ~
Rheum. 1998, 41(8), 1456-1463); Crohn’s disease, ulcerative colitiS and
infammatory bowel disease (IBD) (see, for example, D. Elewaut et al., Scand
J. Gastroenterol 1998, 33(7)_ .743-748); Sjogren’s syndrome (see, for

example, U. Kroneld et al., Scand J. Gastrbentero_l 1998, 27(3), 215-218);
émd rheumatoid arthritis (see, for example, Scand J. Gastroenterol 1996,
44(3), 293-298). And compoﬁnds that bind o, may be useful in preventihg
fertilization (see, for example, H. Chen et al., Chem. Biol. 1999, 6, 1-10).

Certain of the compounds within the generic formulas described herein
are also useful as synthetic intermediates for other compounds of this

invention as illustrated in the examples herein.

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

Celsius.

EXAMPLES
In the examples below, the following abbreviations have the following

meanings. If an abbreviation is not defined, it has its generally accepted -

meaning.
aq or ag. = aqueous
AcOH = . acetic acid .
bd = broad doublet
bm = broad multiplet
bs = broad singlet
Bn = benzyl
Boc = N-tert-butoxylcarbonyl

Boc,O di-tert-buty! dicarbonate
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BOP

Cbz
CHC),
(COCI),
d

dd

dt
DBU
DCC
DMAP
DME
DMF
DMSO
EDC

Et,0
EtOAc
EtOH

eq or eq.
Fmoc
FmocONSu

g
h

HBr
HC1
HOBT
br
K,CO,
L

m
MeOH
mg
MgSO,
mL
mm
mM
mmol
mp

N

U O O TR

L I R O A A A N I hwu

PCT/US00/01686

— 151 --

benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium
hexafluorophosphate
carbobenzyloxy

chloroform

dichloromethane

oxalyl chloride

doublet

doublet of doublets

doublet of triplets
1,8-diazabicyclo[5.4.0Jundec-7-ene
1,3-dicyclohexylcarbodiimide
4-N,N-dimethylaminopyridine
ethylene glycol dimethyl ether
N, N-dimethylformamide
dimethylsulfoxide
1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride
triethylamine

diethyl ether

ethyl acetate

ethanol

equivalent
N-(9-fluorenylmethoxycarbonyl)
N-(9-fluorenylmethoxycarbonyl)-
succinimide

grams

hour

water

hydrobromic acid

hydrochloric acid
1-hydroxybenzotriazole hydrate
hour

potassium carbonate

liter

multiplet

methariol

milligram

magnesium sulfate

milliliter

millimeter

millimolar

millimol

melting point

normat
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NaCl
. NazCO3'

NaHCO,

‘NaOEt

NaOH

NH,Cl1

NMM

Phe

Pro.

psi

PO,

a
quint.
It
S
sat
t
t-BuOH
TFA
THF
TLCortic
Ts
TsCl
TsOH
uL
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: sodiuni chlor_ide

sodium carbonate

- sodium bicarbonate

sodium ethoxide

- sodium hydroxide
- ammonium chloride

N-methylmorpholine

L-phenylalanine

L-proline

pounds per square inch
platinum oxide

quartet

quintet

room temperature
singlet

- samurated

triplet
tert-butanol

- trifluoroacetic acid

tetrahydrofuran

thin layer chromatography

tosyl
tosyl chloride
tosylate

- microliter

PCT/US00/01686

The following Methods may be used to prepare the compounds of this

invention.

Method A

ti C

Amino acid methyl esters can be prépa_red using the method of Brenner
and Huber Helv. Chim. Acta 1953, 36, 1109.
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Method B
BOP Coupling Procedure

The desired dipeptide ester was prepared by the reaction of a carboxylic
acid (1 equivalent) with the appropriate amino acid ester or amino acid ester
hydrochloride (1 equivalent), benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate [BOP} (2.0
equivalent), triethylamine (1.1 equivalent), and DMF. The reaction mixture
was stirred at room temperature overnight. The crude product is purified

flash chromatography to afford the dipeptide ester.

Method C
Hydrogenation Procedure I
Hydrogenation was performed using 10% palladium on carbon (10% by
weight) in methanol at 30 psi overnight. The mixture was filtered through a
pad of Celite and the filtrate concentrated to yield the desired compound.

Method D
Hydrolysis Procedure I
To a chilled (0°C) THF/H,0 solution (2:1, 5 - 10 mL) of the appropriate
ester was added LiOH (or NaOH) (0.95 equivalents). The temperature was
maintained at 0°C and the reaction was complete in 1-3 hours. The reaction
mixture was extracted with ethyl acetate and the aqueous phase was

lyophilized resulting in the desired carboxylate salt.

Method E
Ester Hydrolysis Procedure I
To a chilled (0°C) THF/R,0 solution (2:1, 5 - 10 mL) of the appropriate
ester was added LiOH (1.1 equivalents). The temperature was maintained at
0°C and the reaction was complete in 1-3 hours. The reaction mixture was

concentrated and the residue was taken up into H,O and the pH adjusted to 2-



S TR TR

WO 00/43372 PCT/US00/01686

- 154 -

3 with aqueous HCl. The product was ex&acted with ethyl acetate and the
combined organic phase was washed with brine, dried over MgSQ,, filtered

and concentrated to yield the desifed acid.

5 | Method F
_ E H irolysis P fure T
| The appropriate ester was dissolved in dioxane/H,O (1:1) and 0.9
equivalents of 0.5 N NaOH was added. The reaction was stirred for 3-16-
hours and then concentrated. The resulting residue was dissolved in H,O and
10 extracted with ethyl acetate. The aqueous phase was lyophilized to yield the

desired carboxylate sodium salt.

"~ Method G
15  Anhydrous hydrochloride (HCI) gas wés bubbled through a methanolic
solution of the appropriate Boc-amino acid ester at 0°C for 15 minutes and
the reaction mixture was stifred for three hours. The solution was
concentrated to a syrup and dissolved in EtO and reconcentrated. This -
procedure was repeated and the resulting solid was placed under high vacuum
20 overnight. '

Method H
- t |
The tert-butyl ester was dissolved in CH,Cl, and treated with TFA. The
25 reaction was complete in 1-3 hr at which time the reaction mixture was
concentrated and the residue dissolved in H,O and lyophilized to yield the -

desired acid.

30



WO 00/43372

10

15

20

PCT/US00/01686
- 155 --

Method I
EDC Coupling Procedure [

To a CH,C], solution (5-20 mL}) of a carboxylic acid (1 equivalent), the
appropriate amino acid ester hydrochloride (1 equivalent), N-
methylmorpholine (1.1-2.2 equivalents) and 1-hydroxybenzotriazole (2
equivalents) were mixed, placed in an ice bath and 1-(3-
dimethylaminopropyl)-3-ethy! carbodiimide (1.1 equivalents) added. The
reaction was allowed to rise to room temperature and stirred overnight. The
reaction mixture was poured into H,O and the organic phase was washed with
sat. NaHCO,, brine, dried (MgSO, or Na,SO,), filtered and concentrated.

The crude product was purified by column chromatography.

Method J
EDC Coupling Procedure If

To a DMF solution (5-20 mL) of a carboxylic acid (1 equivalent), the
appropriated amino acid ester hydrochloride (1 equivalent), Et;N (1.1
equivalents) and 1-hydroxybenzotriazole (2 equivalents) were mixed, placed
in an ice bath and 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide (1.1
equivalents) added. The reaction was allowed to rise to room temperature
and stirred overnight. The reaction mixture was partitioned between EtOAc
and H,0 and the organic phase washed with 0.2 N citric acid, O, sat.
NaHCO,, brine, dried (MgSO; or Na,S0O,), filtered and concentrated. The
crude product was purified by column chromatography or preparative TLC.

Method K
The tert-butyl ester was dissolved in CH,Cl, (5 mL) and treated with
TFA (5 mL). The reaction was complete in 1-3 hours at which time the

reaction mixture was concentrated and the residue dissolved in H,O and
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concentrated. The residue was redissolved in H,0 and lyophilized to yield the
desired product.

Method L
Cart E ion P fure |

Into a reaction vial were cdmbined 15.2 mmol, 1.0 eq. of the starting
hydroxy compound (typically a tytosine derivative) and 1..86 Ig (15.2 mmol,
1.0 eq) DMAP Methylene chloride (50 mL), triethylamine (2.12 mL, 1.54
g, 15.2 mmol, 1.0 eq), and dimethylcarbamy!l chioride (1.68 mL, 1.96 g,
18.2 mmol, 1.2 eq) were then added. The vial was capped tightly, and the
reaction solution swirled to obtain a'. homogeneous solution. The reaction
solution was then heated to 40°C. After 48 h, TLC of the resulting colorless
solution indicated complete conversion. The work-up of the reaction solution
was as follows: 50 mL EtOAc and 50 mL hexanes was added to the reaction
mixture, and the resulting mixture was washed with 0.5 M citric acid (3 x 50
mL), water (2 x 50 mL),10% K,CO, (2 x 50 mL), and sat. NaCl (1 x50
mL); dried with MgSO,, filtered and evaporated to afford the desired
compound. '

Method M

Into a reaction vial were combined 84.34 mmol (1.0 eq) of the starting
hydroxy compound (typically a tyrosine derivative) and 17.0 g (84.34 mmol,
1.0 eq) 4-nitrophenyl chloroformate. Methylene chloride (700 mL) was
added and the vial was capped with a sepmm. A nitrogen line was attached
and the vial was immersed in a 4:1 watet/ethanol dry ice slurry with stirring
to cool to -15°C. Triethylamine (29.38 mL, 21.33 g, 210.81 mmol, 2.5 eq)
was added over five minutes with stirring and the stirring was continued at -
10 t0 -15°C for 1 h. N-Methyl piperazine (9.35 mL, 8.45 g, 84.34 mmol,

1.0 eq) was added over three minutes with stirring and stirring was continued
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overnight while warming to room temperature. The reaction mixture was
diluted with 700 mL hexanes and the resulting mixture was washed
repeatedly with 10% K,CO,, until no yellow color (from 4-nitrophenol) is
observed in the aqueous layer. The mixture was then washed with sat. NaCl,
dried over anhydrous MgSO,, filtered and evaporated. The residue was
dissolved in 500 mL of ethanol and evaporated to remove triethylamine. The
residue was again dissolved in 500 mL of ethanol and evaporated to remove
triethylamine. The residue was then dissolved in 400 mL of ethanol and 600
mL of water was added with stirring to precipitate a solid or oil. If an oil if
formed, the oil is stirred vigorously to induce it to solidify. The solid is then
isolated by filtration. Dissolution, precipitation, and filtration are repeated
once and the resulting solid is rinsed with water to remove traces of yellow
color. The solid is then subjected to high vacuum until the mass remains

constant thereby affording the desired carbamyloxy compound.

2719-2724) was used to convert 4(3H)-pyrimidinone into 5-iodo-4(3H)-
pyrimidinone, which was of sufficient purity for conversion to 4-chloro-5-

iodopyrimidine.

was added POCl, (2.0 eq.). The reaction mixture was heated to reflux for 3
hours, and then cooled and concentrated. The residue was suspended in
water, adjusted to pH="7 by addition of 4N sodium hydroxide, and extracted
with ethyl acetate. The organic extracts were washed with brine, dried
(MgSO,), filtered and stripped to give a red oil. The crude product was
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dissolved in methanol and silica gel was added. Following concentration, the

coated silica gel was loaded onto a plug of silica gel and elution with ethyl

- acetate/hexanes yielded the title compound

* Method P

Préparation of

A solution 4-chloro-5-iodopyrimidine (1.0 eq.'), L-4-(N,N-
dimethylcarbamyloxy)-phenylalanine zerz-butyl ester (1.0 eq), and N,N-

diisoproylethyl amine (2.0 eq) in tetrahiydrofuran was heated at reflux for 16
hours. The reaction mixture was then cooled and diluted with water and ethyl
acetate. The organic phase was washed with 0.2 N citric acid, water,

saturated NaHCO,, brine, dried (MgSO,), filtered and concentrated. The
residue was purified by silica gel chromatography using ethyl acetate/hexanes -

to afford the title compound.

Method Q
Suzuki Coupling P ure I
To an ethyleneglycol dimethyl ether solution of
tetrakis(triphenylphosphine)palladium (0.04 eq) was added N-(§5-
iodopyi‘imidin-4~yl)-L—4-(M N-dimethylcarbamyloxy)phenylalanine fert-butyi
ester (1.0 eq.). After stirring for approximately ten minutés a boronic acid or
ester (1.2 eq) and 2M Na,CO; (2.0 eq) were added, and the reaction flask
was evacuated and then flushed with. nitrogen gas. The reaction was heated |
at reflux from three to-sixteen hours. The reaction mixture was then cooled,
diluted with water and ethyl acetate, and the organic phase was washed with |
0.2 N citric acid, Water, saturated NaHCO,, brine, dried (MgSO,), filtered
and concentrated. Altemaﬁvely, the cooled reaction mixture was diluted with
ethyl acetate and washed with water, saturated NaHCO,, dried (MgSO,),
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filtered and concentrated. Either column chromatography or preparative thin

layer chromatography on silica gel using ethyl acetate/hexanes afforded the
desired product.

Method R
Suzuki Coupling Procedure II
To a dimethylformamide solution of tetrakis(triphenylphosphine)-
palladium (0.02 - 0.05 eq) was added N-(S-iodopyrimidin-4-yl)-L-4-(N,N
dimethylcarbamyloxy)phenylalanine terz-butyl ester (1.0 eq.). After stirring
for approximately ten minutes, the boronic acid (1.1 - 4.0 eq) and K,PO, (1.5
- 2.0 eq) were added, and the reaction was heated at 100°C for three to
sixteen hours. The reaction mixture was then cooled, diluted with water and
ethyl acetate, and the organic phase was washed with 0.2 N citric aﬁid, water,
saturated NaHCO,, brine, dried (MgSO,)}, filtered and concentrated. Either
column chromatography or preparative thin layer chromatography on silica

gel using ethyl acetate/hexanes afforded the desired product.

Method S
Suzuki Coupling Procedure III

An ethyleneglycol dimethy! ether/2M Na,CO, (1:1 by volume) solution
of tetrakis(triphenylphosphine)palladium {0.04 eq), N~(5-iodopyrimidin-4-yl)-
L~4-(N, N-dimethylcarbamyloxy)phenylalanine fert-butyl ester (1.0 eq.), the
boronic acid (1.1 eq) and lithium chloride (3.0 eq ) was heated to reflux for
approximately six hours. The cooled reaction mixture was diluted with ethyl
acetate and washed with water, brine, dried (MgSO,), filtered and
concentrated. The residue was purified by silica gel column chromatography
using ethyl acetate/hexanes to afford the desired product.
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~ Method T
Suzuki Coupling Procedure IV
An ethyleneglycol dimethyl ether/2M Na,CO,, (1:1 by volume) solution
of tetrakis(triphenylphosphine)palladium (0.05 eg), N-(5-iodopyrimidin-4-y1)-

| L—4—(N,N-dimethy]carbamyloxy)phenylaianine tert-butyl ester (1.0 eq.), the
~ boronic acid (1.5 eq) and tri-o-tolylphoéphine (0.1 eq) was heated to reflux

for approximately'three hours. The cooled reaction mixture was diluted with -

ethyl acetate and water and washed with water, briné,' dried (MgSO,,), filtered '
and concentrated. The residue was purified by preparative thin layer
chromatography on silica gel using ethyl acetate/hexanes to afford the desired

product.

Method U
A dimethylformamide solution of N-(S-iodopyrimidin-4-yl)-L-4-(N,N-

dimethylcarbamyloxy)phenylalanine tert-butyl ester (1.0 eq.), N,N-

dimethylacrylamide (2.0 eq), and triethylamine (6.0 eq) was degassed with
nitrogen and then dichlorobis—(triphenylphbsphine)palladium was added. The
reaction was warmed to 90°C under a stream of nitrogen for 16 hours. The
cooled reaction mixture was diluted with ethyl acetate and water and washed
with water, brine, dried (MgSO,), filtered and concentrated. The residue was
purified by column chromatography on silica gel using ethyl acetate/hexanes
followed by preparative thin layer chromatography on silica gel using ethyl -
acetate/hexanes to afford the desired product.

Method V
N.(S-(Z-N,N~dimethylcarbamylethyl)pyrimidin—4-yl)-L—4-(N, N-
dimethylcarbamyloxy)-phenylalanine zert-butyl ester was dissolved iﬁ ethanol

to which was added 10 % palladium on carbon. The reaction mixture was

PCT/US00/01686 .
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hydrogenated at 35 psi hydrogen for approximately five hours. The reaction
mixture was filtered through a pad of Celite, and the filtrate was
concentrated. The residue was purified by preparative thin layer
chromatography on silica gel using methanol/dichloromethane to afford the

desired product.

Method W
Heck Reaction Procedure I
To a tetrahydrofuran solution of N-(5-iodopyrimidin-4-yl)-L-4-(V, N-
dimethylcarbamyloxy)phenylalanine fers-butyl ester (1.0 eq)
dichlorobis(triphenylphosphine)paliadium, triethylamine (0.05 eq) and
triphenylphosphine (0.025 eq) was added phenylacetylene (1.5 eq) and
triethylamine (1.5 eq). After twenty minutes, copper (I) iodide (0.012 eq)
was added, and the resulting mixture was stirred overnight at room
temperature. The reaction mixture was then diluted with ethyl.acetate and
water and washed with 0.2 N citric acid, water, saturated NaHCO,, brine,
dried (MgSO,), filtered and concentrated. The residue was chromatographed
on a silica gell column using ethyl acetate/hexanes. ‘H NMR analysis showed
that the desired product to be contaminated with the iodopyrimidine starting

material. However, the product was used without further purification.

Method X
Hydrogenation Procedure III
Crude N-(5-(2-phenylethynyl)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine ferr-butyl ester was dissolved in ethanol
to which was added 10% palladium on carbon and sodium acetate (3.0 eq).
The reaction mixture was hydrogenated at 40 psi hydrogen for approximately
three hours, then filtered through a pad of Celite, and the filtrate
concentrated. The residue was washed with 0.2 N citric acid, water,
saturated NaHCO,, brine, dried (MgSO,), filtered and concentrated. Silica
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- gel column chromatogfaphy_ using ethyl acetate/hexanes yielded the desired

product.

Method Y
5. | ' Preparation of

. terr-Buty] Ester
A solution 4,6-dichloropyrimidine (1.2 eq), L-4-(N,N-
dimethylcarbamyloxy)-phenylalanine tert—btityl ester (1.0 eq), and _
10 triethylamine (1.05 eq) in ethanol was heated at reflux for 16 hours. The

reaction mixture was cooled and concehtrated, and the residue was taken-up
in water and ethyl acetate. 'I‘he. organic phase was washed with 0.2 N citric
acid, water, saturated NaHCQO,, brine, dried (MgSO,), filtered and o
concentrated. The residue was purified by silica gel chromatogfaphy using
15 ethyl acetate/heXanes to afford the title compound. |

~ Method Z
An ethyleneglycol dimethyl ether solution of

20 tetrakis(triphenylphosphine)palladium (0.12 eq), N—(6-chloropyrimi_dih—4-yl)-
L-4-(N, N-dimethylcarbamyloxy)phenylalanine zerr-butyl ester (1.0 eq.) and
triphenylphosphine (0.05 eq) was stirred for approximately ten minutes. The
boronic acid or ester (1.2 - 2.5 eq) and 2M Na,CO, (2.0 eq) were added, and
the reaction was heated at 90°C for 16 to 72 hours. The reaction mixture

25 was cooled and concentrated, and the residue was taken up in water and ethyl
acetate. The organic phase was washed with 0.2 N citric acid, water,
saturated NaHCO,, brine, dried (MgSO,), filtered and concentrated. The
residue was purified by preparative thin layer chromatography on silica gel
using ethyl acetate/hexanes to afford the desired product.

30
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Preparation of
5-(N-Alkyvlamino)pyrimidin D-1.-4
fimethvlcar] | henvlalani
5 tert-Butyl Ester
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A mixture of N-(6-chloropyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine zerz-butyl ester (1.0 eq) and an
alkylamine (10.0 eq) was heated in a sealed tube at 120°C for 16 hours. The
reaction mixture was cooled and diluted with ethyl acetate. The organic
portion was washed with 0.2 N citric acid, water, saturated NaHCO;, brine,
dried (MgSO,), filtered and concentrated. The residue was purified by silica
gel chromatography using ethyl acetate/hexanes to afford the desired

compound.

Method BB

alkylamine (1.05 eq , typically L-4-(N, N-dimethylcarbamyloxy)phenylalanine
tert-buty! ester), and N, N-diisoproylethylamine (5.0 eq) was heated to 40°C
for 16 hours. The reaction mixture was then concentrated, and the residue
was taken up in ethyl acetate. The organic portion was washed with 0.2 N
citric acid, water, saturated NaHCQ,, brine, dried (MgSO,), filtered and
concentrated. The crude material was purified by silica gel chromatography
using ethy! acetate/hexanes to afford the desired compound.

An isopropanol solution of the 4-N-alkylamino-5-bromo-2-
chloropyrimidine (1.0 eq) and an alkylamine (5.0 eq) was heated in sealed
tube at 130°C for 3-5 hours. The reaction mixture was then cooled and
washed with 0.2 N citric acid, water, saturated NaHCOQ,, brine, dried
(MgSO,), filtered and concentrated. The crude material was purified by
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silica gel chromatography using ethyl acetate/hexanes to afford the desired

compound.

. ~ Method DD .
4-N-Alkylamino-5-bromo-2-N-alkylaminopyrimidine
_Suzki Cougling Proced

To an ethj'leneglycdl dimethyl eiher solution of
tetrakis(triphenylphosphine)palladium (0.04 eq) was added an 4-N-
alkylaminoQS-bromo—Z-N-alky-laminopyrimidine (1.0 eq.). After stirring for
approximately ten mihutes, the boronic acid or ester (1.2 eq) and 2M ll\Ia'\z('ZO3

(2.0 eq) was added, and the reaction flask was e\}acuated and then flushed

with nitrogen gas. The reaction was heated at reflux for three to four hours.

- The reaction mixture was then cooled and diluted with water and ethyl

acetate, and the organic phase was washed with 0.2 N citric acid, water, -
saturated NaHCOQ,, brine, dried (MgSO,), filtered and concentrated. The y
residue was purified by either silica gel column or preparative thin layer

chromatography using ethyl acetate/hexanes to afford the desired product. B

Method EE
Preparation of
-tert-But 4-lodo- enyalapine t
The title co'mpouhd was prepared from 4-i0do;L-phenylalanine by
standard conditions described by Bodanszky and Bodanszky in The Practice
of Peptide .Synthe_sis; Springer-Verlag: Berlin, 1984.
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Method FF
Preparation of

To a dimethylformamide solution of
tetrakis(triphenylphosphine)palladium (0.02 - 0.05 eq) was added N-terr-
butoxycarbonyl-4-(2,6-dimethoxypheny1)-L-phenyalanine methyl ester (1.0
eq.). After stirring for approximately ten minutes, 2,6-dimethoxyphenyl
boronic acid (1.1 eq) and K,PO, (2.0 eq) were added, and the reaction was
heated at 100°C for sixteen bours. The reaction mixture was then cooled,
diluted with water and ethyl acetate, and the organic phase was washed with
0.2 N citric acid, water, saturated NaHCQ,, brine, dried (MgSO,), filtered
and concentrated. Column chromatography on silica gel using ethyl

acetate/hexanes afforded the desired product.

Method GG

Preparation of

A methylene chloride solution of N-tert-butoxycarbonyl-4-(2,6-
dimethoxyphenyl)-L-phenyalanine methy! ester was treated with
trifluoroacetic acid for six hours at room temperature. Concentration of the

volatiles yielded the title compound.

Method HH

A methylene chloride solution of the appropriate tert-butyl ester was
treated with trifluoroacetic acid at room temperature. After 2-3 hours the

volatiles were evaporated, and the residue was treated again with methylene
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chloride and trifluoroacetic acid. After 2-3 hdui's the volatiles were

evaporated again to yield the desired compound.

Method I .

Preparation of

- N-(5-Iodo-pyrimidin-4-yl)-L-4-(N, N-dimethyl-

- carbamyloxy)phenylalanine tert-buty! ester (1.0 éq)‘ was dissolved in dry -

10

15

20

DMF, with allyltributylstannane (1.1 eq), bis(triphenylphosphine)palladium
dichloride (0.03 eq) and LiC! (3.0eq). The reaction mixture was flushed
under nitrogen; and heated to 90°C for 2 hours. EtOAé was added, and the -
organic layer was washed with water and brine, and dried over MgSO,.

After filtration and evaporation of the solvent under reduced pressure, the -
crude material.was purified by column chromatography (silica gel) eluting

with EtOAc/hexanes 1:3. The title material was isolated in good yields.

Method JJ

Preparation of

tert-Bu t
N-(5-Allylpyrimidin-4-yI)-L-4-(N, N-dimethylcarbamyloxy)phenylalanine

tert-butyl ester was dissolved in methanol and treated with a catalytic amount

25

30

of 10% palladium on carbon. The mixture was shaken under 10 psi hydrogen
gas for 3 hours. Upon filtration though a pad of Celite, and evaporation of * -
the solvent under reduced pressure, the desired material was isolated as a

foam.

PCT/US00/01686
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Method KK
Preparation of

N-(5-Propylpyrimidin-4-yl)-L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine rerz-butyl ester was treated with neat trifluoroacetic acid, and

the mixture was stirred for 5 h at room temperature. Upon evaporation of the

solvent under reduced pressure, the desired material was isolated as a foam.

To a suspension of sodium hydride 60% dispersion in mineral oil (1.1
eq) in anhydrous THF was added slowly with stirring dimethyl malonate (1.1
eq), causing the evolution of gas. To the resulting solution was added a
bromoalkane, iodoalkane, or trifluoromethanesulfonyloxyalkane (1.0 eq), and
the mixture was heated to 50°C for 48 h, at which point TLC indicated
consumption of the bromoalkane, iodoalkane, or
trifluoromethanesulfonyloxyalkane. The mixture was diluted with diethy!
ether and washed with 70% saturated sodium chloride. The organic extracts
were treated with anhydrous magnesium suifate, filtered, and evaporated to
afford a dimethyl 2-alkylmalonate of sufficient purity for immediate
conversion to a 5-alkyl-4,6-dihydroxypyrimidine.

Preparation of Diethyl 2-Alkylidenylmalonate
Procedure B (p. 2759) of Houve and Winberg (J. Org. Chem. 1980,
45(14), 2754-2763) was employed to react diethyl malonate with a ketone or
an aldehyde to afford a diethyl 2-alkylidenylmalonate of sufficient purity for

immediate conversion to a diethyl 2-alkylmalonate.
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* Method NN

Preparation of Diethyl 2-Alkylmalor

- A diethyl] 2-alkylidenylmalonate and an equal fnass 10%. palladium on

- carbon were suspended in ethanol. The mixture was shaken under 55 psi

hydrogen gas for 24 h, at which point TLC indicated consumption of the
diethyl 2-alkylidenylmalonate. The mixture was filtered through Celite and
evaporated to afford a diethyl 2-alkylmalonate of sufficient purity for

immediate conversion to a 5-alkyl-4,6-dihydroxypyrimidine. _

Method OO -
ati 5 _dihvdro: yrimidi

To a diethyl 2-alkylmalonate or a dimethyl 2-alkylmalonate (1.0 eq) was -
added formamidine acetate (1.0 eq) and 25% sodium methoxide in methanol
(3.3 eq). The resulting slurry was stirred vigorously and heated to 60°C for
4 h, and then allowed to cool. The slurry was diluted with water, and
acidified to pH = 2 by addition of HCl. The resulting precipitate was
collected by filtration, washed with water, and dried under vacuum, to afford
a 5-alkyl—4,&dihydroxypyrimidine of sufficient purity for immediate

conversion to a 5-alkyl-4,6-dichloropyrimidine.

Method PP
arati - -hvdr

- The method (p. 308) of Anderson et al. (Org. Proc. Res. Devel. 1997,

- 1, 300-310) was employed to react a methyl alkoxyacetate, sodium

methoxide, ethyl formate, and formamidine acetate to afford a 5-al_koxy-4- :
hydroxypyrimidine of sufficient purity for immediate conversiontoa 5-

alkoxy-4-chloropyrimidine.

PCT/US00/01686
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Method QQ
Preparation of

hydroxypyrimidine (1.0 eq) were added phosphorus oxychloride (15.0 eq)
and N, N-dimethylaniline (1.0 eq), and the mixture was heated to 100°C for 3
h, and then allowed to cool. The resulting solution was poured onto ice, and
the mixture was extracted with dichloromethane. The organic extracts were
treated with anhydrous magnesium sulfate, filtered, and evaporated to afford
a 5-alkyl-4,6-dichloropyrimidine or a 5-alkoxy-4-chloropyrimidine of
sufficient purity for immediate conversion to a 5-alkyl-4-N-alkylamino-6-

chloropyrimidine or a S-alkoxy-4-N-alkylaminopyrimidine.

Method RR
Preparation of

AL8 Y IGITLT CIGING

A
ALINGT 5

To a soluﬁon of a 5-alkyl-4,6-dichloropyrimidine or a 5-alkoxy-4-

chloropyrimidine (1.0 eq) in ethanol were added an alkyl amine (1.2 eq,
typically L4-(N, N-dimethylcarbamyloxy)-phenylalanine rert-butyl ester) and
diisopropylethylamine (2.0 eq). The mixture was sealed in a pressure tube
and heated to 120°C for 48 h, at which point TLC indicated cons.umption of
the 5-alkyl-4,6-dichioropyrimidine or the S-alkoxy-4-chloropyrimidine. The
mixture was evaporated, and the residue was partitioned between ethyl
acetate and pH = 4.5 citrate buffer. The organic extracts were washed with
saturated sodium chloride, treated with anhydrous magnesium sulfate,
filtered, and evaporated. The residue was purified by chromatogréphy on
silica gel using ethyl acetate and hexanes to afford a pure 5-alkyl-4-N-
alkylamino-6-chloropyrimidine or 5-alkoxy-4-N-alkylaminopyrimidine.
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Method SS

A suspension of 5-alkyl-4-N-alkylamino-6-chloropyrimidine (1.0 eq),
and an equal mass 10% palladium on carbon, and sodium bicarbonate (5.0
eq) in methanol was shaken under 55 psi hydrogen gas for 16 h, at which
point TLC indicated consumption of the 5-alkyl-4-N-alkylamino-6-
chloropyﬁmidin_e. The mixwre was filtered through Celite and evaporated to
give a residue, which was partitioned between ethyl acetate and 70%
saturated sodium chloride. The organic extracts were treated with anhydrous
magnesium sulfate, filtered, and evaporated. The residue was purified by
chromatography on silica gel using ethyl acetate and hexanes to afford a pure
S-alkyl-4-N-alkylaminopyrimidine. '

Method TT
E 2 N [5_!" !-4—M-!l ] . . r. .!. m e! In
A suspension of 5-aikyl—4—N—alkylamino—6-chloropyrimidine (1.0 eq),
sodium acetate (10.0 eq), and zinc powder (20.0 eq) in a 9:1 mixture of
acetic acid and water was stirred vigorously at 40°C for 72 h, at which point

TLC indicated partial consumption of the 5-alkyl-4-N-alkylamino-6-

- chloropyrimidine. The supemétant solution was decanted from remaining

zinc and evaporated. The residue was partitioned between ethyl acetate and
saturated sodium bicarbonate, and the organic extracts were treated with
anhydrous magnesium sulfate, filtered, and ei'aporated.- The residue was
purified by. chromatography on silica gel using ethyl acetate and hexanes to |
afford a pure 5-alkyl-4-N-alkylaminopyrimidine.
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Method UU
Preparation of

To a 0°C suspension of L-tyrosine fert-butyl ester (Bachem, 1.0 eq) and
sodium bicarbonate (2.0 eq) in a 1:1 mixture of THF and water was added
slowly with stirring benzyl chloroformate (1.1 eq). After the addition, the
mixture was stirred at 0°C for 3 h'and at room temperature for 24 h. The
mixture was diluted with diethyl ether, and the aqueous layer was separated.
The organic extracts were washed with saturated sodium chloride, treated
with anhydrous magnesium sulfate, filtered, and evaporated to afford N-
benzyloxycarbonyl-L-tyrosine fert-butyl ester of sufficient purity for

immediate conversion of the tyrosine hydroxyl into a carbamate.

Method VV
Preparation of

A mixture of N-benzyloxycarbonyl-L-tyrosine ferz-butyl ester (1.0 eq),
4-dimethylaminopyridine (1.0 eq), triethylamine (1.5 eq),
dimethylcarbamyichloride (1.2 eq), and dichloromethane was heated to 37°C
for 16 h. The mixture was diluted with additional dichloromethane and
washed sequentially with 1.0 M potassium bisuifate, water, saturated sodium
bicarbonate, and saturated sodium chloride. The organic extracts were
treated with anhydrous magnesium sulfate, filtered, and evaporated to afford
N—benzyloxycarbonyl-L-4~(N,N—dimethylcari:amyloxy)phenyialanine tert-
butyl ester as a white solid of sufficient purity for immediate conversion to L-
4-(N, N-dimethylcarbamyloxy)phenylalanine zerz-butyl ester.

PCT/US00/01686
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Method WW

Preparation of

[ -4-(N.N-Dimethylcarbamyloxy)phenylalarine

A suspension of N-benzyloxycarbonyl-L-4-(N, N-
dimethylcarbamyloxy)phénylaianine tert-butyl ester and an equal mass of
10% palladium on carbon in methanol was shaken under 55 psi hydrogen gas
for 1 h, at which point TLC indicated consumption of the N- |
benzyloxycarbonyl-L—4-(MN—dimethy1carbamjrloxy)phen’ylalanine tért-butyl
ester. The mixture was filtered through Celite and evaporated to afford L-4-
(N,-N—dimethylcarbamyloxy)-phenylalanine tert-butyl ester of sufficient purity

for immediate use in reactions with chloropyrimidines.

Method XX
Preparation of

~ To a stirred solution maintained at 0°C of N-benzyloxycarbonyl-L-
tyrosine ferr-butyl ester (1.0 eq) and triethylamine (2.5 eq) in
dichloromethane was added 4-nitrophenyl chloroformate (1.0 eq). The

~ mixture was stirred for 30 min at 0°C, and then l-methylpiperazine (1.5eq)

was added, and then the mixture was stirred for 2 h while warming to room
temperature. The mixture was diluted with ethyl acetate and washed five
times with 10% potassium carbonate and once with saturated sodium
chloride. The organic extta_cts were treated with anhydrous magnesium
sulfate, filtered, and evaporated to afford Nébeniyloxycarbonyl-L-4-(4-
methylpiperazin-l-ylcarbonyloxy)phenylalaniné tert-butyl jéster of sufficient
purity for immediate conversion to L-4-(4-methylpiperazin-1-

ylcarbonyloxy)phenylalanine zerz-butyl ester.

PCT/US00/01686
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Method YY
Preparation of

S-{a-VICtRYIDIperazin- 1 ~yicarponyoxvipnenviaianine {er7-n £ AceN
A suspension of N-benzyloxycarbonyl-L-4-(4-methylpiperazin-1-
ylcarbonyloxy)-phenylalanine zerz-butyl ester and an equal mass of 10%
palladium on carbon in methano! was shaken under 55 psi hydrogen gas for 1
h, at which point TLC indicated consumption of N-benzyloxycarbonyl-L-4-
(4-methylpiperazin-1-ylcarbonyloxy)phenylalanine zerz-butyl ester. The
mixture was filtered through Celite and evaporated to afford L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine zerz-butyl ester of sufficient

purity for immediate use in reactions with chloropyrimidines.

_ Method ZZ
tert-Butyl] Ester Cleavage Procedure IV
The tert-butyl ester was dissolved in 96% formic acid and heated to
40°C for 16 h, at which point TLC indicated consumption of the rert-butyl
ester. The mixture was evaporated under a stream of air to give a residue,
which was stored under high vacuum for 72 h to afford the pure carboxylic

acid.

5-Nitrouracil was treated with phosphorus oxychloride and N, N-
dimethylaniline, according to the procedure of Whittaker (J. Chem. Soc.
1951, 1565), to give 2,4-dichloro-5-nitropyrimidine as an orange oil, which
was used without distillation immediately in the next step.
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Method BBB

_ Preparation of

tert-Buty] Ester _

To a stirred solution of L-4#(N,N-dimethylcarbamyloxy)phenylalanine
tert-butyl ester'(6.38 g, 20.69 mmol) and MN-diisopropylethylamine (5.40
mL, 4'.01' g, 31.03 mmol) in 70 mL CH,Cl, at 0°C, was added a solution of
2,4-dichioro-5'-nitropyrimidine (3.25¢g, 20.69 mmol) in 70 mL of CH,Cl,, at
such a rate the temperature did not exceed 10°C. After the addition, the

mixture was stirred at 0-10°C for 15 minutes, at which point TLC indicated

| conversion of 2,4-dichloro-5-nitropyrimidine. To the mixture were added

100 mL 1 M KHSO, and 200 mL diethyl ether. The organic layer was
separated, washed (H,O, sat. NaHCO,, and sat. NaCl), dried (MgSO,),
filtered, and evaporated to giVe N-(2:chloro-5-nitropyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine zert-butyl ester (9.52 g, 20.45 mmol,

99%) as an orange oil, which was used immediately in the next step.

Method CCC
Preparation of

tert-Buty] Ester |
A mixture of N-(2-chloro-5-nitropyrimidin-4-yl)-L-4-(N, N-

dimethylcarbamyloxy)-phenylalanine rert-butyl ester (9.52 g, _20.45 mmol),
Degussa-type 20% palladium on carbon (9.52 g), NaHCO, (8.59 g, 102.2
mmol), and 165 mL MeOH was shaken under 55 psi H, for 16 h, at which
point TLC indicated conversion of N-(2-chloro-5-nitropyrimidin-4-yl)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine rerz-butyl ester into a single
product. The mixture was filtered through Celite, and the filtrate was

evaporated to give a residue, which was dissolved by addition of 150 mL
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EtOAc and 75 mL H,0. The organic layer was separated, washed (sat.
NaCl), dried (MgSO,), filtered, and evaporated to give N-(5-aminopyrimidin-
4-y1)-L-4-(N,N-dimethylcarbamyloxy)phenylalanine ferz-butyt ester (7.14 g,
17.79 mmol, 87%) as an orange solid, which was used immediately in the

next step.

Method DDD

Preparation of

AldilIc

[nyicaroam

Jime

To a stirred solution of N-(5-aminopyrimidin-4-yl)-L-4-(N,N-

dimethylcarbamyloxy)-phenylalanine fers-butyl ester (1.00 g, 2.49 mmol) in
10 mL anhydrous pyridine at 0°C, was added in portions 4-
toluenesulfonylchloride (0.474 g, 2.49 mmol). After the addition, the
resulting red solution was stirred at 0°C for 3 h, at which point TLC
indicated nearly complete conversion of N-(5-aminopyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine terz-butyl ester. To the mixture was
added 3-dimefhy1aminopropylamine (0.325 mL, 0.264 g, 2.49 mmol), and
the mixture was stirred for 30 min while warming to room temperature. The
mixture was poured into 100 mL 1 M KHSO,, and extracted with 150 mL
EtOAc. The organic layer was washed (2 x 1 M KHSO,, H,0, sat.
NaHCO,, sat. NaCl), dried (MgSO,), filtered, and evaporated to give a
brown residue, which was purified by flash chromatography using
EtOAc/hexanes on silica gel, to give N-(5-(N-4-
toluenesulfonylamino)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine rert-butyl ester (1.01 g, 1.81 mmoli,

73%) as a clear oil.
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‘Method EEE

-~ Preparation of -

To a stirred two-phase mixture of 45 mL 1 M NaOH and 25. mL diethyl
ether at 0°C, was added in.porti_on"s 1-methyl-3-nitro-1-nitrosoguanidine
(1.33 g, 9.05 mmol). After stirring for 25 min, at which point evolution of
N, had subsided, the bright yellow solution of diazomethane in diethyl ether
was transferred by pipette to a stirred solution of N-(5-(N-4-
toluenesulfonylamino)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine terz-butyl ester (1.01 g, 1.81 mmol) in
15 mL diethyl ether and 15 mL CH,Cl, at 0°C. After stirring for 15 min, at
which point TLC indicated complete conversion of N-(5-(N-4-

tdluenesulfonylamino)pyrimidin—4~yl)—L-4—(N,N—

dimethylcarbamyloxy)phenylalanine zerz-butyl ester, excess AcCOH was added
to destroy unreacted diazomethane. The mixture was diluted with 100 mL
diethy] ether, Washed (2 x sat. NaHCO;, sat. NaCl), dried (MgSO,), filtered
and eVaporated to give a yellow residue, which was purified by flash
chromatography using EtOAc/hexanes on silica gel, to give N~(5-(N-methyl-
N-4-toIuenesulfonylamino)pyrimidin—4-yl)-L—4—(MN-
dimethylcarbamylbxy)phenylalanine tert-butyl ester (0.846 g,_ 1.48 mmol,

82%) as a clear oil.

Method FFF
o, . (N ALY
The appropriate amine (1.0 eq) was added to a 0°C solution of diethyl
bromomalonate (1.0 eq) and N, N-diisopropylethyl amine (1 .1 eq) in ethanol.
The mixture was stirred and allowed to warm room temperature. After 16

hours, the reaction mixture was concentrated and the residue was suspended
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in ethyl acetate and sat. NaHCOQ,. The organic portion was washed with sat
NaHCO,, brine, dried (MgSO,) filtered and concentrated to yield the diethyl
2-(N, N-dialkylamino)malonate, of sufficient purity for immediate conversion

to a 5-(N, N-dialkylamino)-4,6-dihydroxypyrimidine.

Method GGG

A suspension of a diethyl 2-(V, N-dialkylamino)malonate (1.0 eq),
formamidine acetate (1.10 eq.) and 25% sodium methoxide in methanol (3.3
eq) was heated to 65°C for 3.5 hours. The reaction mixture was cooled and
diluted with water. The mixture was acidified to pH = 4.5 by addition of
dilute HC1. The resulting precipitate was collected by filtration, washed with
water, and dried under vacuum to afford a 5-(N, N-dialkylamino)-4,6-
dihydroxypyrimidine of sufficient purity for immediate conversion to a 5-
(N, N-dialkylamino)-4,6-dichloropyrimidine. Alternatively, the acidified
solution was evaporated to give a solid residue, which was extracted with
boiling ethanol. The ethanol extracts were filtered and concentrated to give a
residue, which was recrystallized from isopropyl alcohol to afford a 5-(V, N-
dialkylamino)-4,6-dihydroxypyrimidine of sufficient purity for immediate
conversion to a 5-(N,N-dialkylamino)-4,6-dichloropyrimidine.

Method HHH

suspended in POCl, (15.0 eq), and the mixture was heated to reflux for 16
hours. Then the mixture was cooled and carefully poured into a suspension
of ethyl ether and aqueous K,CO,. The organic portion was washed with
brine, dried (MgSO,), filtered and concentrated to yield a 5-(N,N-
dialkylamino)-4,6-dichloro-pyrimidine of sufficient purity for immediate

reaction with alkylamines.
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Method I

Preparation of

A 5-(N, N-dialkylamino)-4,6-dichloropyrimidine (1 .O-eq)_,
L-4-(N,N—d-img:thyicarbamyloxy)phenylalanine_tert-butyl ester (1.5 eq) and
N, N-diisopropyl ethylamine (1.5 eq) were dissolved in ethanol and heated to
120°Cin -a sealed tube for 72 h. The cooled reaction mixture was
concentrated, and the residue dissolved in ethyl acetate. The ethy! acetate |
solution was washed with 0.2 N citric acid, water, saturated NaHCO,, brine,
dried (MgSO,), filtered and concentrated. The residue was purified by silica
gel chromatography using ethyl acetate/hexanes to.afford the 4-(N-
alkylamino)-S-(N,N-dialkylamino)—6-ch_loropyrimidine. -

Method JJJ

A 4-(N-Alkylamino)-5-(N, N-dialkylamino)-6-chloropyrimidine (1.0 eq),
an equal mass of 10% palladium on carbon. and NaHCO; (5.0 eq) were
suspended in rhethanol. The reaction mixture was hydrogenated at 45 psi
hydrogen for 16 hours and then filtered throligh a pad of Celite. The filtrate

was concentrated, and the residue was dissolved in ethy] acetate. The ethyl

acetate solution was washed with water, brine, dried (MgSO,), filtered and -

concentrated to yield an oil. The oil was purified by column
chromatorgraphy on silica gel using ethyl actate and hexanes to afford a pure

4-(N-alkylamino)-5-(N, N-dialkylamino)pyrimidine.

Method KKK
cedure
To an ethyleneglycol dimethyl ether solution of
tetrakis(triphenylphosphine) palladium (0.04 eq) was added N-(5-bromo-2-
chloro-pyrimidin-4-yl)-L-4-(N,N-dimethylcarbamyloxy)phenylalanine terz-



WO 00/43372

10

15

20

25

30

PCT/US00/01686
~ 179 -

butyl ester (1.5 eq.). After stirring for approximately ten minutes o-
tolylboronic acid (1.5 eq) and 2M Na,CO, (2.0 eq) were added, and the
reaction flask was evacuated and flushed with nitrogen gas. The reaction was
heated tp reflux for four hours. The reaction mixture was then cooled and
diluted with water and methylene chloride. The organic phase was
separataed and washed with brine, dried (MgSQ,), filtered and concentrated.
The residue was purified by silica gel chromatography using ethyl

acetate/hexanes to afford the desired product.

Method LLL

Preparation of

er Hyd id

Excess HCI gas was added with stirring to a suspension of L-

phenylalanine or L-tyrosine in excess isopropanol. The -mixture was heated
to reflux for 16 h, and then the volatiles were evaporated under vacuum to
give L-phenylalanine isopropyl ester hydrochloride or L-tyrosine isopropyl

ester hydrochlbride of sufficient purity for immediate use.

Method MMM

The bromopyrimidine was dissolved in isopropyl alcohol to which was
added 10% palladium on carbon. The reaction was hydrogenated at 45 psi
hydrogen. Filtration and concentration of the filtrate yielded the desired
dehalogenated pyrimidine.

Method NNN

A 2-chloropyrimidine was dissolved in isopropy! alcohol to which was
added diisopropylamine. The reaction was heated in a sealed tube for ten
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days at 130°C. The cooled reaction _'mixtu_re was concentrated, and the
product purified via silica gel column chromatography to yield the 2-

isopropoxypyrimidine.

* Method 000
Heck Reaction Procedure Il |

Toa dioxane/triethyiamine (1:1 by volume) solution of the N-(5- |
iodopyridin—4-yl)—L-4~(N,N-diﬁxethylcarbamyloXy)phenylalanine isopropyl
ester (1.0 eq), triphenylphosphine (0.05 eq), copper (I) iodide (0.2 eq) was
added phenylacetylene (4.0 eq). After flushing the solution for ten minutes
with nitrogen gas, dichlorobis(triphenylphosphine)palladium (0.10 eq) was
added, and the resulting reaction mixture heated to 50°C for 16 hours. The
reaction mixture was then diluted with ethyl acetate and water, and the
organic portion was washed with 0.2 N citric acid, water, saturated NaHCO,,
brine, dried (MgSO,), filtered and concentrated. The residue was
chromatographed on a silica gel column using ethyl acetate/hexanes to afford

the desired product.

Method PPP
- Preparation of

N—[S-iodopyrinﬁdin#-yl]—M(N ,N-dimethyicarbamyloxy)phcnylalanine
tert-butyl ester (123 mg, 0.2 mmol) was diluted in dry DMF (5 mL) under ~ -
nitrogen with KOAc (3.0 eq, 73 mg), bis(pinacolato)diboron (1.1 eq, 63 mg),
and a catalytic amount of [1,1'-bis(diphenylphosphino)-

ferrocenejdichloropalladium (II) 6omplex with dichloromethane (1:1). The
reaction was heated for 2 hours at 100°C. To this was added, K3PO4 (2.0
eq, 105 mg), iodobenzene (2.0 eq, 0.056 mL) and an additional catalytic
amount of [1,1'-bis(diphenylphosphino)-ferrocene] dichloropalladium (II)
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complex with dichloromethane (1:1). The reaction mixture was stirred
overnight at 100°C. EtOAc was added and the organic layer washed with
brine, dried over MgSO4. Upon filtration, and evaporation of the solvent
under reduced pressure, the crude material was eluted on column
chromatography (silica gel) with EtOAc/hexanes 1:1. The desired material

was isolated in good yields.

Method QQQ
ti -Amino-3-Chl
A mixmwre of 2,3-dichlorepyrazine (Lancaster) and ammonium hydroxide
was heated in a sealed tube at 100°C for 24 h resulting in a white precipitate.
The precipitate was collected by filtration and dried under vacuum to afford
2-amino-3-chloropyrazine of sufficient purity for immediate conversion to 2-

chloro-3-nitropyrazine.

Method RRR
The method (p. 1638) of Hartman et al. (J. Med. Chem. 1984, 27(12),
1634-1639) was employed to convert 2-amino-3-chloropyrazine into 2-chloro-

3-nitropyrazine of sufficient purity for immediate use.

Method SSS

dialkylamine in THF was allowed to stand for 16 h. The mixture was diluted
with ethyl acetate and then washed with pH = 4.5 citrate buffer and saturated
sodium chloride. The organic extracts were treated with anhydrous
magnesium sulfate, filtered, and evaporated to give a residue, which was
purified by chromatography on silica gel using ethyl acetate and hexanes.

PCT/US00/01686
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Method TTT

To a stirred solution (DMF, 66 tﬁL) of N-Boc-L-(p-iodo)phenylalanine
methyl ester (13.2 g, 32.7 mmol) prepared according to the procedure of
Schwabacher et al., J. Org. Chem. 1994, 59, 4206-4210) was added
Pd(PPhy), (0_;0_3 qu, 1.13 g, 1 mmol). The solution was stirred for 10 min
and then 2,6-dimethoxyboronic acid (1.2 eq, 7.1 'g, 39 mmol) and K,PO, (1.5
eq, 10.4 g, 49 mmol) were added. The ré_action flask was evacuated and

flushed with nitrogen. This process was repeated twice and the reaction

-mixture was then heated to 100°C under a stream of nitrogen for about 3.5 h

at which time TLC showed the reaction to be cbmplete 4.5:1

_hexanes:EtOAc, R; = 0.2, UV active). The reaction mixture was cooled and

partitioned between water and ethyl acetate (200 mL each). The organic
portion was washed with 0.2N citric acid (3 X 100 mL), brine (1 X 100
mL), dried (MgSO,), filtered and stripped to a thick reddish oil, about 13 g.
The resulting product was chromatographed on silica gel eluting with 4.5:1
hexanes/EtOAc, R, = 0.2. The combined fractions were stripped and treated
with methanol saturated with HCI to yield the title intermediate as the

hydrochloride salt.

Example 1
Synthesis of
N-(2-Chloro-5-nitropyrimidin-4-yl)-L-4-(N,N-
" dimethylcarbamyloxy)phenylalanine

Step A - ot . _5pit .
5-Nitrouracil (Aldrich Chemical Company) was treated with
phosphorous oxyéhldridé and N, N-dimethylaniline according to the procedure
described in Whittaker, J. Chem. Soc. 1951, 1565, to give 2,4-dichloro-5-
nitropyrimidine as an orange oil which was used without distillation

immediately in the next step.
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To a stirred solution of L-4-(¥,N-dimethylcarbamyloxy)phenylalanine
tert-butyl ester (6.38 g, 2069 mol) and N, N-diisopropylethylamine (5.40 mL,
4.01 g, 31.03 mol.) in 70 mL CH,C}, at 0°C, was added a solution of 2,4-
dichloro-5-nitropyrimidine (3.25 g, 20.69 mol.) in 70 mL CH,Cl, at such a
rate that the temperature did not exceed 10°C. After the addition, the
mixture was stirred at 0-10°C for 15 minutes, at which point TLC indicated
conversion of the starting materials. To the mixture were added 100 mL 1 M
KHSO, and 200 mL diethy! ether. The organic layer was separated, washed
(H,0, sat. NaHCO,, and sat. NaCl), dried (MgSO,), ﬁltered', and evaporated
to give the title compound (9.52 g, 2045 mol., 99%) as an orange oil.

Step C -

The title compound was prepared by hydrolysis of the product from Step
B using the procedure of Example 5.

Example 2

Synthesis of
N-{5-(N-4-Toluenesulfonylamino) pyrimidin-4-yl}-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine fert-Butyl Ester

A mixtre of N-(2-chloro-5-nitropyrimidin-4-yI)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine zerz-butyl ester {9.52 g, 20.45 mol),
Degussa-type 20% palladium on carbon (9.52 g), NaHCO; (8.59 g, 102.2
mol), and 165 mL MeOH was shaken under 55 psi for 16 h, at which point
TLC indicated conversion of the starting material into a single product. The
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mixture was filtered through. Celite; and the filtrate: was evaporated to give a °
residue, which Wés dissolved by addition of 150 mL EtOAc and 75 mL HO. "
The organic layer was separated, washed (sat. NaCl), dried (MgSO,),
filtered, alid evapdrated to give the title intermediate (7.14 g, 17.79 mol,

5 87%) as an orange solid, which was used immediately in the next step.

StepB- ion of N-[5-(N-4-Tol X
amino )pyrimidin—4-yl|—L—4_-( N.N- _ '
dimethylcarbamyloxy)phenylalanine terr-Butyl Ester

10
Toa stirred solution of the pfoduct from Step A (100 g, 2.49 mol) in 10
th' anhydrous pyridine at 0 °C, was added in portions 4-toluenesulfonyl
chloride (0.474 g, 2.49 mol). After the addition, the resulting red solution |
vgﬁs stirred at 0 °C for 3 h, at which .point TLC indicated nearly complete.
15 conversion of the starting material. To the mixture was added 3-

dimethy.laminopropylamine (0.325 mL, 0.264 g, 2:49 mol), and the mixture e
Was stirred for 30 min while warming to room temperature. The mixture was
poured into 100 mL 1 M KHSO,, and extracted wit_h 150 mL EtOAc. The -
organic layer was washed (2 x 1 M KHSQ,, H,0, sat. NaHCO,, sat. NaCl),

20 dried -(MgSO,,), ﬁltered, and evaporated to give a brown residue, which was
purified by flash chromatogréphy using EtOAc/hexanes on silica gel, to give
the title gompound_ (1.01 g, 1.81 mol., 73%) as a clear oil.

Example 3

25 - Synthesis of

N-[5-(N-4-Toluenesulfonylamino)pyrimidin-4-ylJ-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine

The title compound was prepared by hydrolysis of N-[5-(N-4-
30 toluenesulfonylamino)pyrimidin-4-yI}-L-4-(N,N-dimethylcarbamyloxy)-

phenylalanine zerz-butyl ester using the procedure of Ex'ample ‘5.
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Example 4

Synthesis of
N-[5-(N-Methyl-N-4-toluenesulfonylamino)pyrimidin-4-y1]-L-4-(NV,N-
dimethylcarbamyloxy)phenylalanine ferz-Butyl Ester

To a stirred two-phase mixture of 45 mL 1 M NaOH and 25 mL diethyl
ether at 0°C, was added in portions 1-methyl-3-nitro-1-nitrosoguanidine
(1.33 g, 9.05 mol). After stirring.for 25 min, at which point evolution of N,
had subsided, the bright yellow solution of diazomethane in diethyt ether was
transferred by pipette to a stirred solution of the product of Example 2 (1.01
g, 1.81 mol) in 15 mL diéthyl ether and 15 mL CH,Cl, at 0°C. After stirring
for 15 min, at which point TLC indicated complete conversion of the starting
material, excess AcOH was added to destroy unreacted diazomethane. The
mixture was diluted with 100 mL diethyl ether, washed (2 x sat. NaHCO,,
sat. NaCl), dried (MgSO,), filtered and evaporated to give a yellow residue,
which was purified by flash chromatography using EtOAc/hexanes on silica
gel, to give the title compound (0.846 g, 1.48 mol, 82%) as a clear oil.

Example 5

Synthesis of
N-[{5-(N-Methyl-N-4-toluenesulfonylamino) pyrimidin-4-yI]-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine

The product of Example 4 (0.400 g, 0.700 mol) was dissolved in 8 mL
96% formic acid, and the mixture was heated to 40°C for 16 h, at which
point TLC indicated conversion of the starting material. Most of the formic
acid was evaporated under a stream of N,, and then the residue was placed
under high vacuum for 48 h to give the title compound (0.382 g, 0.700 mol,
100%) as a clear oil.

Physical data were as follbws:

'H NMR (CD,0D): 6= 8.33 (bs, 1H), 8.07 (bs, 1H), 7.64 (d, J = 8.1
Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 7.36 (bs, 1H), 7.29 (bs, 2H), 6.99 (,
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J= 1.5 Hz, 2H), 5.07-4.96 (m, 1H), 3.42-3. 31 (m 1H), 3.25-3.15 (m, lH),
3.08 (s, 3H), 3.05 (bs, 3H), 2.96 (s, 3H), 2.44 (s, 3H).

3C NMR (CD,0D): 5= 174.7, 174.6, 164.6, 157.8, 156. 8 152.9.,
152.1, 146.5, 135.4, 135.1, 131.7, 131.3, 1294 123.2, 1229 55.8,38.2,
37.1, 36.8, 36.7, 21.5.

Using the appropriate starting materials and reagents, the following
additional compounds were prepared: |

N-[5~(N, N-Di-4-toluenesulfonylamino)pyrimidin-4-yl}-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine (Example 6);

N-[5-[N-(1-N"- Methylpyrazol-4~ylsulfonyl)-N-methylammo]pynmxdm—4~
ylJ-L-4-(N,N-dimethylcarbamyloxy)phenylalanine (Example 7);

N-[5-(N-Methyl-N-4-toluenesulfonylamino)pyrimidin-4-y1}-L-4-(V,N-
dimethylcarbamyloxy)phenylalanine isopropyl ester (Example 8);

N-[5-(N-Methyl-N-3-pyridylsulfonylamino)pyrimidin-4-y1}-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine terr-butyl ester (Example 9); and

Example 10

Synthesis of
N-(S-(N-Methyl-N-(l-butylpyrazol-4-yl)sulfonylammo)pynmndm-4—yl)-L-
" 4-(N,N-dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert—butyl ester (Bachem) wés Seqlientially converted via
Methods UU, VV and WW into L-4~(N N—dunethylcarbamyloxy)—
phenylalanme tert-butyl ester. S-Nltrouracxl (Aldrich) was converted via
Method AAA into 2 4—d1chloro-5-mtropyrumdme L-4-(N,N- _
Dunethylcarbamyloxy)-phenylalamne tert-butyl ester and 2,4-dichloro-5-
nitropyrimidine were coupled via Method BBB, and the product of this
coupling was sequentlally converted via Methods CCC DDD (using 1-butyl-
4-chlorosulfonylpyrazole), EEE and ZZ to give the title compound.
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Physical data were as follows:

'H NMR (CD;OD ): & = 8.35 (s, 1H), 8.14 (s, 1H), 7.76 (s, 1H),
7.61 (bs, 1H), 7.23 (bs, 2H), 6.98 (d, 2H), 5.01-4.94 (m, 1H), 4.19 (t, 2H),
3.40-3.28 (m, 1H), 3.26-3.14 (m,1H), 3.09 (s, 3H), 3.06 (bs, 3H), 2.96
(s, 3H), 1.84 (pent., 2H), 1.29 (sext., 2H), 0.945 (t, 3H).

Example 11

Synthesis of
N-(5-(2,4-Dimethoxypyrimidin-S-yl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine ters-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine ters-butyl ester. 4(3H)-pyrimidinone (Aldrich) was
sequentially converted via Methods N and O into 4-chloro-5-iodopyrimidine.
L-4-(N, N-dimethylcarbamyloxy)phenylalanine terz-butyl ester and 4-chloro-5-
iodopyrimidine were coupled via Method P, and the coupled product was
reacted with 2,4-dimethoxypyrimidin-5-y! boronic acid (Frontier Scientific,
Inc.) via Method S. The product of this coupling was converted via Method

KK to give the title compound.

Example 12

Synthesis of :
N-(5-(2,6-Difluorophenyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine zert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(V, N-dimethylcarbamyloxy)-
phenylalanine fers-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was
sequentially converted via Methods N and O into 4-chloro-5-iodopyrimidine.
L—4—(N,N-Dimethylcarbamyloxy)phénylalanine tert-butyl ester and 4-chloro-
5-iodopyrimidine were coupled via Method P, and the coupled product was
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reacted with 2,6—diﬂuor9phenyl boronic acid (Lancaster Synthesis) via

Method R. The product of this coupling was converted via Method HH to

- give the title compound.

Example 13

_ _ Synthesis of _
N-(5-(2-Hydroxymethylpheny)) pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine
L-Tyrosine tert-butyl ester (Bachem) was s_equeniially converted via
Methods UU, VV and WW into L-4-(, N-dimethylcarbamyloxy)-
phenylalanine ferz-butyl ester. 4(3H)—Pyrimidindne '(Aldri'ch) was
sequentially converted via Methods N and O into 4_-chIorp-S-iodopyrimidine.

L-4-(N, N-dimethylcarbamyloxy)phenylalanine zerz-butyl ester and 4-chloro-5-

‘jodopyrimidine were coupled via Method P, and the coupled product was

reacted with 2-'(hydroxymeth)?l)phenyl boronic acid (Lancaster Synthesis) via
Method Q. The product of this coupling was converted via Method HH to

give the title compound.

Example 14

Synthesis of
N-(2-(N-Cyclohexylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester (Bachem) was seqﬁentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-

| phenylalanine terz-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-

phenylalanine tert-butyl ester and 5—br6mo—2,4—dichloropyrhnidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with

cyclohexylamine (Aldrich) via Method CC to give a product that was coupled
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with -o-tolyl boronic acid (Aldrich) via Method DD. The product of this
coupling was converted via Method ZZ to give the title compound.

Physical data were as follows:

'H NMR (CDCL): & = 9.68 (s, 1H), 7.3 - 6.8 (m, 9H), 6.35 (m, 1H),
4.73(m, 1H), 3.81 (bs, 1H), 3.6 - 3.0 (m, 2H), 3.09 (s, 3H), 3.0 (s, 3H),
2.18 (s, 1.5H), 1.94 (s, 1.5H), 2.1 - 1.1 (m, 10H).

BC NMR (CDCL): & = 176.11, 175.94, 160.05, 159.79, 154.76,
153.58, 150.05, 150.01, 139.26, 137.84, 137.63, 134.29, 134.15, 130.66,
130.36, 130.11, 129.14, 126.70, 126.41, 121.25, 109.57, 109.39, 56.84,
56.35, 50.15, 36.55, 36.32, 32.34, 31.99, 25.41, 24.86, 19.48, 19.27.

Example 15

Synthesis of
N-(2-(N-Methyl-N-(1-methylpiperidin-4-yl)amino)-5-(2-tolyl) pyrimidin-4-
yD-L-4-(N, N-dimethylcarbamyloxy)phenylalanine
L-Tyrosine terr-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-{N, N-dimethylcarbamyloxy)-
phenylalanine fert-butyl ester. L-4-(N, N-Dimethylcarbamyloxy)-
phenylalanine ferr-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
I-methyl-4-(N-methylamino)piperidine (Aldrich) via Method CC to give a
product that was coupled with o-tolyl boronic acid (Aldrich) via Method DD.
The product of this coupling was converted via Method ZZ to give the title
compound.
Physical data were as follows:
'H NMR (CDClL): & = 8.82 (s, 2H), 8.43 (s, 1H), 7.62 (s, 1H),

.7.30 - 6.90 (m, 8H), 5.42 (br, 1H), 4.66 (br, 2H), 3.60 - 2.8 (m, 15H),

2.66 (bs, 3H), 2.32 (br, 2H), 2.18 (s, 1.5H), 1.82 (brs, 3.5H).

PCT/US00/01686
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Example 16

Synthesis of
N-(2-(N-Ethyl-N-|sopropylammo)-s-(z-tolyl)pynmldm-4-yl) -L-4-(N,N-
‘dimethylcarbamyloxy)phenylalanine

Tyrosine tert-butyl ester (Bachem) was -séquemia'lly converted via
Methods UU, VV and WW into L-4-(N,N- dxmethylcarbamyloxy)—
phenylalamne tert-butyl ester. L-4-(N,N- Dlmethylcarbamyloxy)-
phenylalamne tert-butyl ester and 5-bromo-2 4-dxchloropyr1m1dme (Aldnch)
were coupled via Method BB. The product of this reaction was reacted with
N-ethyl-N-isopropylamine (Aldrich) via Method CC to give a product that
was coupled with o-tolyl boronic acid (Aldrich) via Method DD. The
product of this coupling was converted via Method ZZ to give the title
compound. | |

Physical data were as follows

'H NMR (CDCI,): 5 = 8.0 - 6.5 (br, 1H), 7.66 (s, O.SH); 7.62 (s,
0.5H), 7.3 - 6.8 (m, 8H), 6.2 (m, 'lH), 4.86 (br, 1H), 4.70 (m, 1H), 3.70 -
3.08 (m, 4H),.3.09 (s', 3H), 3.0 (s,. 3H), 2.14 (bs, 1.5H), 1.92 (bs, 1.5H),

1.4 - 0.9 (br, 9H).

3 C NMR (CDCL): & = 174.38, 174.19, 159.44, 159.16, 155 24,

154.68, 152.39, 150.02, 141.63, 137.77, 137.56, 134.30, 134.09, 130.79,

- 130.66, 130.54, 130.46, 130.41, 130.33, 130.08, 129.07, 126.54, 126.45,

126.38, 121.21, 121.16, 110.27, 110.01, 56.77, 56.36, 47.59, 36.80, 36.55,
36.32, 20.27, 20.18, 19.57, 19.38, 14.51.

.Example 17 -
Synthesis of
N-(5-(2,4-6-T_rimethylphenyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine
L-Tyrosine zert-butyl ester (Bachem) was sequentially converted via

Methods UU, VV and WW into L4-(V, N-dimethyicarbamyloxy)-
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phenylalanine zerz-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was
sequentially converted via Methods N and O into 4-chloro-5-iodopyrimidine.
L-4-(N, N-Dimethylcarbamyloxy)phenylalanine ferz-butyl ester and 4-chloro-
S-iodopyrimidine were coupled via Method P, and the coupled product was
reacted with 2,4,6-trimethylphenyl boronic acid (Frontier Scientific, Inc) via
Method R. The product of this coupling was converted via Method HH to
give the title compound. '

Physical data were as follows:

' H NMR (CD,OD): & = 8.68 (d, 1H), 7.95 (d, 1H), 7.10 (d, 2H),
7.09 - 6.95(m, 2H), 6.94 - 6.91 (m, 2H), 5.32 - 5.27 (m, 1H), 3.42 - 3.36
(m, 1H), 3.15 - 3.09 (m, 4H), 2.97 (s, 3H), 2.33 (s, 3H), 2.04 (s, 3H), 1.84
(s, 3H).

» CNMR (CD,0OD): & = 172.9, 163.5, 161.5, 161.0, 156.7, 152.0,
151.9, 142.6, 141.5, 138.9, 138.6, 135.3, 131.2, 130.4, 130.3, 126.5,
123.0, 120.3, 56.4, 36.7, 36.6, 36.5, 21.2, 19.9, 19.7.

Example 18

Synthesis of
N-(5-Isopropylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine ferr-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L4-(N, N-dimethylcarbamyloxy)-
phenylalanine rerz-butyl ester. Diethyl 2-isopropylmalonate (Aldrich) was
sequentially converted via Methods 00 and QQ into 4,6-dichloro-5-
isopropylpyrimidine. L-4-(N, N-Dimethylcarbamyloxy)phenylalanine terz-
butyl ester and 4,6—dichloro-S-isopropyipyrimidine were coupled via Method
RR, and the product of this coupling was sequentially converted via Methods
SS and ZZ to give the title compound.

Physical data were as follows:
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. 'HNMR (CD,0OD): & = 8.44 (bs, 1H), 7.94 (bs, 1H), 7.22 (ﬁ, 2H),

- 6.94(d, 2H), 5.12 (dd, 1H), 3.46 (dd, 1H), 3.19 (dd, 1H), 3.07 (s, 3H),

2.95 (s, 3H), 3.00 - 2.8 (m, 1H), 1.25 (d, 3H), 1.13 (d, 3H).

C NMR (CD,OD): & = 175.60, 165.74, 163.78, 156.91, 152.38,
151.85; 141.88, 136.30, 131.43, 126.17, 122.87, 57.84, 37.48, 36.81,
36.64, 26.63, 21.09, 20.94. |

Example 19
‘Synthesis of
N-(2-(N-Methyl-N-butylammo)-5-(2-tolyl)pyr|m|dm—4-y|)-L-4-(N N-
dlmethylcarbamyloxy)phenylalamne

L-Tyrosine fert-butyl ester (Bachem) was sequentially converted via

" Methods UU, VV and WW into L-4-(N, N- dlmethylcarbamyloxy)-

phenylalanine terz-butyl ester. L—4-(N,N-Dlmethylcarbamyloygy)-
phenylalanine zerz-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)

~ were coupled.via Method BB. The product of this reaction was reacted with

N-methyl-N-butylamine (Aldrich) via Method CC to give a product that was
coupled with o-toly! boronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.

Physical data were as follows: _

'H NMR (CDCL): & = 12.5-11.4 (br, 1H), 7.6 (s, 0.5H), 7.58
(s, 0.5H), 73-68(ni,8H) 6.3 (m, 1H), 4.7 (m, 1H), 3.7 - 2.9 (m, 4H),
3.08 (s, 3H), 3.01 (s, 6H), 2.13 (s, 1.5H), 1.91 (s, 1.5H), 1.57 (bs, 2H),
1.33 (m, 2H), 0.96 (t, 3H).

3C NMR (CDCl,): 6 = -174.21, 174.06, 159.37, 159.22, 154.69,
153.52, 169.99, 141.87, 137.77, 137.54, 134.43, 130.78, 130.59, 130.10,
128.98, 126.51, 126.32, 121.17, 121.11, 110-.20,'109.96,_ 56.82, 56.43,
50.03, 36.54, 36.32, 35.91, 29.27, 19.89, 19.52, 19.35, 13.84.

PCT/US00/01686



e e e T O e

WO 00/43372 PCT/US00/01686

10

15

20

25

30

193 --

Example 20

Synthesis of
N-(2-(N-Ethy}l-N-propylamino)-5-(2-tolyl) pyrimidin-4-yl)-L-4-(V, N-
dimethylcarbamyloxy)phenylalanine

Tyrosine fert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine zerz-butyl ester. L-4-'(N,N-Dimethylcarbamyloxy)-
phenylalanine ers-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
N-ethyl-N-propylamine (Aldrich) via Method CC to give a product that was
coupled with o-tolyl boronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.

Physical data were as follows:

'H NMR (CDCL): 8 = 11.0 - 9.5 (br, 1H), 7.66 (s, 0.5H), 7.64
(s, 0.5H), 7.4 - 6.8 (m, 8H), 6.28 (m, 1H), 4.65 (m, 1H), 3.70 - 2.80 (m,
6H), 3.09 (s, 3H), 3.01 (s, 3H), 3.01 (s, 3H), 2.2 (s, 1.5H), 1.85 (s, 1.5H),
1.58 (bs, 2H), 1.05 (bs, 3H), 0.85 (bs, 3H).

» C NMR (CDChL): & = 174.26, 174.11, 159.36, 159.11, 154.70,
153.07, 149.96, 142.43, 137.80, 137.56, 134.54, 134.37, 130.84, 130.74,
130.57, 130.14, 128.86, 126.47, 126.29, 121.10, 121.06, 110.01, 109.71,
56.86, 56.49, 49.62, 63.20, 36.55, 36.32, 20.87, 19.61, 19.41, 12.63,
11.03.

Example 21

Synthesis of
N-(2-(N, N-Diethylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine
Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine tert-butyl ester. L-4-(I\I,N-Dimcthylcarbamyloxy)-
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phenylalanine tért-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB The pmdnét of this reaction was reacted with -
N, N-diethylamine (Aldrich) via Method CC to give a product that was
coupled with o-tolyl boronic acid (Aldrich) via-Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.

Physical data were as follows:

'H NMR (CDCL): = 12.2 (br, 1H), 7.63 (s, 0.5H), 7.60 (s,
0.5H), 7.40 - 6.80 (m, 8H), 6.28 (m, 1H), 4.70 (m, 1H), 3.80 - 2.90 (m, '
6H), 3.06 (s, 3H), 2.98(s, 3H), 2.13 (s, 1.5H), 1.92 (s, 1.5H), 0.90 (s, 6H).

BC NMR (CDCL): 8 = 174.34, 174.15, 159.4, 159.1, 154.70,
152.66, 169.97, 142.06, 137.76, 137.55, 134.44, 134.27, 130.81, 130.57,
130.10, 128.95, 126.48, 126.32, 121.14, 121.08, 110.08, 109.80, 56.78,
56.37, 42.77, 36.53, 36.31, 19.57, 19.38, 12.77.

Example 22

Synthesis of
N-(2-(N-Methyl-N-ethylamino)-5-(2-tolyl) pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

Tyrosine terz-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalaniﬁe tert-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine terz-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich) -
were coupled via Method BB. The prodi:ct of this reaction was reacted with
N-methyl-N-ethylamine (Al?i‘rich) via Method CC to give é product that was
coupled with o-tolyl boronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.

Physical data were as follows: '

'H NMR (CDCL): & = 12.5 (br, 2H), 8.23 (s, 1H), 7.50 (s, 0.5H),
7.44(s, 0.5H), 7.30 - 6.80 (m, 8H), 6.10 (m, 1H), 4.75 (m, 1H), 3.58 (bs,

PCT/US00/01686
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2H), 3.30 (m, 1H), 3.00 (m, 1H), 3.08 (s, 3H), 3.00 (s, 3H), 2.93(s, 3H),
2.08 (s, 1.5H), 1.92 (s, 1.5H), 1.50 (s, 3H).

Y C NMR (CDCL): & = 174.63, 174.34, 165.72, 159.96, 159.72,
154.88, 152.62, 150.49, 150.45, 140.64, 137.90, 137.81, 133.83, 133.65,
131.03, 130.95, 130.85, 130.63, 130.10, 130.04, 129.76, 129.62, 126.88,
126.72, 121.70, 121.61, 110.69, 110.46, 56.65, 56.11, 45.16, 36.57, 36.35,

35.17, 19.38, 19.17, 11.96.

No Example 23

Example 24

Synthesis of
N-(5-Benzyloxypyrimidin-4-yl)-L-phenylalanine

Methyl 2-benzyloxyacetate (Aldrich) was sequentially converted via
Methods PP and QQ into 4-chloro-5-benzyloxypyrimidine. L-4-
phenylalanine ferz-butyl ester (Bachem) and 4-chloro-5-benzyloxypyrimidine
were coupled via Method RR, and the product of this coupling was converted
via Method ZZ to give the title compound.

Physical data were as follows:

'H NMR (CD,OD): & = 8.54 (s, formate), 8.03 (s, 1H), 7.67 (s,
1H), 7.37 - 7.31(m, 5H), 7.17 - 7.12 (m, 5H), 5.11 (s, 2H), 4.78 - 4.75
(m, 1H), 3.35 - 3.11 (m, 2H).

BC NMR (CD;OD) : & = 159.07, 143.16, 132.35, 130.64, 124.52,
123.94, 123.83, 123.59, 123.11, 122.00, 99.47, 66.28, 50.32, 32.05.
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Example 25
Synthesxs of
- N-(5-Benzyloxypyrimidin-4-yI)-L-4-(V, N-
5 dimethylcarbamyloxy)phenylalanine

L-Tyrosine fert-butyl ester (Bachem) was sequentially converted via

- Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)- |

10 .

15

20

phenylalanine fert-butyl ester. Methyl 2-benzylbxyacetate (Aldrich) was -
sequentially convertgd via Methods PP and QQ into 4-chloro-5-
benzyloxypyrimidine. L-4-(N, N-Dimethylcarbamyloxy)phenylalanine terz-
Bu_tyl ester and 4-chloro-5-benzyloxypyrimidine were coupled via Method

RR, and the product of this coupling was converted via Method ZZ to give

the title compound.

Example 26
Synthesns of
N-(S-(N—Methyl-N-4-toluenesulfonylammo)pynmldm-4-yl)-L-
phenylalanine

5-Nitrouracil (Aldrich) was converted via Method AAA into 2,4-

dichloro-5-nitropyrimidine. L-4-Phenylalanine tert-butyl ester (Bachem) and

30

35

2,4-dichloro-5-nitropyrimidine were coupled via Method BBB, and the
product of this coupling was sequentially converted via Methods CCC, DDD, o
EEE and ZZ to give the title compound. '

Example 27

Synthesis of - _
N-(5-(N-Methyl-N-3-pyridinesulfonylamine)pyrimidin-4-yl)-L-4-(N, N-.
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via

Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-

PCT/US00/01686
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phenylalanine ferr-butyl ester. 5-Nitrouracil (Aldrich) was converted via
Method AAA into 2,4-dichloro-5-nitropyrimidine. L-4-(N,N-
Dimethylcarbamyloxy)-phenylalanine ferz-buty! ester and 2,4-dichloro-5-
nitropyrimidine were coupled via Method BBB, and the product of this
coupling was sequentially converted via Methods CCC, DDD (using 3-
chlorosulfonylpyridine), EEE and ZZ to give the title compound.

Physical data were as follows:

'H NMR (CD,OD): 8 = 8.90 (d, 1H), 8.85 (d, 1H), 8.36 (s, 1H),
8.15 (d, 1H), 7.64 (dd, 1H), 7.53 (bs, 1H), 7.27 (bs, 2H), 6.99 (d, 2H),
5.04 - 4.87 (m, 1H), 3.40 - 3.28 (m, 1H), 3.26 - 3.16 (m, 1H), 3.13 (bs,
3H), 3.09 (s, 3H), 2.97 (s, 3H).

Example 28

' Synthesis of
N-(5-Phenylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylatanine zers-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was
sequentially converted via Methods N and O to 4-chloro-5-iodopyrimidine.
L-4-(N, N-Dimethylcarbamyloxy)phenylalanine tert-buty! ester and 4-chloro-
5-iodopyrimidine were coupled via Method P, and the coupled product was
reacted with phenyl boronic acid (Aldrich) via Method S. The product of this
coupling was converted via Method HH to give the title compound.

Physical data were as follows:

'H NMR (CD,0OD): 6 = 8.62 (s, 1H), 8.04 (s, 1H), 7.53 - 7.51 (m,
3H), 7.30 - 7.27 (m, 2H), 7.17 - 7.15 (m, 2H), 7.00 - 6.97 (m, 2H), 5.27 -
5.22 (m, 1H), 3.45 ~ 3.39 (m, 1H), 3.16 ~ 3.08 (m, 4H), 2.96 (s, 3H).

BC NMR (CD;0OD): & = 173.8, 163.7, 157.5, 152.8, 152.3, 142.4,
135.9, 132.2, 132.1, 131.8, 130.7, 123.9, 122.4, 57.7, 37.7, 37.5.
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Example 29

: Synthesis of '
N-(3-(N-Methyl-N-4-toluenesulfonylanuno)pyraz|n-2-yl)-L-4-(N N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tertébixtyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dlmethylcarbamyloxy)-
phenylalanine tert—butyl ester. 2,3-Dichloropyrazine (Lancaster) was
converted via Method QQQ and RRR into 2-chloro-3-nitropyrazine. L-4- -
(N, N-Dimethylcarbamyloxy)phenylalanine ferz-butyl ester and 2-chloro-3-
nitropyrazine were boupled via Method BBB, and the product of this coupling
was sequentially converted via Methods CCC, DDD , EEE and ZZ to give -
the title compound.

Physical data were as follows:

'H NMR (CD;OD): & = 8.07 (s, formate), 7.94 d, 1H), 7.59 d,
2H), 7.51 (4, 1H), 7.36 (d, 2H), 7.29 (d, 2H), 7.01 (d, 2H), 4.90 (m, 1H),
3.30 - 3.18 (m, 2H), 3:(_)8 (s, 3H), 2.96 (s, 3H), 2.94 (s, 3H), 2.43 (s, 3H).-

13 C NMR (CD,0OD): & = 177.07, 169.41, 158.64, 150.92, 147.23,
145.92, 139.97, 137.14, 133.12, 129.62, 128.90, 125.69, 124.67, 124.08,
116.86, 49.99, 31.67, 31.28, 30.77, 30.62, 15.46.

No Example 30

Example 31

Synthesis of
N-(5-(2,2,2-Trifluoroethyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine
L-Tyrosine tzert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N,N-dimethylcarbamyloxy)-
phenylalanine tert-butyl ester. 1-Trifluoromethanesulfonyloxy-2,2,2-
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trifluoroethane was sequentially converted via Methods LL, OO and QQ into
4,6-dichloro-5-(2,2,2-trifluoroethyi)pyrimidine. L-4-(N,N-
Dimethylcarbamyloxy)-phenylalanine terz-buty} ester and 4,6-dichloro-5-
(2,2,2-trifluoroethyl)pyrimidine were coupled via Method RR, and the
product of this coupling was sequentially converted via Methods SS and ZZ
to give the title compound.

Physical data were as follows:

'H NMR (CD,0D): & = 8.41 (s, 1H), 8.09 (s, formate), 8.06 (s,
1H), 7.24 (d, 2H), 6.96 (d, 2H), 5.06 (m, 1H), 3.60 - 3.40 (m, 2H), 3.37 -
3.11 (m, 2H), 3.08 (s, 3H), 2.96 (s, 3H).

13 C NMR (CD,OD): 3 = 169.35, 158.91, 156.43, 151.33, 150.97,
148.87, 145.76, 130.21, 125.27, 116.80, 50.80, 31.34, 30.75, 30.60,
26.65, 26.23.

Example 32

Synthesis of
N-(5-(N-Methyl-N-3-pyridinesulfonylamino)pyrimidin-4-yl)-L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine Isopropyl Ester

L-Tyrosine (Aldrich) was sequentially converted via Methods LLL,
UU, XX and YY into L-4-(4-methylpiperazin-1-ylcarbonyloxy)phenylalanine
isopropy! ester. 5-Nitrouracil (Aldrich) was converted via Method AAA into
2,4-dichloro-5-nitropyrimidine. L-4-(4-Methylpiperazin-1-
ylcarbonyloxy)phenylalanine isopropyl ester and 2,4-dichloro-5-
nitropyrimidine were coupled via Method BBB, and the product of this
coupling was sequentially converted via Methods CCC, DDD (using 3-
chiorosulfonylpyridine) and EEE to give the title compound.
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Example 33
| Synthesis of
N-(5-Benzylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine
L-Tyrosine terz-butyl ester (Bache_m) was s‘equentially converted via
Methods UU, VV and WW into L4-(N, N-dimethylcarbamyloxy)-
phenylalanine fert-butyl ester. Diethyl 2-ben2ylmaldna'te (Aldrich) was =
sequentially converted via Methods OO and QQ into 4,6-dichlbro-5-

‘benzylpyrimidine. L-4-(¥,N-Dimethylcarbamyloxy)phenylalanine t_ert-butyl- '

ester and 4,6-dichloro-5-benzylpyrimidine were coupled via Method RR, and
the product of this coupling was Sequentiélly converted via Methods SS and
ZZ to give the title compound. a

Physical data were as follows:

'H NMR (CDJOD): 0 = 8.41 (s, 1H), 8.13 (s, formate), 7.80 (s,
1H) 7.34 - 7.19 (m, 3H), 7.17 (4, 2H), 7.00 (d, 2H), 6.85 (d, 2H), 5.01 -
(m, 1H), 3.82 (m, 2H), 3.09 (s, 3H), 3.09 - 2.97 (m, 2H), 2.97 (s, 3H).

15 C NMR (CD,OD): & = 159.31, 156.23, 150.88, 148.07, 145.70,
141.38, 131.56, 129.81, 125.30, 124.21, 124.01, 122.37, 116.81, 51.35,
31.68, 30.78, 30.61, 28.28.

Example 34

L Synthesis of
N-(5-(N-Methyl-N-3-pyridinesulfonylamino)pyrimidin-4-yI)-L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine tert-Butyl Ester

- L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, XX and YY into L-4-(4-methylpiperazin-1-
ylcarbonyloxy)phenylalanine ferr-butyl ester. 5-Nitrouracil (Aldrich) was
converted yia Method AAA into 2,4-dichloro-5-nitropyrimidine. L-4-(4-
Methylpiperazin-1-ylcarbonyloxy)phenylalanine terz-butyl ester and 2,4-
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dichloro-5-nitropyrimidine were coupled via Method BBB, and the product of
this coupling was sequentially converted via Methods CCC, DDD (using 3-
chlorosulfonylpyridine) and EEE to give the title compound.

Example 35

Synthesis of
N-(5-(2-Trifluoromethylphenyl)pyrimidin-4-y))-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine ferz-butyl ester (Bachem) was sequentially converted via
UU, VV and WW into L4-(N, N-dimethylcarbamyloxy)phenylalanine zerz-
butyl ester. 4(3H)-Pyrimidinone (Aldrich) was sequentially converted via
Methods N and O to 4-chloro-5-iodopyrimidine. L-4-(V,N-
Dimethylcarbamyloxy)phenylalanine ferz-butyl ester and 4-chloro-5-
iodopyrimidine were coupled via Method P and the coupled product was
reacted with 2-triﬂuorométhylphenyl boronic acid (Aldrich) via Method Q.
The product of this coupling was converted via Method HH to give the title
compound.

Physical data were as follows:

'H NMR (CD,OD): & = 8.51 (s, 1H), 7.84 - 7.49 (m, 2H), 7.71 -
7.63 (m, 2H), 7.37 (d, 1H), 7.11 - 6.97 (m, 4H), 6.88 (d, 1H), 4.99 (s, 1H),
3.37 -3.19 (m, 1H), 3.14 - 3.02 (m, 4H), 2.97 (s, 3H).

B C NMR (CD,0OD): & = 175.7, 175.5, 165.6, 161.9, 161.7,
158.6, 157.6, 157.5, 153.3, 153.1, 152.6, 152.5, 136.4, 136.2, 135.0,
134.9, 134.5, 133.1, 132.2, 131.9, 131.7, 128.9, 128.7, 127.8, 124.3,

123.6.

No Example 36
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Example 37

Synthesis of :
N-(5-(2-N, N-Dimethylcarbamylethyl)pyrimidin-4-yl)-L-4-(N, N-
5 : dimethylcarbamyloxy)phenylalanine

L-Tyrosine fert-butyl ester (Bacheni) was sequenﬁally converted via
Methods UU, VV and WW into L_—4-(MN-dimethylcarbamyloxy)—
phenylalanine teft-bdtyl ester. 4(3H)-Pyrimidinone (Aldrich) was
10 sequentially converted via Methods N and O to 4-chloro-S-iodopyrimidine. -
L-4-(N, N-Dimethylcarbamyloxy)phenylalanine zers-buty! ester and 4-chloro-
S-iodopyrimidine were coupled via Method P and the coupled product was
reacted with diinethylacrylamide (Aldrich) via Method U. The product of this
reaction which was sequentially converted via Methods V and HH to give the
15 title compound. : |
Physical data were as follows:
'H NMR (CD,0D): & = 8.56 (s, 1H), 8.06 (s, 1H), 7.32 (d, 2H),
7.01 d, 2H), 5.35-5.30 (m, 1H), 3.56 - 3.49 (m; 1H), 3.23 - 3.18 (m,
1H), 3.11 (s, 3H), 3.02 (s, 3H), 2.99 (s, 3H), 2.97 (s, 3H), 2.88 (t, 2H),
20 265 2.
3 C NMR (CD,0OD): 6 = 174.5, 174.2, 152.7, 151.6, 142.6,
136.5, 132.0, 123.8, 121.0, 57.8, 38.4, 37.9, 37.5, 36.9, 32.2, 24.6.

25 ' Example 38

Synthesis of
N-(5-(N-Methyl-N-3-(1-methylpyrazole)sulfonylamino)pyrimidin-4-yl)-L-
4-(N, N-dimethylcarbamyloxy)phenylalanine Isopropyl Ester

30 _
L-Tyrosine (Aldrich) was sequentially converted via Methods LLL.,

UU, VV and WW into L-4-(V, N-dimethylcarbamyloxy)phenylalanine
isopropyl ester. 5-Nitrouracil (Aldrich) was converted via Method AAA into |
2,4-dichloro-5-nitropyrimidine. L-4-(NV, N-Dimethylcarbamyloxy)-

35 phenylalanine isopropy! ester and 2,4-dichloro-5-nitropyrimidine were
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coupled via Method BBB, and the product of this coupling was sequentially
converted via Methods CCC, DDD (using 1-methyl-3-
chiorosulfonylpyrazole) and EEE to give the title compound.

Physical data were as follows:

'H NMR (CDC1,;) & = 8.47 (s, 1H), 7.76 (s, 1H), 7.68 (bs, 2H),
7.19 (m, 2H), 7.04 (d, 2H), 6.17 (&, 1H), 5.03 (m, 2H), 3.95 (s, 3H), 3.31 -
3.12 (m, 2H), 3.08 (s, 3H), 3.06 (s, 3H), 2.99 (s, 3H), 1.24 (d, 3H), 1.21
, 3H).

Example 39

Synthesis of
N-(6-Phenylpyrimidin-4-yl)-L-4-(V, N-dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester {(Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(V, N-dimethylcarbamyloxy)-
phenylalanine tert-buty! ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine tert-butyl ester and 4,6-dichloropyrimidine (Aldrich) were
coupled via Method Y and the coupled product was reacted with phenyl
boronic acid (Aldrich) via Method Z. The product of this coupling was
converted via Method HH to give the title compound.

Physical data were as follows: |

'H NMR (CD,OD): 6 = 8.65 (s, 1H), 7.82 - 7.79 (m, 2H), 7.77 -
7.62 (m, 3H), 7.31 (d, 2H), 7.06 - 7.01 (m, 4H), 5.32 - 5.28 (m, 1H), 3.50
- 3.44 (m, 1H), 3.20 - 3.06 (m, 4H), 2.9 (s, 3H).

5C NMR (CD;OD): & = 173.9, 165.7, 157.6, 154.9, 154.3,
152.8, 135.8, 134.6, 132.3, 132.2, 131.7, 129.2, 123.8, 104.6, 57.8, 38.8,
37.7, 37.5.

PCT/US00/01686
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Example 40

Synthesis of
N-(6-(}Tnﬂuommethylphenyl)pymnldm-4-yl) L-4-(N N-
dimethylcarbamyloxy)phenylalanine

L-Tyroéine }ert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine fert-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine zerz-butyl ester and 4,6-dichloropyrimidine (Aldﬁch) were
coﬁpled via Method Y and the coupled prodlict was reacted with 2-
trifluoromethylphenyl boronic acid (Aldrich) via Method Z. The product of
this coupling was converted via Method HH to give the title compound.

Physical data were as followk:

'H NMR (CD,0OD): 6 = 8.46 (s, 1H), 7.95 - 7.82 (m, 1H), 7.73 -
7.67 (m, 2H), 7.50 - 7.48 (m, 1H), 7.29 (d, 2H), 7.03 (d, 2H), 6.65 (s, 1H),
5.05 (s, 1H), 3.39 (m, 1H), 3.16 - 3.12 (m, 4H), 3.00 (s, 3H).

13 C NMR (CD;OD): & = 176.0, 164.3, 158.8, 157.7, 152.6,
136.6, 139.0, 132.9, 132.1, 131.4, 130.1, 129.7, 128.2, 128.2, 123.6, 38.8,
37.7,315. -

Example 41

Synthesis of
N-(G-(2~Hydroxymethylphenyl)pynmldm-4-yl)-L-4-(N N-
dlmethylcarbamyloxy)phenylalanme

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(V, N-dimethylcarbamyloxy)-
phenylalanine ferz-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine tert-butyl ester and 4,6-dichloropyrimidine (Aldrich). were
coupled via Method Y and the coupled product was reacted with 2-
(hydroxymethyDphenyl boronic acid (Lancaster Synthesis) via Method Z.
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The product of this coupling was converted via Method HH to give the title
compound.

Physical data were as follows:

'H NMR (CD,OD): b = 8.48 (s, 1H), 8.09 (s, 1H), 7.61 - 7.44 (m,
4H), 7.29 (d, 2H), 7.02 (d, 2H), 6.71 (s, 1H), 5.27 (s, 2H), 5.10 - 5.02 (m,
1H), 3.42 - 3.41 (m, 1H), 3.16 - 3.12 (m, 4H), 2.99 (s, 3H).

3 C NMR (CD,0D): & =175.7, 165.6, 164.7, 158.0, 157.6,
152.6, 141.6, 138.5, 136.7, 135.8, 132.2, 131.9, 131.7, 131.4, 131.3,
123.7, 64.9, 64.3, 38.9, 37.7, 37.5.

Example 42

Synthesis of
N-(5-Cyclohexylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine iert—butyl ester. Cyclohexanone (Aldrich) was sequentiatly
converted via Methods MM, NN, OO and QQ into 4,6-dichloro-5-
cyclohexylpyrimidine. L-4-(¥,N-Dimethylcarbamyloxy)phenylalanine fers-
butyl ester and 4,6-dichloro-5-cyclohexylpyrimidine were coupled via
Method RR, and the product of this coupling was sequentially converted via
Methods SS and ZZ to give the title compound.

Physical data were as follows:

'H NMR (CD;OD): & = 8.41 (bs, 1H), 7.89 (bs, 1H), 7.21 (d,
2H), 6.94 (d, 2H), 5.12 (dd, 1H), 3.47 (dd, iH), 3.19 (dd, 1H), 3.06 (s,
3H), 2.95 (s, 3H), 3.0 (m, 1H), 2.88 - 2.57 (bs, 1H), 2.5 (bs, 1H), 1.95
-1.67(m, 1H).

PCT/US00/01686
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_3C. NMR (CD,0D): & = 175.68, 165.82, 156.87, 152.10, 151.88,
141.96, 136.30, 131.44, 125.38, 122.89, 57.86, 37.44, 36.81, 36.64, 36.30,
£ 32.65, 32.13, 27.29, 27.25, 26.95.

5 S . Exmple 43

Synthesis of =
N-(2-(N-Methyl-N-Z—furanmethylammo)-s-(z-tolyl)pyrmndm-4—yl)—L-4-
(N, N-dimethylcarbamyloxy)phenylalanine
10

Tyrosine fert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalaniné tert-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine zert-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
15 were coupled via Method BB. “The product of this reaction was reacted with
N-methylfurfurylamine (Salor) via Method. CC to give a product that was
coupled with o-tolyl boronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.
Physical data were as follows:
20 'H NMR (CD,0D): & = 7.43 - 7.35 (m, 2H), 7.35 - 7.2 (m, 2H),
7.2 - 7.0 (m, 4H), 7.0 - 6.9 (m, 2H), 6.42 (d, lH); 6.39 (d, lH), 4.85 (m,
1H), 3.3 - 3.1 (m, 7H), 3.09 (s, 3H), 2.98 (s, 3H), 2.16 (s, 3H), 1.89 (s,
3H). | -

25 " Example 44

Synthesis of
N—(2-(N-Methyl-N-4-chlorophenylammo)-5-(2-tolyl)pyr1mndm-4-yl)—L-4- '
(N, N-dimethylcarbamyloxy)phenylalanine

30
Tyrosine tert-butyl ester (Bachem) was sequentially converted via

Methods UU, VV and WW into L4-(N, N-dimethylcarbamyloxy)-
phenylalanine zert-butyl ester. L—4—(N,N-Dimethylcarbamyloxy)—
phenylalanine zerz-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich) |
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were. coupled via Method BB. The product of this reaction was reacted with
N-methyl-4-chloroaniline (Aldrich) via Method CC to give a product that was
coupled with o-toly! boronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.
Physical data were as follows:
'H NMR (CD,OD): & = 8.17 (s, 1H), 7.56 - 7.34 (m, 8H), 7.1 -
6.97 (m, 4H), 3.50 (m, 2H), 3.13 (s, 3H), 2.1 (s, 3H), 2.17 (s, 3H), 1.94 (s,

3H).

Example 45

Synthesis of
N-(5-(3-Thienyl)pyrimidin-4-yI)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine terr-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine ters-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was
sequentially converted via Methods N ‘and O into 4-chloro-5-iodopyrimidine.
L-4-(N,N-Dimethylcarbamyloxy)phenylalanine fert-buty! ester and 4-chloro-
S-iodopyrimidine were coupled via Method P and the coupled product was
reacted with 3-thiophenyl boronic acid (Frontier Scientific, Inc.) via Method
S. The product of this coupling was converted via Method KK to give the
title compound.

Physical data were as follows:

'H NMR (CD,0OD): & = 8.62 (s, 1H), 8.13 (s, 1H), 7.62 (m, 1H),
7.59 (m, 1H), 7.20 (d, 2H), 7.09 (d, 1H), 7.01 (d, 2H), 3.47 - 3.13 (m,
2H), 3.13 (s, 3H), 2.97 (s, 3H).

BCNMR : § =173.22, 162.83, 156.84, 152.17, 151.43, 141.46,
135.22, 131.54, 131.35, 129.96, 127.99, 127.90, 123.24, 117.13, 56.87,
36.82, 36.64.

PCT/US00/01686
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Example 46

" Synthesis of
N-(5-(2-Thienyl)pyrimidin-4-yl)-L-4-(N, N-
- dimethylcarbamyloxy)phenylalanine
L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via

Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-

'phenylala'nine tert-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was

sequentially converted via Methods N and O to 4-chloro-5-iodopyrimidine. - -
L-4-(N, N-dimethylcarbamyloxy)phenylalahine tert-butyl ester and 4-chloro-5- -
iodopyrimidine were couplet_i via Method P, and the coupled product was
rcécted with 2-thiophenyl boronic acid (Frontier Scientific, Inc.) via Method
S. The product of this coupling was converted via Method KK to give the
title compound. |

Physical data were as follows:

'H NMR (CD,OD): & = 8.10 (s, 1H), 7.67 (s, 1H), 7.19 (d, 1H),
6.73 (m, 4H), 6.4_9 (m, 2H), 4.80 (m, 1H), 2.89 (m, 1H), 2.70 (m, 1H),
2.60 (s, 3H), 2.45 (s, 3H). |

13 C NMR (CD,0OD): 6 = 173.07, 162.72, 156.80, 152.13, 151.74,
142.30, 135.07; 131.58, 131.14, 130.69, 130.38, 129.92, 123.19, 115.18,
56.94, 36.87, 36.81, 36.62, 28.74. '

Example 47

- Synthesis of
N-(2-(N-Methyl-N-2-hydroxyethylamino)-5-(2-fluorophenyl)pyrimidin-4-
¥)-L-4-(N, N-dimethylcarbamyloxy)phenylalanine

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine tert-butyl ester. L-4-(N, N-Dimethylcarbamyloxy)-
phenylalanine terz-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
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2-(N-methylamino)ethanol (Aldrich) via Method CC to give a product that
was coupled with 2-fluorophenyl boronic acid (Aldrich) via Method DD.
The product of this coupling was converted via Method KK to give the title
compound.

Example 48

Synthesis of
N-(5-(Piperidin-1-yDpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy) phenylalanine

L-Tyrosine rert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
pheénylalanine zerr-butyl ester. Piperidine (Aldrich) was sequentially
converted via Methods FFF, GGG and HHH into 4,6-dichloro-5-piperidin-1-
ylpyrimidine. L-4-(N,N-Dimethylcarbamyloxy)phenylalanine ferr-butyl ester
and 4,6—dichloro-5-piperidin—l-ylpyﬁmidine were coupled via Method III,
and the product of this coupling was sequentially converted via Methods JJJ

and ZZ into the title compound.

Exampie 49
Synfhesis of
N-(5-(1-Propylbutyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine
L-Tyrosine fert-butyl ester (Bachem) was sequentially converted via

Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine tert-butyi ester. 4-Heptanone {Aldrich) was sequentially
converted via Methods MM, NN, OO and QQ into 4,6-dichloro-5-(1-
propylbutyl)pyrimidine. L-4-(N,N-ﬁimétilyléarﬁaxhylbxy)phenylalanine tert-
buty] ester and 4,6-dichloro-5-(1-ptopylbutyl)pyrimidine were coupled via

PCT/US00/01686
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Method RR, and the product of this coupling was sequentIally converted via -
Methods SS and ZZ to give the title compound.

Example 50' '

Synthesis of
N-(2-(N—Methyl-N-cyclobutylammo)-s-(z-tolyl)pynmldm-4-yl)-L-4-(N N-
dlmethylcarbamyloxy)phenylalamne

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L4-(N, N-dimethylcarbamyloxy)-
phenylalanine tert-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine tert-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldricﬁ)
were coupled via Methdd BB. The product of this reaction was reacted With
N-methylcyclobutylamine (prepared by the Method of Giardina et 'al.l J. Med.
Chem. 1994, 37(21), 3482 - 3491) via Method CC to give a product that was
coupled with o-tolyl boronic acid (Aldrich) via-Method DD. The product of -

this coupling was converted via Method ZZ to give the title compound.

. Example 51

Synthesis of
N-(2-(N,N-Bis—(Z-hydroxyethyl)amino)pyrimidin-4-yl)-b4—(N,N-
dimethylcarbamyloxy)phenylalanine

A byproduct was isolated by chromatqgraphy of the crude product of
Example 52, and the byproduct was converted via Method KK into the title:
compound. |

Physical data were as follows:

'H NMR (CD,OD): 5 7.59 @, lH), 7.25 d, 2H), 7.02 (d, 2H),
6.18 (d, 1H), 3.76 (brs, 8H), 2.97 (s, 8H).

13 C NMR (CD,0D): 8 = 174.1, 163.7, 155, 152, 1.42.1, 135.2,
131.3, 123.7, 99, 60.5, 56.8, 53.2, 37.5, 36.8, 36.6.

PCT/US00/01686
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Example 52
Synthesis of
5 N-(2-(N,N-bis-(2-Hydroxyethyl)amine)-5-(2-tolyl)pyrimidin-4-yl)-L-4-

10

15

20

25

30

{N, N-dimethylcarbamyloxy)phenylalanine

Tyrosine fert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine tert-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine tert-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
diethanolamine (Aldrich) via Method CC to give a product that was coupled
with o-tolyl boronic acid (Aldrich) via Method DD. The product of this
coupling was converted via Method KK to give the title compound.

Physical data were as follows:

'H NMR (CD;OD): & = 7.48'-7.31 (m, 5H), 7.15 - 6.98 (m,
4H), 4.9 (m, 1H), 4.63 (m, 1H), 3.83 (d, 8H), 3.1 (s, 8H), 1.9 (d, 3H).

3 C NMR (CD,OD): & = 173.8, 162.3, 154.6, 152.6, 140.9,
139.6, 139.4, 135.9, 135.8, 132.2, 132.0, 131.4, 131.2, 131.1, 128, 123.2,
123.1, 66.8, 60.6, 56.9, 56.4, 53.2, 52.8, 36.8, 36.6, 36.3, 19.5.

No Example 53

Example 54

Synthesis of
N-(2-(N-Methyl-N-phenylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine
Tyrosine tert—butyi ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(V, N-dimethylcarbamyloxy)-
phenylalanine ferr-butyl ester. L-4-(V, N-Dimethylcarbamyloxy)-
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phenylalanine tert-butyi, ester and 5-bro_mo-2 ,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The'prbduct of this reaction was reacted with
N-methylamhne (Aldnch) via Method CCto give a product that was coupled
with o-tolyl boronic acid (Aldrich) via Method DD. The product of this
5 coupling was converted via Method ZZ to give the title compound.

Physical data were as follows:

'H NMR (CD,0D): & = 7.57 - 6.99 (m, 14H), 4.99 (m, lH), 3.49
(s, 3H), 3.11 (m, 5H), 2.98 (s, 3H), 2.16 (s, 3H).

»C NMR (CD,0OD): & = 183.07, 173.72, 173.49, 162.55, 156.82,

10 153.97, 152.07, 142.25, 141.06, 140.91, 139.53, 139.40, 135.50, 135.39,

132.21, 132.16, 132.05, 131. 52. 131.31, 130 33, 128.44, 128.11, 128.00,
123.13, 123.04, 113.18, 56.95, 56.49, 4002 39.96, 37.14, 36.83, 36.65,

19.56, 19.47. ;
15 ‘
Example 55
Synthesis of
N-(2-(Isopropoxy)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
20 : dimethylcarbamyloxy)phenylalanine

Tyrosine tert-binyl éster (Bachem) was sequentially cbnverted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine fert-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-

25 phenylalanine zert-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this coupling was sequentially
converted via Methods NNN, DD (using o-tolyl boronic acid, Aldrich) and
ZZ to give the titl§ compound.

Physical data were as follows:

30 'H NMR (CDCL): & = 7.77 (bs, 1H), 7.40 - 6.8 (m, 9H), 6.43 (d,
0.5H) 6.27(d, 0.5H), 6.78 (m, 1H), 6.16 (m, 1H), 3.09 (s, 3H), 3.00 (s,
3H), 3.40 - 2.80 (m, 4H), 2.20 (s, 1.5H), 1.94 (s, 1.5H), 1.23 (m, 6H).
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B C NMR (CDCL): & = 176.28, 176.15, 160.03, 159.78, 154.77,
153.65, 150.01, 169.97, 139.20, 137.81, 137.64, 134.39, 134.25, 130.71,
130.47, 130.12, 129.15, 126.69, 126.46, 121.24, 121.18, 109.56, 56.81,
56.34, 63.19, 36.90, 36.56, 36.32, 22.19, 21.99, 21.95, 19.51, 19.27.

Example 56

Synthesis of
N-(2-(N-Methyl-N-3-methylbutylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-
(N,N-dimethylcarbamyloxy)phenylalanine

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine ferr-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine terz-butyl ester and 5-bromo-2,4-dichléropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
N-methyIN-isoamylamine (Pf;ltz-Bauer) via Method CC to éive a product
that was coupled with o-tolyl boronic acid (Aldrich) via Method DD. The
product of this coupling was converted via Method ZZ to give the title
compound.

Physical data were as follows:

'H NMR (CDCL): & = 7.6 (s, 0.5H), 7.56 (s, 0.5H), 7.30 - 6.80
(m, 8H) 6.30(bm, 1H), 7.00 - 6.00 (br, 1H), 4.63 (m, 1H), 3.09 (s, 3H),
3.01 (s, 6H), 3.80 - 2.80 (m, 4H), 2.13 (s, 1.5H), 1.90 (s, 1.5H), 1.61 (m,
1H), 1.51 (bs, 2H), 0.96 (d, 6H).

¥ C NMR (CDCL): & = 174.03, 173.87, 159.28, 159.04, 154.71,
153.67, 150.00, 142.10, 137.81, 137.53, 134.39, 134.22, 130.78, 130.58,
130.13, 128.96, 126.52, 126.30, 121.19, 121.13, 110.11, 109.91, 56.80,
56.40, 48.75, 36.55, 36.33, 35.80, 25.92, 22.54, 22.48, 19.53, 19.34.
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Example 57

Synthesis of _ '
_ N-(2-(N-Methylammo)-s-(z-tolyl)pynmndm-4-yl) -L-4-(N,N-
dnnethylcarbamyloxy)phenylalamne -

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine zerz-butyl ester. | L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine teri-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
N-methylamine (Aldrich) via Method CC to give a product that was coupled
with o-tolyl boronic acid (Aldrich) via Method DD. The product of this
coupling was converted via Method ZZ to give the title éompound.

Physical data were as follows: -

'H NMR (CDCL): 6 = 10.0 - 8.0 (br, 1H), 9. 42 (bs 1H), 8.24 (s,
1H), 7.4 - 6.8 (m, 10H), 5.93 (m, 1H), 4.85 (m, 1H), 3.2 - 2.8 (m 1H),-
3.37 (m, 1H), 3.12 (s, 1.5H), 3.11 (s, 1.5H), 3.03 (s, 1.5H), 3.02 (s, 1 SH),
2.95 (s, 3H), 2.13 (s, 1.5H), 1.83 (s, 1.5H). '

Example 58

. Synthesis of
N-(2-(2-tolyl)-5-(2-tolyD) pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine terz-butyl ester. ' L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine ferz-butyl eéter and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The prodﬁct of this reaction was reacted with
o-tolyl boronié acid (Aldrich) via Method KKK. The product of this coupling.
was converted via Method ZZ to give the title compound.

Physical data were as follows:

PCT/US00/01686
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'H NMR (CDCL): 6 = 8.14 (d, 1H), 7.68 (d, 1H), 7.4 - 6.8 (m,
12H), 5.42(m, 1H), 4.94 (m, 1H), 3.11 (s, 3H), 3.02 (s, 3H), 3.4 - 2.8 (m,
2H), 2.49 (s, 3H), 2.11 (s, 1.5H), 1.91 (s, 1.5H).

5
Example 59
Synthesis of
N-(2-(N-Methyl-N-2-hydroxyethylamino)-5-(2-tolyDpyrimidin-4-yl)-L-4-
10 (N, N-dimethylcarbamyloxy)phenylalanine

Tyrosine terr-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine terz-butyl ester. L-4-(NV, N-Dimethylcarbamyloxy)-

15 phenyialanine zers-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
2-(methylamino)-ethanol (Aldrich) via Method CC to give a prodt;ct that was
coupled with o-tolyl boronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.

20 Physical data were as follows:

'H NMR (CD,0D): 8 = 7.4 - 6.94 (m, 4H), 4.82 (m, 1H), 3.8
(brs, 4H), 3.23/3.26 (s, rotamers, 3H), 2.98/3.7 (s, rotamers, 6H), 1.93/2.14

(s, rotamers, 3H).

25 Example 60

Sythesisof
N-(2-(N-Methyl-N-2-methylpropylaniino)-5-(2-toly)pyrimidin-4-yl)-L-4-
(N, N-dimethylcarbamyloxy) phenylalanine
30

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N,N—dimethylcarbamyloxy)-
phenylalanine terz-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
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phenylalanine_ tert-butyl ester and 5_-bromo-2,44‘ichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
N-rilethyl isobutylamine (Aldrich) via Method CC to give a 'produbt that was
coupled with o-tolyl boronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.

Physical data were as follows: . .

'H NMR (CDC1,): 6 = 10.5 - 9.8 (br, 1H), 7.63 (d, 1H), 7.3 - 6.8
(m, 8H), 6.35(ﬁ1,'1H), 4.65 (m, 1H), 3.6 - 2.8 (m, 4H), 3.08 (s, 3H), 3.01
(s, 6H), 2.13(s, 1.5H), 2.06 (bs, 1H), 1.25 (s, 1.5H), 0.9 (s, 6H).

BC NMR (CDCly): & = 17.4.13, 173.97, 159.17, 158.9, 154.7,
153.99, 149.96, '1_42.00, 137.76, 137.53, 134.50, 134.33, 130.80,'130.58,
130.15, 128.95, 126.51, 126.30, 121.15, 121.11, 110.25, 109.99, 57.46,
56.90, 56.51, 36.89., 36.55, 36.32, 27.08, 19,87, 19.53, 19.38. |

Example 61 .
o Synthesis of _
N-(2-(N-Methyl-N-propylamino)-5-(2-tolyl) pyrimidin-4-yl)-L-4-(V, N-
- dimethylcarbamyloxy)phenylalanine '

Tyrosine tert-butyl ester (Bachem) was sequentially converted via

~ Methods UU, VV and WW into L-4-(N,N-dimethyléarbamyloxy)f

phenylalanine terz-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine ferz-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The produ_t_:t of this reaction was reacted with
N-methyl-N-propylamine (Aldrich) via Method CC to give a product that was
coupled with o-tolyl boronic acid (Al_t_lri‘ch) via Method DD. The product of
this coupling was converted via Methpd ZZ to give the title compound.

Physical data were as follows:

'H NMR (CDCL): & = 10.5 - 9.5 (br, 1H), 7.6 (d, 1H), 7.38 - 6.7
(m, 8H), 6.3 (m, 1H), 4.7 (m, 1H), 3.7 - 3.0 (m, 4H), 3.09 (s, 3H), 3.01 (s,
6H), 2.13 (s, 1.5H), 1.92 (s, 1.5H), 1.59 (bs, 2H), 0.89 (bs, 3H).

PCT/US00/01686
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B C NMR (CDCl,): & = 174.22, 174.06, 159.26, 159.0, 154.7,
153.76, 149.97, 142.22, 137.78, 137.53, 134.53, 134.36, 130.80, 130.73,
130.51, 130.12, 128.93, 126.50, 126.30, 121.16, 121.10, 110.13, 109.87,
56.90, 56.52, 51.72, 36.55, 36.33, 35.96, 20.45, 19.56, 19.37, 11.06.

Example 62

Synthesis of
N-(2-(N,N-Dimethylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

Tyrosine terz-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine fert-butyl ester. L-4-(N, N-Dimethylcarbamyloxy)-
phenylalanine zerz-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
N, N-dimethytamine (Aldrich) via Method CC to give a product that was
coupled with o-tolylboronic acid (Aldrich) via Method DD. The product of
this coupling was converted via Method ZZ to give the title compound.

Physical data were as follows:

'H NMR (CDC1,): & = 11.0-9.5 (br, 1H), 7.62 (d, 1H), 7.3 -
6.8 (m, 8H), 6.22(m, 1H), 4.72 (m, 1H), 3.5 - 3.0 (m, 2H), 3.8 (s, 6H),
3.01 (s, 3H), 2.12 (s, 1.5H), 1.94 (s, 1.5H).

3 C NMR (CDCL;): 8 = 174.49, 174.3, 159.4, 158.93, 154.72,
149.93, 140.30, 137.75, 137.60, 134.67, 134.50, 130.92, 130.80, 130.51,
130.11, 128.87, 126.48, 126.32, 121.15, 121.08, 109.87, 109.69, 56.86,
56.49, 37.51, 36.87, 36.55, 36.34, 19.50, 19.38.
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Example 63

Synthesis of
N-(2-(N-Methyl-N—cyclohexylammo)-5-(3-pyndyl)pyrmudm-4—yl)-
- - (N, N-dimethylcarbamyloxy)phenylalanine

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine zert-butyl ester. L—4—(N,N-Dimethylcarbamyloky)—
phenylalanine -tert-butyl ester and 5-br0m0-2,4-dichlbr’opyrimidine-(Aldrich)‘
were coupled via Method BB. The product of this reaction was reacted with
N-methyl-N-cyclohexylamine (Aldrich) via Method CC to give a product that
was coupled With 3-pyridy! boronic acid 1,3-propanediol cyclic ester
(Lancaster Synthesis) via Method DD. The product of this coupling was -
converted via Method HH to give the title compound. o

Physical data were as follows:

l.H NMR (CD;OD): 6 = 8.83 - 8_.'78 (m, 1H), 8.56 (brs, 1H), 8.09
~7.95(m, 2H), 7.76 - 7.73 (rri, 1H), 7.22 (d, 2H), 7.06 (d, 2H), 4.85 (m,
1H), 3.45 - 3.38 (m, 1H), 3.18 - 3.11 (m, 4H), 3.06 (s, 3H), 2.99 (sm,
overlapping 4H), 1.92 (m, 2H), 1.76 - 1.57 (m, 8H). |

3 C NMR (CD,0OD): & = 173.7, 161.5, 161.4, 160.9, 157.0,
152.0, 146.0, 145.7, 145.6, 143.3, 136.0, 132.2, 131.3, 128.1, 123 4,
107.8, 57.8, 57.4, 36.8, 36.6, 36.1, 30.6, 30.0, 26.4, 26.2. |

Example 64

Synthesis of
N-(S-(Z—Phenyl-z 2-difluoroethyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine zerz-butyl ester. 1-Trifluoromethanesuifonyloxy-2,2-difluoro-
2-phenylethane was sequentially converted via Methods LL, OO and QQ into
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4,6-dichloro-5-(2,2-difluoro-2-phenylethyl)pyrimidine. L-4-(N,N-
Dimethylcarbamyloxy)-phenylalanine zert-butyl ester and 4,6-dichloro-5-(2,2-
difluoro-2-phenylethyl)pyrimidine were coupled via Method RR, and the
product of this coupling was sequentially converted via Methods TT and ZZ
to give the title compound. '

Physical data were as follows:

'H NMR (CD,0D): & = 8.37 (s, 1H), 7.79 (s, 1H), 7.44 (s, 5H),
7.25 (d, 2H), 6.98 (d, 2H), 5.07 (dd, 1H), 3.62 - 3.32 (m, 3H), 3.14 (dd,
1H) 3.08 (s, 3H), 2.96 (s, 3H).

Example 65

Synthesis of -
N-(5-(2-Pheny}-2,2-difluoroethyl)-6-chloropyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

. L—Tyrosir;é tert-butyl ester (Bachem) wa§ sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine rerz-butyl ester. 1-Trifluoromethanesuifonyloxy-2,2-difluoro-
2-phenylethane was sequentially converted via Methods LL, OO and QQ into
4,6-dichloro-5-(2,2-difluoro-2-phenylethyl)pyrimidine. L-4-(N,N-
Dimethylcarbamyloxy)-phenylalanine zerz-butyl ester and 4,6-dichloro-5-(2,2-
difluoro-2-phenylethyl)pyrimidine were coupled via Method RR, and the
product of this coupling was converted via Method ZZ to give the title
compound.

Physical data were as follows:

'H NMR (CD,0D): 5 = 8.18 (s, 1H), 7.42 - 7.41 (m, SH), 7.26
d, 2H), 7.0 (d, 2H), 5.03 (dd, iH), 3.72 - 3.45 (m, 2H), 3.34 (dd, 1H),
3.19 (dd, 1H), 3.08 (s, 3H), 2.96 (s, 3H).

PCT/US00/01686
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_ Synfhesis'of _
N-(5-(2-Phenylethyl)pyrimidin-4-yl)-L-4-(N,N-
~ dimethylcarbamyloxy)phenylalanine

10

15

20

30

4(3H)-Pyrimidinone (Aldﬁch) was sequentially converted via Methods
N and O into 4-chlofo-5-iodopyrimidine._ L_-Phenylalarﬁne tert-butyl ester
hydrochiloride (Bachem) and 4—clﬂ6to—5—iodopytimidine were cbupled i}ia
Method P. The product of this reaction was converted via Method W to a
product that was sequentially converted vié Methods X and HH to give the
title compound.

Physical data were as follows:

'H NMR (CD,OD): 6 = 8.55 (d, 1H), 7.64 (d, 1H), 7.35 - 7.19
(m, 8H), 7.01 - 6.98 (m, 2H), 5.46 - 5.41 (m; 1H), 5.34 - 3.60 (m, 1H),
3.29-3.23 (m, 1H), 2.94 - 2.75 (m, 4H).

3C NMR (CD,0D): & = 174.3, 164.3, 151.5, 141.8, 141.7,
139.2, 131.0, 130.6, 130.5, 130.4, 128.9, 128.4, 120.6, 57.8, 38.4, 34.0,
30.7.

Example 67

o Synthesis of
N-(2-(N-Methyl-N-cyclohexylamino) pyrimidin-4-yl)-L-4-(N, N-
' dimethylcarbamyloxy)phenylalanine

Tyrosine tert-butyl .e'ster (Bachem) was sequéntiaily converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine fert-butyl ester. M-(MN—Dimethy_lcarbamlexy)- |
phenylalanine -tért-butyl .ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupléd via Method BB. The product of this reaction was reacted with
N—methyl-N-cyclbhexy_lamine (Aldrich) via Method CC to give a product
which was sequentially converted via Methods MMM and ZZ to give the title

compound.
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Physical data were as follows:

'H NMR (CDCL): & = 11.20 (bs, 2H), 8.44 (s, 1H), 7.76 (bs,
1H), 7.50 (br, 1H), 7.18 (d, 2H), 6.96 (d, 2H), 5.91 (bs, 1H), 4.83 (bs, 1H),
4.53 (br, 1H), 3.20 (m, 2H), 3.08 (s, 3H), 2.98 (s, 6H), 2.00 - 1.00 (m,
10H). .
13C NMR (CDCL): & = 176.18, 171.50, 167.75, 162.44, 156.31,
154.49, 151.52, 135.83, 131.61, 122.85, 58.04, 56.87, 38.02, 37.79, 31.16,

31.00, 26.68.

Example 68

Synthesis of
N-(5-Propylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine fert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
pheny!alz;nine tert-butyl ester. 4(33)—P}rimidinone (Aldrich) was
sequentially converted via Methods N and O into 4-chloro-5-iodopyrimidine.
L-4-(N, N-Dimethylcarbamyloxy)phenylalanine fert-buty! ester and 4-chloro-
5-iodopyrimidine were coupled via Method P, and the product of this
coupling was sequentially converted via Methods II, JJ and KK to give the
title compound.

Physical data were as follows:

'H NMR (CD,0OD): & = 8.51 (s, 1H), 7.97 (s, 1H), 7.26 (d, 2H),
6.97 (d, 2H), 5.36 (m, 1H), 3.51 (m, 1H), 3.23 (m, 1H), 3.16 (s, 3H), 2.95
(s, 3H), 2.47 (m, 2H), 1.57 (m, 2H),.0.99 (m, 3H).

3 C NMR (CD,0D): & = 173.48, 163.61, 151.97, 150.75, 140.68,
135.74, 133.14, 131.30, 123.02, 120.85, 56.96, 36.99, 36.76, 36.58, 29.87,
21.02, 13.67.



WO 00/43372

—-222 -
Example' 69
' Synthesns of _
N-(5-(2-Methoxyphenyl)pyrmndm-4-yl)-L-4-(N N—
5 dunethylcarbamyloxy)phenylalamne -

10

15

20

30

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via |
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)- '
phen)ilalani.ne tert-butyl ester. 4(3H)—nyin1idinone (Aldrich) was
sequentially converted via Methods N.and O to 4-chloro-5-iodopyrimidine.
L-4-(N,N-Dimethylcarbamyloxy)phenylalanine tert-buty.l ester and 4-chloro-
5-iodopyrimidine _were._coupled via Method P and the coupled product was
reacted with 2—méthoxyphenyl bofonic acid (Lancaster Synthesis) via Method
Q. The product of this couplmg was converted via Method HH to give the

‘title compound

Physxcal data were .as follows:
"'H NMR (CD,0D): & = 8.64 (s, 1H), 8.05 (s, 1H), 7.61 - 7.55
(m, 1H), 7.27 - 7.13 (m, 5H), 6.99 (d, 2H), 5.36 - 5.32 (m, lH), 3.73 s,
3H), 3.46 - 3.40 (m, 1H), 4.20 - 3.13 (m, 4H), 3.02 (s, 3H).
13 C NMR (CD,OD): & = 173.8, 163.5, 159.5, 157.5, 152.8,
152.1, 143.0, 135.9, 134.2, 133.9, 132.2, 123.8, 123.4, 120.5, 120.0,
113.7, 57.5, 57.1, 37.9, 37.7, 37.5.

Example 70

Synthesis of
N-(5-(2-Fluorophenyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine zert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine terz-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was
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sequentially converted via Methods N and O into 4-chloro-5-iodopyrimidine.
L-4-(N, N-Dimethylcarbamyloxy)phenylalanine terr-butyl ester and 4-chloro-
5-iodopyrimidine were coupled via Method P and the coupled product was
reacted with 2-fluorophenyl boronic acid {(Lancaster Synthesis) via Method Q.
The product of this coupling was converted via Method HH to give the title

compound.

Example 71

Synthesis of
N-(2-(N-Methyl-N-isopropylamino)-5-(2-tolyl) pyrimidin-4-yI)-L~4-(N, N-
dimethylcarbamyloxy)phenylalanine

Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(V, N-dimethylcarbamyloxy)-
phenylalanine terr-butyl ester. L-4-(N,N-Dimethylcarbamyloxy)-
phenylalanine ferz-butyl ester and 5-bromo;2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
N-methyl-N-isopropylamine (Aldrich) via Method CC to give a product that
was coupled with o-tolyl boronic acid (Aldrich) via Method DD. The
product of this coupling was converted via Method ZZ to give the title
compound.

Physical data were as follows:

'H NMR (CDCL;): & = 10.5 - 9.5 (br, 1H), 7.59 (4, 1H), 7.30 -
6.70 (m, 8H), 6.3 (m, 1 H), 4.92 (bs, 1H), 4.7 (m, 1H), 3.50 - 3.0 {m, 2H),
3.08 (s, 3H), 3.00 (s, 3H), 2.83 (s, 3H), 2.13 (s, 1.5H), 1.93 (s, 1.5H) 1.15
{d, 6H).

3 C NMR (CDCL): & = 174.31, 174.15, 159.21, 158.95, 154.70,
153.41, 149.92, 141.98, 137.79, 137.56, 134.59, 134.41, 130.59, 130.17,
128.95, 126.51, 126.32, 121.15, 110.26, 110.02, 56.87, 56.50, 46.86,
36.82, 36.55, 36.31, 28.18, 19.50, 19.39.
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Example 72

. Synthesis of o
N-(2-(N-Isopropylamino)-5-(2-toly))pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine
Tyrosine tert—butyi e_'stef (Bachein) was seq‘uehtially converted via
Methods UU, VV and WW int_o L-4~(N, N-dimethylcarbamyloxy)-
phenylalanine terz-butyl .ester. L-4-(N, N-Dimethylcarbamyloxy)-
phenylalanine tert-buty! ester ahd 3-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The i)roduct of this reaction was reacted with
isopropylamine (Aldrich) via Method CC to give a product that was coupled
with o-tolyl boronic acid (Aldrich) via Method DD. The product of this
coupling was converted via Method ZZ 1o give the title compound.
Physical data were as follows: :
'H NMR (CDC13): & = 9.57 (s, 1H), 8.31 (s, 1H), 7.40 - 6.80 (m,
8H), 6.19 (m, 1H), 4.79 (m, IH), 4.15 (m, 1H), 3.4 - 3.0 (m, 2H), 3.10 (s,

- 3H), 3.01 (s, 3H), 2.16 (s, 1.5H), 1.41 (s, 1.5H), 1.24 (s, 6H).

BC NMR (CDC1;): 6 = 176.07, 175.8, 166.23, 160.23, 159.99,
154.79, 153.50, 158.06, 139.38, 137.86, 137.66, 134.10, 133.93, 130.77,
130.61, 130.26, 130.01, 129.25, 126.71, 126.50, 121.46, 121.36, 109.59,

- 109.37, 56.77, 56.22, 43.31, 36.57, 36.34, 22.12, 21.96, 19.47, 19.22.

No Examples 73-77

Example 78

Synthesis of
N-(5-(2-Phenylethyl)pyrimidin-4-yl)-L-4-(N,N- -
dimethylcarbamyloxy)phenylalanine Isopropyl Ester

L-Tyrosine was sequentially convefted via Methods LLL, UU, VV
and WW into L-4-(N, N-dimethylcarbamyloxy)phenylalanine isopropy! ester.

PCT/US00/01686
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4(3H)-Pyrimidinone (Aldrich) was sequentially converted via Methods N and
O to 4-chloro-5-iodopyrimidine. L-4-(N,N-
Dimethylcarbamyloxy)phenylalanine isopropyl ester and 4-chloro-5-
iodopyrimidine were coupled via Method P, and the coupled product was
converted via Method OOO to a pi'oduct, which was converted via Method
X to give the title compound.

Physical data were as follows:

'H NMR (CDCL): 8 = 8.50 (s, 1H), 7.91 (s, 1H), 7.31 - 7.20 (m,
3H), 7.42 - 7.00 (m, 6H), 5.19 - 5.17 (m, 1H), 5.08 - 5.02 (m, 2H), 3.23 -
3.17 (m, 2H), 3.06 (s, 3H), 2.99 (s, 3H), 2.83 - 2.78 (m, 2H), 2.65 - 2.60
(m, 2H), 1.75 - 1.23 (m, 6H).

3 C NMR (CDCL): & = 171.8, 159.2, 156.7, 153.5, 150.7, 140.5,
130.3, 128.7, 128.5, 126.4, 121.8, 117.1, 69.4, 54.2, 36.9, 36.6, 36.5,
33.6, 29.8, 21.7, 21.6.

Example 79

, Synthesis of
N-(3-(N-Methyl-N-4-toluenesulfonylamino) pyrazin-2-yl)-L-phenylalanine
Isopropyl Ester
L-Phenylalanine (Aldrich) was converted via Method LLL to L-
phenylalanine isopropy! ester hydrochloride. 2,3-Dichloropyrazine
(Lancaster) was converted via Method QQQ and RRR into 2-chloro-3-
nitropyrazine. L-Phenylalanine isopropyl ester hydrochloride and 2-chloro-3-
nitropyrazine were coupled via Method BBB, and the product of this coupling
was sequentially converted via Methods CCC, DDD and EEE to give the title
compound.

Physical data were as follows:

'H NMR (CDCL): & =7.91(d, 1H), 7.59 (d, 2H), 7.51 (d, 1H),
7.31 - 7.23 (m, 7H), 6.08 (d, 1H), 5.01 - 4.97 (m, 1H), 4.92 - 4.89 (m,
1H) 3.24 (d, 2H), 2.97 (s, 3H), 2.43 (s, 3H), 1.21 - 1.12 (m, 6H).

PCT/US00/01686
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 BC NMR (CDCL): & = 167.32, 147.440, 139.85, 137.38, 133.25,
131.98, 128.68, 126.17, 125.17, 125.06, 124.41, 124.11, 122.58, 64.38,
50.65, 33.49, 32.41, 17.16, 17.08, 17.03.

'Example 80

~ Synthesis of
N-(5-(2-Phenylethyl)pyrimidin-4-yl)-L-phenylalanine Isopropyl Ester

L-Phenylalahine isopropyl ester hydrochloride was. prepared by

| Method LLL. 4(3H)-Pyrimidinone (Aldrich) was sequentially converted via

Methods N and O to ‘4~chloro-5-iodopyrimidine._ L—Phenylalanine isopropyl

ester hydrochloride and 4-chloro-5-iodopyrimidine were coupled via Method

P and the coupled product sequentially converted via Methods OOO and X to
give the title compound. |
Physical data were as follows: ‘
" 'H NMR (CDC): & = 8.51 (s, 1H), 7.92 (s, 1H), 7.30 - 7.15 (m,
5H), 7.14 - 7.06 (m, 4H), 5.16 (m, 1H), 5.09 - 5.01 (m, 2H), 3.31 - 3.16

(m, 2H), 2.79-2.74 (Ii_l, 2H), 2.62 - 2.57 (m, 2H), 1.15 - 1.20 (m, 6H).

13.C NMR (CDCL): & = 171.7, 159.1, 156.7, 153.5, 140.5, 136.1,
129.4, 128.6, 128.5, 128.3, 127.1, 126.4, 117.0, 69.3, 54.2, 37.6, 33.7, -

- 30.0, 21.7, 21.6.

No Example 81

-Example 82

_ Synthesis of
N-(5-(N-Methyl-N-3-pyridinesulfonylamine)pyrimidin-4-yl)-1L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine
L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via

Methods UU, XX and YY into L-4-(4-methylpiperazin-1-ylcarbonyloxy)-
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phenylalanine terz-butyl ester. 5-Nitrouracil (Aldrich) was converted via
Method AAA into 2,4-dichloro-5-nitropyrimidine. L-4-(4-Methylpiperazin-
1-ylcarbonyloxy)phenylalanine rerz-butyl ester and 2,4-dichloro-5-
nitropyrimidine were coupled via Method BBB, and the product of this
coupling was sequentially converted via Methods CCC, DDD (using 3-
chlorosulfonylpyridine), EEE and ZZ to give the title compound.

No Examples 83-84

Example 85

Synthesis of
N-(2-(N-Methyl-N-cyclohexylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(V, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L4-(N, N dimethylcarbamyloxy)-
phenylalanine zert-butyl ester. L-4-(N, N-Dimethyicarbamyloxy)-
phenylalanine zert-butyl ester and 5-bromo-2,4-dichloropyrimidine (Aldrich)
were coupled via Method BB. The product of this reaction was reacted with
N-methyl-N-cyclohexylamine (Aldrich) via Method CC to give a product that
was coupled with o-tolyl boronic acid (Aldrich) via Method DD. The
product of this coupling was converted via Method ZZ to give the title
compound.

Physical data were as follows:

'H NMR (CDC1,): 8 = 10.0 - 9.08 (br, 1H), 7.55 (s, 0.5H), 7.52
(s, 0.5H), 7.20 - 6.31 (m, 8H), 6.36 (br, 1H), 4.69 (m, 2H), 3.40 (m, 1H),
3.15 (m, 1H), 3.06 (brs, 3H), 2.98.(brs, 3H), 2.84 (brs, 3H), 2.11 (s, 1.5H),
2.00 - 1.00 (brm, 11.5 H).

¥ C NMR (CDC1,): & = 164.10, 159.20, 159.00, 154.79, 153.50,
150.03, 137.68, 137.48, 134.48, 130.66, 130.22, 129.01, 126.62, 126.40,
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121.16, 110.20, 57.00, 56.58, 55.50, 36.62, 36.39, 29.91, 29.52, 25.41,
19.60, 19.65. ' '

No Examples 86-87

Example 88 E

_ Synthesis -of :
N-(5-(2-TolyDpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine Isopropyl Ester
L-Tyrosine (Aldrich) was sequentially converted via Methods LLL,
UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)phenylalanine
isopropy] ester. 4(3I—I)-Pyrimidinonc (Aldrich) was sequentially converted via
Methods N and O into 4-chloro-5-iodopyrimidine. L-4-(N,N-
dimethylcarbamyloxy)-phenylalanine isopropyl ester and 4-chloro-5-
iodopyrimidine were coupled via Method P.-_ The product of this coupling

‘was reacted with o-tolyl boronic acid via Method Q to afford the title

-compound.

Physical data were as follows:

'H NMR (CDCL): 6 = 8.58 (s, 1H), 7.-9_9.(s, 1H), 7.76 - 7.33 (m,
3H), 7.13 (m, 0.5H), 7.03 - 6.95 (m, 4H), 4.97 - 4.87 (m, 3H), 3.08 -
2.99 (m, 8H), 2.09 (s, 2H), 1.92 (s, 1.5H), 1.24 - 1.12 (m, 6H).

3C NMR (CDCL): & = 171.4, 171.2, 158.8, 158.5, 157.5, 154.7,
153.6, 153.5, 150.5, 137.1, 137.0, 132.9, 132.3, 132.5, 130.8, 130.7,
130.0, 129.8, 129.7, 128.9, 126.6, 126.5, 121.6, 119.5, 119.4, 69.0, 54.5,
54.0, 36.9, 36.8, 36.6, 36.4, 21.65 21.60, 19.3, 19.2.
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Synthesis of
N-(5-(3-Nitrophenyl)pyrimidin-4-yl)-L-4-(N, N-
5 dimethylcarbamyloxy)phenylalanine

10
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L-Tyrosine ferz-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L4-(N, N-dimethylcarbamyloxy)-
phenylalanine zert-butyl ester. 4(5H)—pyrimidinone (Aldrich) was
sequentially converted via Methods N and O to 4-chloro-5-iodopyrimidine.
L-4-(N, N-Dimethylcarbamyloxy)phenylalanine fert-butyl ester and 4-chloro-
5-iodopyrimidine were coupled via Method P, and the coupled product was
reacted with 3-nitrophenyt boronic acid (Aldrich) via Method T. The product
of this coupling was converted via Method HH to give the title compound.

Physical data were as follows:

'H NMR (CD,0OD): & = 8.67 (s, 1H), 8.41 - 8.38 (m, 1H), 8.28 -
8.27 (m, 1H), 8.17 (s, 1H), 7.82 - 7.77 (m, 1H), 7.67 - 7.65 (m, 1H), 7.20
(d, 2H), 7.02 (d, 2H), 5.33 - 5.28 (m, 1H), 3.47 - 3.411 (m, 1H), 3.12 -
3.04 (m, 4H), 2.97 (s, 3H).

BC NMR (CD,0OD): 6 = 173.7, 163.6, 157.6, 152.8, 152.7, 151.2,
143.8, 137.4, 136.3, 134.2, 133.1, 132.2, 126.7, 126.3, 124.0, 120.3,
58.0, 37.7, 37.6, 37.5.

No Example 90
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Example 91
- Synthesisof = .
N-(5-(3-Pyridyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tért-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L—4~(N,N-d'ime'thylcarbamyloxy)-

_phenylalanine ferz-butyl ester. '4(3H)~Pyrimidinone (Aldrich) was

sequentially cox_lverted via Methods N and O to 4-chloro-5-iodopyrimidine.
L—4—(N,N-Dimemylcarbamyloxy)phenylalanine tert-butyl ester and 4-chloro-
5-iodopyrimidine were coupled via Method P, and the coupled product was
reacted with 3-pyridy] boronic acid 1,3-propanediol cyclic ester (Lancaster
Synthesis) via Method Q. The product of this coupling was converted via
Method HH to give thé title compound. -

: ~ Example 92

: : Synthesis of _
N-(5-(2-Phenylethyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine tert-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine tert-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was
sequentially cbnverted via Methods N and O into 4-chloro-5-iodopyrimidine.
L-4-(N,N-Dimethylcarbamyloxy)phenylalanine rerz-butyl ester and 4-chloro- -
5-iodopyrimidine were coupled via Method P. The product of this reaction
was sequentially converted via Methods W, X, and HH to give the title
compound.

Physical data were as follows: _

'H NMR (CD,0OD): & =8.52 (s, 1H), 7.67 (s, 1H), 7.34 -~ 7.19 (m,
5H), 7.08 - 6.99 (m, 4H), 5.50 - 5.42 (m, 1H), 5.59 -~ 5.53 (m, 1H), 3.26 -
3.21 (m, 1H), 3.09 (s, 2H), 2.99 (s, 3H), 2.94 - 2.85 (m, 4H).
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B C NMR (CD,OD). & = 174.2, 164.2, 157.5, 152.7, 151.4,
141.8, 141.7, 136.5, 132.0, 130.5, 130.4, 128.4, 123.8, 120.5, 57.8, 37.9,
37.6, 37.5, 34.1, 30.6.

Example 93

Synthesis of
N-(2-N, N-Dimethylamino-5-(N-methy}-N-4-
toluenesulfonylamino)pyrimidin-4-yl)-L-phenylalanine

5-Nitrouracil (Aldrich) was converted via Method AAA into 2,4-
dichloro-5-nitropyrimidine. L-Phenylalanine ters-butyl ester (Bachem) and
2,4-dichloro-5-nitropyrimidine were coupled via Method BBB, and the
product of this coupling was sequentially converted via Methods SSS (using
dimethylamine), CCC, DDD, EEE and ZZ to give the title compound.

Physical data were as follows: )

'H NMR (CD,0D): 6 = 8.15 (s, formate), 7.65 (m, 2H), 7.41 (d,
2H), 7.40 - 7.19 (m, 5H), 7.02 - 6.92 (m, 1H), 4.90 (m, 1H), 3.40 - 3.10
(m, 2H), 3.09 ~ 2.92(m, 9H), 2.43 (s, 3H).

3C NMR (CD,OD): & = 177.07, 159.64, 154.70, 152.25, 144.10,
141.97, 141.33, 140.25, 132.57, 129.02, 125.21, 124.82, 123.57, 123.42,
121.88, 107.64, 51.08, 33.71, 32.72, 31.76, 15.49.

Example 94

Synthesis of
N-(5-(2-Tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine

L-Tyrosine terr-butyl ester (Bachem) was sequentially converted via
Methods UU, VV and WW into L-4-(N, N-dimethylcarbamyloxy)-
phenylaianine terz-butyl ester. 4(3H)-Pyrimidinone (Aldrich) was
sequentially converted via Methods N and O into 4-chloro-5-iodopyrimidine.
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L—4-(N,N-Dir_nethyldarbamjlbxy)phenylalanine terr-butyl ester and 4-chloro-

‘5-iodopyrimidine were coupled via Method P and the coupled product was

reacted with o-tolyl bo_tonic acid (Aldrich) via Method Q. The product of this
coupling was converted via Method HH to give the title compound.

Physical data wére as follows: |

'H NMR (CD,OD): 6 = 8.75 - 8.65 (d, 1H), 8.05 - 8.03 (d, 1H),
7.51 - 7.35 (m, 3H), 7.26 - 7.11 (m, 3H), 7.02 - 6.97 (m, 2H), 5.38 - 5.27

~ (m, 2H), 3.50 - 3.39 (m, 1H), 3.21 - 3.07 (m, 4H), 3.02 (s, 3H), 2.21 -

1.93 (s, 3H). | |

BC NMR (CD,OD) : & = 173.8, 173.6, 164.0, 163.8, 157.5,
152.7, 152.6, 143.0, 142.8, 139.7, 139.5, 136.1, 135.9, 133.2, 133.0,
132.4, 132.2, 132.1, 1319, 131.1, 129.0, 128.9, 123.8, 123.7, 122.2,
122.0, 57.6, 57.4, 37.8, 37.7, 37.5, 374, 20.3, 20.2.

Additionally, using the procedures described herein and the
appropriate starting materials, the following additional compounds can be

prepared:

N-(2-(N-methyl-N-cyclohexylamino)-5-(2-methoxyphenyl)pyrimidin-4-
yl)-L-4-(2,6-dimethoxyphenyl)phenylalanine (Example 95),

' N-(2—(N-methyl—N—isopropylamino)-S-(2-ﬂuorophenyl)pyrimidin—4—yl)-
L-4-(2,6-dimethoxyphenyl)phenylalanine (Example 96),

N-(2-(N-methyl-N-isopropylamino)-5-(2-fluorophenyl)pyrimidin-4-yl)-
L-4-(2-methoxyphenyl)phenylalanine (Example 97),

N-(2-(N-methyl-N-cyclohexylamino)-5-(2,6-difluorophenyl)pyrimidin-
4-y1)-L-4-(2,6-difluorophenyl)phenylalanine (Example 98),

N-(2-(N-methyl-N-cyclohexylamino)-5-(2-
hydroxymethylphenyl)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine (Example 99),

N-(2-(N,N-bis-(2-hydroxyethyl)amino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine (Example 100),



WO 00/43372

PCT/US00/01686

—~233 --

- N-(2-(N-methyl-N-cyclohexylamino)-5-(2-
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trifluoromethylphenyl)pyrimidin-4-yI)-L4-(2-
cyanophenyl)phenylalanine (Example 101),

N-(2-(N-methyl-N-cyclohexylamino)-5-(3-thienyl)pyrimidin-4-yl)-L4-
(2,6-dimethoxyphenyl)phenylalanine (Example 102),

N-(2-(N-methyl-N-cyclohexylamino)-5-(2-thieny)pyrimidin-4-yl)-L-4-
(4-trifluoromethylphenyl)phenylalanine (Example 103),

N-(2-(N-methyl-N-cyclohexylamino)-5-(3-pyridyl)pyrimidin-4-y1)-L-4-
(2,6-dimethoxypheny!)phenylalanine (Example 104),

N-(2-(N-methyl-N-cyclohexylamino)-5-(3-nitrophenyl)pyrimidin-4-y)-
L-4-(2,6-dimethoxyphenyl)phenylalanine (Example 105),

N-(2-(N-methyl-N-cyclohexylamino)-5-(2,6-dichlorophenyl)pyrimidin-
4-yh)-L-4-(2,6-dimethoxyphenyl)phenylalanine (Example 106),

N—(2-(N-methyl-N-cycIohexyiamino)—S—(4-pyridyl)pyrimidin—4~yI)—L-4-
(3-hydroxymethylphenyl)phenylalanine (Example 107),

N-(2-(N-ethyl-N-isopropylamino)-5-(2,6-dimethoxyphenyl)pyrimidin-
4-y1)-L-4-(2,6-dimethoxyphenyl)phenylalanine (Example 108),

N-(2-(N-methyl-N-cyclohexylamino)-5-(2,3-dichlorophenyl)pyrimidin-
4-y1)-L-4-(2,6-dimethoxyphenyl)phenylalanine (Example 109),

N-(2-(N-methyl-N-ethylamino)-5-(2,4,6-trimethylphenyl)pyrimidin-4-
yl)-L-4-(2-cyanophenylphenylalanine (Example 110),

N-(2-(N-methyl-N-isopropylamino)-5-(2,4,6-
trimethyiphenyl)pyrimidin-4-y1)-L-4-(3-pyridyl)phenylalanine
(Example 111),

N-Q2-(N,N-bis-(2-hydroxyethyl)amino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-y1)-L-4-(2-cyanopheny!)phenylalanine
{Example 112),

N-(2-(N-methyl-N-(1-methylpiperidin-4-y!)amino)-5-(2-
cyanophenyl)pyrimidin-4-yl)-L-4-(2,6-difluorophenyl)phenylalanine
(Example 113),

N-(2-(N-ethyl-N-isopropylamino)-5-(2,4,6-trimethylphenyl)pyrimidin-
4-yl)-L-4-(o-tolyh)phenylalanine (Example 114),
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N-(2-(N-methyl—N-4-chlorophenylamind)-S-(Z,4,6-
trimethylphenyl)pyrimidin-4-yl)-L-4~(2,6- -
dimethoxyphenyl)phenylalanine (Example 115), .

5 N-(5-(N-_methyleN-2-(phenyl)ethylamino)pyrimidin-4-y_l)—L—4-(N,N—
dimethylcarbamyloxy)phenylalanine (Example 116),

N-(5-(N-methyl-N-hexylamino)pyrimidin-4-yl)-L-4-(N,N-

- dimethylcarbamyloxy)phenylalanine (Example 117),

- N«(5-(N-methyl-N-isopropylamino)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine (Example 118), :

| N-(5-(N-methyl-NQisQprdpylamino)pyrimidin-4-yl)—L—4-(N,N-
15 dimethylcarbamyloxy)phenylalanine (Example 119),

* N-(5-(N-methyl-N-tert-butylamino)pyrimidin-4-y1)-L-4-(V,N-
- dimethylcarbamyloxy)phenylalanine (Example 120),

20 * N-(5-(N-ethyl-N-isopropylamino)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine (Example 121),

" N(5-(N-methyl-N-2-(4-pyridylethyl-pyrimidin-4-yI)-L4-(N,N-
dimethylcarbamyloxy)phenylalanine (Example 122),

25
N-(5-(N-methyl-N-2-(phenyl)ethylamino)pyrimidin-4-y1)-L-4-(4-(2,6-
- dimethoxyphenyl)phenylalanine (Example 123),

N—(5-(N—methyl-N-hexylamino)pyrimidin—4~yl)-L-4-(2,6-
30 dimethoxyphenyl)phenylalanine (Example 124),

N-(5-(N-methyl-N-isopropylamino)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine (Example 125), '

35 N-(5-(N-methy!-N-isopropylamino)pyrimidin-4-y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine (Example 126),

N-(5-(N-methyl-N-ferz-butylamino)pyrimidin-4-y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine (Example 127),

N-(5-(N-ethyl-N-isopropylamino)pyrimidin-4-y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine (Example 128),

N-(5-(N-methyl-N-2-(4-pyridyDethyl-pyrimidin-4-yl)-L-4-(2,6-
45 dimethoxyphenyl)phenylalanine (Example 129)
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N-(2-(N-methyl-N-cyclohexylamino)-5-ethylpyrimidin-4-yl)-L-4-(N, V-
dimethylcarbamyloxy)phenylalanine (Example 130).
5 Example 131
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Synthesis of
N-(4-(N,N-Di-n-hexylamino)-1,1-dioxo-1,2,5-thiadiazol-3-yl)-L-tyrosine

Step A: Preparation of 3,4-Diethyloxy-1-ox0-1,2,5-thiadiazole and
3,4-Diethyloxy-1,1-dioxo-1,2,5-thiadiazole

The title intermediates were prepared according to the procedures
described in R. Y. Wen et al, J Org Chem., (1975) 40, 2743; and R. Y. Wen
et al, Org Prep Proceed., (1969) 1, 255.

Step B: Preparation of 4-(N,N-Di-n-hexylamino)-3-ethoxy-1,1-dioxo-
1,2,5-thiadiazole

Dihexylamine (90 mg, 0.48 mmol) was added to a solution of 3,4-
diethyloxy-1,1-dioxo-1,2,5-thiadiazole (100 mg, 0.48 mmol) in ethanol (5
mL) and the reaction stirred overnight at room temperature. The solvent was
removed under reduced pressuré and the residue absorbed onto silica gel, and
purified by flash column chromatography (silica, hexane:EtOAc 3:1) to yield
the title intermediate (120 mg, 72%).

Physical data were as follows:

MS ( El, m/e) 345.

Step C: Preparation of N-(4-(N,N-Di-n-hexylamino)-1,1-dioxo-1,2,5-
thiadiazol-3-yl)-L-tyrosine tert-Butyl Ester

A solution of 4-(N,N-di-n-hexylamino)-3-ethoxy-1,1-dioxo-1,2,5-
thiadiazole (400 mg, 1.02 mmol) and L-tyrosine t-butyl ester (261 mg, 1.1
mmol) in EtOH (10 mL) was stirred at room temperature for 36 hrs. The

solvent was removed under reduced pressure residue purified by flash column
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chromatography (silica, hexane:EtOAc 3:1 then 1:1) to give the title
compound as a white waxy solid (400 mg, 73%).

Physical data were as follows:

Anal. Calc'd for Cy7Hy4N4Os S.0.55E10Ac: C, 59.93; H, 8.34; N,
9.57. Found: C5984 H, 844 N,9.62.

Step D: Preparatlon of N-(4-(N, N-Dl-n-hexylammo)-l 1-dioxo-1,2,5-
thiadiazol-3-y))-L-tyrosine

The compound from Step C (10_0 mg, 0.19 mmol) was dissolved in
formic acid and the mixture stirred at room temperature for 36 hrs. Excess
formic acid was removed under reduced pressure to yield the title compound
as a white solid (90 mg, 98 %).

Physical data were as follows:

Anal. Calc'd for Cy3H3gN4O5 S: C, 57.48; H, 7.55; N, 11.66.
Found: C,57.04; H, 7.23; N,11. 38

Example 132

Synthesis of
N-(4-(N, N-Dl-n-hexylammo)-l 1-dioxo-1 2,5-th|ad|azol-3-yl)-L-4-(N N-
dimethylcarbamyloxy)phenylalanine

Step A: Preparation of N-(4-(N,N-Di-n-hexylamino)-1,1-dioxo-1,2,5-
thiadiazol-3-yl)-L-4-(N, N-dlmethylcarbamyloxy)-
phenylalanine tert-Butyl Ester

N-(4-(N,N-Di-n-hexylamino)-l,1-dio_)co-l,2,5-thi‘adiazol-3-yl)—L-
tyrosine tert-butyl ester (180 mg, 0.34 mmoL) was dissolved in pyridine (5

ml). Dimethylcarbamoyl chloride (108 mg, 1 mmol) was added 'd.ropwise

and the mixture stirred at room temperature overnight. Pyridine was
removed under high vacuum (low water bath temperature), the residue
absorbed onto silica gel and purified by flash column chromatography (silica,

hexane:EtOAc 2:1) to yield the title compound (140 mg, 68 %).
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Step B: Preparation of N-(4-(N,N-Di-r-hexylamino)-1,1-dioxo-1,2,5-
thiadiazol-3-yl)-L-4-(N, N-dimethylcarbamyloxy)-
phenylalanine

The compound from Step A (140 mg, 0.23 mmol) was dissolved in
formic acid and the mixture stirred at room temperature overnight. Excess
formic acid was removed under reduced pressure to yield the title compound
as a white solid (110 mg, 87 %).

Physical data were as follows:

Anal. Calc'd for CygHgqN5sOg S: C, 56.6; H, 7.49; N, 12.69.
Found: C,56.67; H, 7.4; N,12.46.

Example 133

Synthesis of
N-(4-(N,N-Di-n-hexylamino)-1,1-dioxo-1,2,5-thiadiazol-3-yl)-L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine

Step A: Preparation of N-(4-(N,N-Di-#-hexylamino)-1,1-dioxo-1,2,5-
thiadiazol-3-yl)-L-4-(4-methylpiperazin-1-
ylcarbonyloxy)phenylalanine tert-Butyl Ester

A solution of N-(4-(N,N-di-»-hexylamino)-1,1-dioxo-1,2,5-thiadiazol-
3-yl)-L-tyrosine tert-butyl ester (500 mg, 0.93 mmol), and p-nitrophenyl
chloroformate (179 mg, 0.89 mmol) in dichloromethane (20 mL) was cooled
to 0°C under an argon atmosphere. Triethylamine (235 mg, 2.32 mmol) was
added dropwise and the mixture stitred at 0°C for 30 mins, then allowed to
warm to room temperature for a further 40 mins. The mixture was recooled
to 0°C and N-methylpiperazine (90 mg, 0.89 mmol) added. The mixture was
allowed to warm to room temperature and stirred for three hours.

The mixture was diluted with diethyl ether (150 mL) and the organic solution
washed with 10% potassium carbonate solution until no further yellow color
was produced in the aqueous phase. The organic layer was separated, dried

(MgSO,) and the solvent removed under reduced pressure. The residue was
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purified by flash column chromatography. (siliéa, EtOAc:MeOH:EtxN

194:5:1) to give the title co_mpbund as a pale yellow foam (310 mg, 50 %).

Physical data were as follows:
Anal. Calc'd for C33Hs4NgOg S: C, 59.79; H, 8.21; N, 12.68.
Found: C,59.47; H, 8.25; N,12.49

Step B: Preparation of N-(4-(N,N-Di-n-hexylamino)-1,1-dioxo-1,2,5-
thiadiazol-3-yl)-L.-4-(4-methylpiperazin-1-.
ylcarbonyloxy)phenylalanine

The compound from Step A (200 mg, 0.3 mmol) was dissolved in
t_‘ormic acid (5 mL) and the mixture stirred at room temperature for 48 hrs.
Excess formic acid was removed under reduced pressure and the residue
recrystallized from EtOAc/MeOH .to yield the title compound as an off-white
solid (120 mg, 67 %). |

Physical data were as follows:

Anal. Calc'd for CygHygNgOg S.0.75H,0: C, 56.15; H, 7.72; N,
13.55. Found: C, 56.1; H, 7.44; N, 13.46.

Example 134

Synthesis of
N-[4-(2-(3-Methylphenylaminocarbonylamino)eth-1-ylamino)-1,1-dioxo-
1,2,5-thiadiazol-3-yl}-L-4-(N,N-dimethylcarbamyloxy)phenylalanine

Step A:  Preparation of N-(4-Ethoxy-1,1-dioxo-1,2,5-thiadiazol-3-y})-
L-tyrosine tert-Butyl Ester

A solution of 3,4-diethyloxy-1,1-dioxo-1,2,5-thiadiazole (400 mg,
1.94 mmol)and L-tyrosine t-butyl ester (1.25 g, 5.2 mmol) in ethanol (25
mL) was stirred at room terﬁperatufe overnight. Solvent was removed under
reduced pressure and the product used in further transformations without
further purification (Yield 790 mg).

PCT/US00/01686
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Step B: Preparation of 2-(3-Methylphenylaminocarbonylamino)eth-
1-ylamine

N-Boc-Ethylene diamine (800 mg, 5 mmol) and m-tolyl isocyanate
(665 mg, 5 mmol) were dissolved in acetonitrile and the mixture stirred at
room temperature for 4 hrs. Solvent was removed under reduced pressure
and the residue absorbed onto silica gel; prior to purification by flash column
chromatography (silica, hexane:EtOAc 1:1) to yield the desired compound as
a white solid (300 mg, 21 %) (MS ( +ESI, m/e) 294 (M+H)*). The N-Boc
protected compound (300 mg, 1.02 mmol) was dissolved in formic acid (10
mi) and the mixture stirred at room temperature overnight. Excess acid was

removed to yield the formate salt of the title compound as a white foam (210

mg).

Step C: Preparation of N-[4-(2-(3-Methylphenylamino-
carbonylamino)eth-1-ylamino)-1,1-dioxe-1,2,5-thiadiazol-3-
yl}-L-tyrosine teljt'-Bt'ltyl Ester

To a solution of N-(4-ethoxy-1,1-dioxo-1,2,5-thiadiazol-3-yl)-L-
tyrosine tert-butyl ester from Step A (150 mg, 0.38 mmol) and the formate
salt of 2-(3-methylphenylaminocarbonylamino)eth-1-ylamine from Step B
(210 mg, 0.89 mmol) in ethanol (10 mL) was added triethylamine (133 mg,
1.44 mmol). The reaction was stirred at room temperature overnight.
Solvent was removed under reduced pressure and the residue purified by
flash column chromatography (silica, 5 % MeOH in EtOAc)to give the title
compound (130 mg, 91%).

Physical data were as follows:

MS ( +ESI, m/e) 545 M+H)*.

PCT/US00/01686
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Step D: Preparation of N-[4-(2-(3-Methylphenylamino-
carbonylamino)eth-1-ylamino)-1,1-dioxe-1,2,5-thiadiazol-3-
yl]-L-4-(N,N-dimethylcarbamyloxy)phenylalanine tert-Buty}
Ester : ' '

10

15

20

30

~ The interinediate from Step C (130 mg, 0.24 mmol) was dissolved in
pyridine (5 mL). Dimethylcatbamoyl chloride (77 mg, 0.72 mmol) was
added dropwise and the mixture heated at 50°C under an argon atmosphere

~overnight. Pyridine was removed under reduced pressure, the residue

absorbed onto silica gel and puriﬁed by flash column chromatography (silica,
hexane:EtOAc 1:2, then 5% MeOH in EtOAc) to yield the title compound
(140 mg, 93 %). o

Physical data were as follows:

MS ( +ESI, m/e) 616 M+H)"*.

Step E: Preparation of N-[4—(2-(3-Methylphenylamino-
. carbonylamino)eth-1-ylamino)-1,1-dioxe-1,2,5-thiadiazol-3-
yl}-L-4-(N,N-dimethylcarbamyloxy)phenylalanine

The compound from Step D (120 Ihg, 0.19 mtnol) was dissolved in
formic acid (10 mL) and the mixture stirred at room temperature for 36 hrs. -
Excess acid was reinoved to yield the title compound as a pale yellow foam
(100 mg, 93 %). ' |

Physical data were as follows:

MS ( +ESI, m/e) 560 (M+H)*.

PCT/US00/01686
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Example 135

Synthesis of
N-(4-(N,N-Dimethylamino)-1-oxo-1,2,5-thiadiazol-3-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine fers-Butyl Ester

Step A: Preparation of N-(4-Ethoxy-1-0x0-1,2,5-thiadiazo}-3-yl)-L-
tyrosine tert-Butyl Ester

A solution of 3,4-diethoxy-1-oxo-1,2,5-thiadiazole (1 g, 0.52 mmol)
and L-tyrosine t-butyl ester (1.25 g, 0.52 mmol) in ethanol (25 mL) was
stirred at room temperature for 60 hr. Solvent was removed under reduced
pressure and the residue purified by flash column chromatography (silica,
hexane:EtOAc 1:1 to give the title intermediate (1.75 g, 88 %).

Physical data were as follows:

MS ( +ESI, m/e) 382 (M+H)*.

Step B: Preparation of N-(4-Ethoxy-1-0xo-1,2,5-thiadiazol-3-yl)-L-4-
(N,N-dimethylcarbamyloxy)phenylalanine fert-Butyl Ester

The iniennediate from Step A (400 mg, 1.05 mmol) was dissolved in
pyridine (10 mL) and dimethylcarbamoy! chloride (338 mg, 3.15 mmol) was
added. The reaction was stirred at room temperature under an inert
atmosphere overnight. TLC indicated large amounts of unreacted starting
material so the mixture was heated at 50°C for a further 48 hrs. Excess
pyridine was removed under reduced pressure and the residue purified by
flash column chromatograph); (silica, hexane:EtOAc 1:1 to give the title
intermediate (280 mg, 59 %).

Physical data were as follows:

MS ( +ESI, m/e) 453 (M +H).

PCT/US00/01686
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Step C: Preparation of N-(4-(N,N-Dimefhylamino)-l-oxo-1,2,5-
thiadiazol-3-yl)-L-4-(V,/V- _
dimethylcarbamyloxy)phenylalanine fert-Butyl Ester

A 2M solution of dimethylamine in THF (5 mL, 10 mmol) was added
to a solution of the compound from Step B (180 mg, 0.35 mmol) in ethanol
(10 mL). The reac'ti_on_ was stirred at room temperature overnight and solvent -
removed under reduced pressure. Residue was purified by flash column
chromatography (silica, EtOAc:MeOH:EtN 90:10:1) to give the title
compound as a white foam (140 mg, 88 %). |

Physicai data were as follows: _

Anal. Calc'd for CyygHpoNsOs S: C, 53.2; H, 6.47; N, 15.51.
Found: C,52.94; H, 6.18; N,15.34.

- Example 136

) _ Synthesis of .
N-(5-(2,2,2-Trifluoroethy)pyrimidin-4-yl)-L-4-(2,6-
- dimethoxyphenyl)phenylalanine
: Substifuting L-4-(2,6-dimethoxyphenyl)phenylalanine methy! ester

from Method TTT for L-4-(N,N~dimethylcarbamyloxy)phenylalanine tert-
bﬁtyl ester and following the procedure described for the preparation of -
Example 31 yielded the title compound. '

Physical data were as follows: |

'H NMR (CD,0D): 6 8.41 (s, 1H), 8.05 (s, 1H), 7.24 (t, 1H), 7.2 (,
2H), 7.1 d, 2H), 6.67 (d, 2H), 5.1 (dd, 1H), 3.65 (s, 6H), 3.61-3.42 (m,
2H), 3.36 (dd, 1H), 3.2 (dd, 1H). | |

BC NMR (CD;0D): & 175.8, 162.3, 159.2, 157.9, 155.8, 136.9,
134.4, 132.2, 130.0, 129.5, 127.4, 120.9, 109.6, 105.7, 56.8, 56.2, 37.9,

32.6.
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Example 137

Synthesis of
N-(2~(N-Cyclohexyl-N-methyl)-5-(2-tolyl) pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine

Substituting L-4-(2,6-dimethoxyphenyl)phenylalanine methyl ester
from Method TTT for L-4-(N,N-dimethylcarbamyloxy)phenylalanine tert-
butyl ester and following the procedure described for the preparation of
Example 14 yielded the title compound.

Physical data were as follows:

'H NMR (CD,0D): & 7.37-7.19 (m, 5.5H), 7.09-7.02 (m, 4H), 6.94
(d, 0.5H), 6.68 (d, 2H), 4.79-4.74 (m, 0.5H), 4.69-4.65 (m.0.5H), 3.67 (s,
3H), 3.65 (s, 3H), 3.44-3.33 (m, 1H), 3.02-2.95 (m, 4H), 2.19 (s, 1.5H),
1.85-1.71 (m, 6.5H), 1.57 (m, 4H), 1.29-1.2 (br s, 1H). |

Example 138

Synthesis of
N-(5-(2-Fluorophenyl)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine

Substituting L.-4-(2,6-dimethoxyphenyl)phenylalanine methyl ester
from Method TTT for L-4-(N,N-dimethylcarbamyloxy)phenylalanine terz-
butyl ester and following the procedure described for the preparation of
Example 70 yielded the title compound.

Physical data were as follows:

H NMR (CD,OD): 3 8.50 (s, 1H), 8.01 (s, 1H), 7.3-7.0 (m, 9H),
6.69 (d, 2H), 5.0 (m, 1H), 3.65 (s, 6H), 3.20-3.05 (m, 2H).

3C NMR (CD,0OD): & 153.2, 151.6, 147.1, 130.2, 128.6, 126.7,
126.6, 126.5, 126.4, 126.3, 123.9, 123.5, 123.2, 120.5, 120.4, 111.7,
111.4, 99.6, 59.3, 31.7.
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.~ . Synthesis of-
N—(2-(N-Methyl-N-propyl)-5-(2-tolyl)pyr|midm-4-yl)-L-4-(2 6-
5 dlmethoxyphenyl)phenylalanme
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) Substltutmg L-4-(2, &dnmemoxyphenyl)phenylalanme methy! ester
from Method TTT for L-4-(N,N-dimethylcarbamyloxy)phenylalanine terz-
butyl ester and following the procédure described forjthe preparétion of
Example 61 yielded the title compound. '

Physical data were as follows:

‘H NMR (CD,0D): 6 10.30-8.80 (br, 1H), 7.68 (s, 0.5H), 7.63 (s,
0.5H), 7.40-6.60 (m, 1H), 6.15 (m, 1H), 4.70 (m, 1H), 3.68 (s, 3H), 3.66
(s, 3H), 3.80-3.00 (m, 4H), 3.07 (s, 3H), 2.12 (s, 1.5H), 2.08 (s, 1.5H),
1.61 (bs, 2H), 0.87 (bs, 3H). ' ' '

Example 140

Synthesis of _
N-(3-Chloropyrazin-2-yl)-L-4-[1-(tert-butoxycarbonyl)piperidin-4-
- ylcarbonylamino]phenylalanine Ethyl Ester

Step A: Preparatlon of N—(3-Chloropyrazm—2-yl)-
nitrophenylalanine

4-Nitrophenylalanine (50 mm, 10.59 xﬁg) were stirred in absolute -
ethanol containing 1.0 eq (1.26 g) of sodium metal. The reaction mixture -
was stripped to a brown solid and the sodium salt was taken up in 200 mL of
butanol containing 1.0 eq (7.45 g) 2,3-dichloropyrazine. The reaction

mixture was refluxed overnight and the solvent was then removed under

reduced pressure. The residue was taken up in ethyl acetate and washed with

water (1 x), brine (1 x), dried over Na,SO,, filtered and stripp_ed to give 15.5
g of the title intermediate as a brown oil.

Physical data were as follows:

Analytical: MS: (+)FAB [M+H] @ M/Z 323 with 1 Cl.

PCT/US00/01686
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Step B: Preparation of N-(3-Chloropyrazin-2-yl)-L-4-
nitrophenylalanine Ethyl Ester

The intermediate from Step A was suspended in 300 mL of absolute
ethanol. The reaction flask was placed in an ice bath and cooled to 0°C and
HCI1 (g) was bubbled into reaction for 15 minutes. The gas tube was replaced
with a drying tube and the reaction mixture was warmed to room temperature
and stirred overnight. Ethanol Wa's stripped off under reduced pressure to
afford a dark brown residue which was taken up in ethyl acetate and washed
with sat. NaHCO, (2x), H,0 (1x), brine (1x), dried over Na,SO,, filtered and
stripped to afford 15 g of a dark brown oil. This oil (8.0 g) was
chromatographed on 2 silica 60 column packed in methylene chloride to
provide 1.5 g (20% yield) of the title intermediate.

Physical data were as follows:

Analytical: MS: EI M* @ M/Z 350 1 Cl present.

Step C: Preparation of N-(3-Chloropyrazin-2-yl)-L-4-
aminophenylalanine Ethyl Ester

The intermediate from Step B (0.75 g, 0.021 mol) was placed in a
Paar hydrogenation bottle with 50 mL ethanol and 0.40 g of Pd/C catalyst.
The bottle was placed on Paar shaker under 50 psi of H, for 3 hrs. The
reaction mixture was then filtered through a sintered glass funnel (F) and the
filtered catalyst was washed with ethanol. The combined filtrates were
stripped to a yellow oil and the oil was taken up in ethyl acetate. A yellow
precipitate formed and was filtered off. The filterate was washed with
NaHCO, solution (1 x), H,0 (1x), brine (1x), dried over Na,SO,, filtered and
stripped to afford the title intermediate as a yelow oil (0.340 g, 55% yield).

Step D: Preparation of N-(3-Chloropyrazin-2-yl)-L-4-[1-(tert-
butoxycarbonyl)piperidin-4-ylcarbonylamino]phenylalanine
Ethyl Ester
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N-Boc-piperidine 4-carboxylic acid (0.253 g, 1.0 eq ., 0.0011 mol)
was stirred in 30 mL niethylene chloride and reaction mixture was cooledto
0°C in ice bath. HOBt (0._2_24 g, 1.5 eq) was added and the mixture was’
stirred for10 minutes then the intermediate from Step C (1 eq., 0.32 g) wis
added. The reactioh mixture was stirred for 5 minutes and then 1,3-
dicyélohexylcarbodiimide (0.25g, 1.1eq) waé added. The reaction mixture
was warmed to room temperature and stirred qver'night.‘ The reaction was
then filtered and the filtrate was stripped.to give a yell_dw_ solid. The solid
was taken up in ethyl acetate and 'filtere_d. ‘The ethyl acetate solution was *
washed with 10% citric acid (1 x), H,0 (1 x), brine (1 x), dried over Na,SO,,
filtered and stripped to afford a yellow oil (0.630 g; MS: EI'M*. @ M/Z 531
(1 chloro)). The yellow oil was chromatographed on a silica 60 column
eluting with 3:1 hexane/ethyl acetate to afford 0.097 g of the title compound.
This .com'pound niay also be used as an inie_rmediate for other compounds of
this invention. | ' |

Physical data were as follows

Analytical: CHN: Theory (0.5 H,0): C, 57.71; H, 6.72; N, 12.94
Found: C, 57.79; H, 6.32; N, 12.78. MS: M* @ M/Z 531 (1 Chloro).

Example A '

In vitro Assay For Determmmg Binding of
Candidate Compounds to VLA-4

An in vitro assay was used to assess bind_ing of candidate compounds
to &P, integrin. Compounds which bind in this assay can be used to assess
VCAM-1 levels in biological samples by conventional assays (e.g.,
competitive assajs). This assay is sensitive to IC;, values as low as about -
1nM.

The activity of «,p, integrin was measured by the interaction of

soluble VCAM-1 with Jurkat cells (e.g., American'Type Culture Collection
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Nos. TIB 152, TIB 153, and CRL 8163), a human T-cell line which
expresses high levels of ¢,f, integrin. VCAM-1 interacts with the cell
surface in an o,f, integrin-dependent fashion (Yednock, et al. J. Biol.
Chem., 1995, 270:28740).

Recombinant soluble VCAM-1 was expressed as a chimeric fusion
protein containing the seven extracellular domains of VCAM-1 on the N-
terminus and the human IgG, heavy chain constant region on the C-terminus.

The VCAM-1 fusion protein was made and purified by the manner described
by Yednock, supra.

Jurkat cells were grown in RPMI 1640 supplemented with 10% fetal

_bovine serum, penicillin, streptomycin and glutamine as described by

Yednock, supra.

Jurkat cells were incubated with 1.5 mM MnC}, and 5 ug/mL 15/7
antibody for 30 minutes on ice. Mn*? activates the receptor to enhance
ligand binding, and 15/7 is a monoclonal antibody that recognizes an
activated/ligand occupied conformation of o,f, integrin and locks the
molecule into this conformation thereby stabilizing the VCAM-1/¢,B,
integrin interaction. Yednock, et al., supra. Antibodies similar to the 15/7
antibody have been prepared by other investigators (Luque, et al, 1996, J.
Biol. Chem. 271:11067) and may be used in this assay.

Cells were then incubated for 30 minutes at room temperature with
candidate compounds, in various concentrations ranging from 66 M to 0.01
u#M using a standard 5-point serial dilution. 15 uL soluble recombinant
VCAM-1 fusion protein was then added to Jurkat cells and incubated for 30

minutes on ice. (Yednock et al., supra.).
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_ Cells were then washed two times and resuspended in PE-conjugated
goat F(ab'), anti-mouse IgG Fc'(Immunotech, Westbrook, ME) at 1:200 and |
incubated on ice, in the dark, for 30 minutes. Cells were washed twice and -
analyzed with a standard fluorescence activated cell sorter ("FACS") analysis
as described in Yednock, et al., supra. '

Compounds having an IC;, Of less than about 154M possess binding
affinity to o,B,. '

- When tested in this assay, each of the compound prepai‘ed in the
above examples has or is expected to have an IC;, of 15 «M or less (or is

expected to be active in vivo).

- Example B

In vitro Saturation Assay For Determining Binding of
Candidate Compounds to o,p,

The following describes an in vitro assay to determine the plasma

levels needed for a compound to be active in the Expenmental Auto:mmune

~ Encephalomyelitis ("EAE") model, described in the next example, or in other |

in vivo models.

Log-growth Jurkat cells are washed and resuspended in normal animal
plasma containing 20 pg/ml of the 15/7 antibody (described in the above

example).

The Jurkat 'cells are diluted twd-fold into either normal plasma
samples containing known candidate compound amouhts in various
concentrations ranging from 66 uM to 0.01 M, using a standard 12 point
serial dilution t_’or a standard curve, or into plasma saxﬁples obtained from the

peripheral blood of candidate compound-treated animals.
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Cells are then incubated for 30 minutes at room temperature, washed
twice with phosphate-buffered saline ("PBS") containing 2% fetal bovine
serum and 1mM each of calcium chloride and magnesium chloride (assay

medium) to rermove unbound 15/7 antibody.

The cells are then exposed to phycoerythrin-conjugated goat F(ab'),
anti-mouse IgG Fc (Immunotech, Westbrook, ME), which has been adsorbed
for any non-specific cross-reactivity by co-incubation with 5% serum from
the animal species being studied, at 1:200 and incubated in the dark at 4°C

for 30 minutes.

Cells are washed twice with assay medium and resuspended in the
same. They are then analyzed with a standard fluorescence activated cell

sorter ("FACS") analysis as described in Yednock et al. J. Biol. Chem.,
1995, 270:28740.

The data is then graphed as fluorescence versus dose, e.g., in a
normal dose-response fashion. The dose levels that result in the upper
plateau of the curve represent the levels needed to obtain efficacy in an in

vivo model.

This assay may also be used to determine the plasma levels needed to
saturate the binding sites of other integrins, such as the oy, integrih, which
is the integrin most closély related mbl (Palmer et al, 1993, J. Cell Bio.,
123:1289). Such binding is predictive of in vivo utility for inflammatory
conditions mediated by a,B, integrin, including by way of example, airway
hyper-responsiveness and occlusion that' occurs with chronic asthma, smooth
muscle cell proliferation in atherosclerosis, vascular occlusion following
angioplasty, fibrosis and glomerular scarring as a result of renal disease,

aortic stenosis, hypertrophy of synovial membranes in rheumatoid arthritis,

PCT/US00/01686
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and inflammation and scarring that occur with the progression of ulcerative

_ colitis and Crohn's disease.

Accordingly, the above-described assay may be performed with a
human colon carcinoma cell line,_ SW 480 (ATTC #CCL228) transfected with :
cDNA encoding «, integrin (Yokosaki et al., 1994, . Biol. Chem.,

| 269:26691), in place of the Jurkat cells, to measure the biriding'of the o,

integrin. As a control, SW 480 cells which express other & and B, subunits

may be used.

Accordingly, another aspect of this invention is directed to a method
for treating a disease in a mammalian patient, which disease is mediated by
o,f,, and which method comprises administering to said patient a
therapeutically effective amount of a compound of this invcntion'.' Such' :
compounds are preferably administered in a pharmaceutical composition |
described herein above. Effective daily dosing will depend upon the age,
weight, condition of the patient which factors can be readil)" ascertained by

the attending clinician. However, in a preferred embodiment, the compounds

are administered from about 20 to 500 pg/kg per day.

Example C

- In vivo Evaluation

The standard multiple sclerosis model, Experimental Autoimmune (or
Allergic) Encephalqmyelitis ("EAE"), was used to determine the effect of
candidate compounds to reduce motor impairmént in rats or guim;'a pigs. '
Reduction in motor impairment is based on blocking adhesion between
leukocytes and the endothelium and correlates with anti-inflammatory aétivity
in the candidate compound. This model has been previously described by
Keszthelyi et al., Neurology, 1996, 47:1053-1059, and measures the delay of

onset of disease.
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Brains and spinal cords of adult Hartley guinea pigs were
homogenized in an equal volume of phosphate-buffered saline. An equal
volume of Freund's complete adjuvant (100 mg mycobacterium tuberculosis
plus 10 mi Freund's incomplete adjuvant) was added to the homogenate. The
mixture was emulsified by circulating it repeatedly through a 20 ml syringe
with a peristaltic pump for about 20 minutes.

Female Lewis rats (2-3 months old, 170-220 g) or Hartley guinea pigs
(20 day old, 180-200 g) were anesthetized with isoflurane and three injections
of the emulsion, 0.1 ml each, were made in each flank. Motor impairment

onset is seen in approximately 9 days.

Candidate compound treatment began on Day 8, just before onset of
symptoms. Compounds were administered subcutaneously ("SC"), orally
{"PO") or intraperitoneally ("IP*). Doses were given in a range of 10mg/kg
to 200 mg/kg, bid, for five days, with typical dosing of 10 to 100 mg/kg SC,
10 to 50 mg/kg PO, and 10 to 100 mg/kg IP.

Antibody GG5/3 against o,p, integrin (Keszthelyi et al., Neurology,
1996, 47:1053-1059), which delays the onset of symptoms, was used as a
positive control and was injected subcutaneously at 3 mg/kg on Day 8 and
11.

Body weight and motor impairment were measured daily. Motor

impairment was rated with the following clinical score:

0 no change

1 tail weakness or paralysis
2 hindlimb weakness

3 hindlimb paralysis

4 moribund or dead
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A candidate compound was considered active if it delayed the onset of
symptoms, e.g., produced chmcal scores no greater than 2 or slowed body

weight loss as compared to the conttol

Example D
Asthma Model

Inflammatory conditions mediated by o,p; integrin include, for
example, airway hyper-responsiveness and occlusion that occurs with chronic
asthma. The following describes an asthma model which can be used to
study the in vivo effects of the compounds of this invention for use in treating
asthma.

Following the procedures described by Abraham et al, J. Clin. Ihvest,

'93:776-787 (1994) and Abraham et al, Am 3, Respir Crit Care Med, -

156:696-703 (1997), both of which are incorporated by reference in their
entirety. Compbunds of this invention are formtilated into an aerdsol and -
administered tb sheep which are hypersensitive to Ascaris suum antigen.
Compounds which decrease the eai'ly' antigen-induced bronchial response
and/or block the late-phase airway response, e.g., have a protective effect
against anﬁgen—induced late responses and airway hyper-responsiveness

(*“AHR"), are considered to be active in this model.

~ Allergic sheep which are shown to develop both early and late
bronchial responses to inhaled Ascaris suum antigen are used to study the
airway effects of the candidate compounds. Following topical anesthesia of
the nasal passages with 2% lidocaine, a balloon catheter is advanced through
one nostril into the lower esophagus; The animals are then intubated with a
cuffed endotracheal tube through the other nostril with a flexible fiberoptic

bronchoscope as a guide.
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Pleural pressure is estimated according to Abraham (1994). Aerosols
(see formulation below) are generated using a disposable medical nebulizer
that provides an aerosol with a2 mass median aerodynamic diameter of 3.2 um
as determined with an Andersen cascade impactor.. The nebulizer is
connected to a dosimeter system consisting of a solenoid valve and a source
of compressed air (20 psi). The output of the nebulizer is directed into a
plastic T-piece, one end of which is connected to the inspiratory port of a
piston respirator. The solenoid valve is activated for 1 second at the
beginning of the inspiratory cycle of the respirator. Aerosols are delivered at
V; of 500 mt and a rate of 20 breaths/minute. A 0.5% sodium bicarbonate

solution only is used as a control.

To assess bronchial responsiveness, cumulative concentration-
response curves to carbachol can be generated according to Abraham (1994).
Bronchial biopsies can be taken prior to and following the initiation of
treatment and 24 hours after antigen challenge. Bronchial biopsies can be
preformed according to Abraham (1994).

An in vitro adhesion study of alveolar macrophages can also be
performed according to Abraham (1994), and a percentage of adherent cells
is calcuiated.

Aerosol Formulation
A solution of the candidate compound in 0.5% sodium

bicarbonate/saline (w/v) at a concentration of 30.0 mg/mL is prepared using

the following procedure:
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1. Add 0.5g sodium bicarbonate into a 100 mL volumetric flask.

2. Add approximately 90.0 mL saline and sonicate until

dissolved.

3. Q.S. to 100.0 mL with saline and mix thoroughly.

0 mL didate

a
'Ingredient Gram / 10.0 mL | -~ Final Concentration
Candidate 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
Procedure:

1. Add 0.300 g of the candidate 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 candidate compound is completely dissolved.
4. Q.S. to 10.0 mL with 0.5% sodium bicarbonate / saline stock

solution and mix thoroughly.

Using a conventional oral formulation, compounds of this invention

would be active in this model.
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Example E
Allograft Model

Allograft rejection, associated with infiltration of inflammatory cells,
is the leading obstacle to long-term allograft survival. Cell surface adhesion
molecules facilitate alloantigen recognition in vitro and may be critical for
lymphocyte traffic in vivo. The following describes a model which can be
used to study the in vivo effects of the compounds of this invention in the

control of allograft rejection.

The following procedures are described in Coito et al.,
Transplantation (1998) 65(6):699-706 and in Korom et al., Transplantation
(1998) 65(6):854-859, both of which are incorporated by reference in their
entirety.

Following the procedures described in Coito and Korom, male adult
rats weighing approximately 200 - 250 g are used in this model. Lewis rats
are used as the recipients of cardiac allografts from Lewis X Brown Norway
rats, Hearts are transplanted into the abdominal great vessels using standard

microvascular techniques.

A candidate compound is administered to the transplant recipient in a
suitable pharmaceutical carrier for a 7-day course of treatment starting the
day 6f the engraftment. Doses range from 0.3 to 30 mg/kg/day. Control
recipients receive the pharmaceutical carrier only. The rats are euthapized
and their cardiac allografts are analyzed as described in Coito and Korom.

Using conventional formmlations, compounds of this invention would

be active in this model.

PCT/US00/01686



10

15,

20

WHAT IS CLAIMED IS:

. B A method for treating a _disease_media_ted by VLA-4 ina -
patient, which method comprises administering a pharmaceutical composition
comprising a phannaéeuﬁcally acceptable carrier and a therapeutically

effective amount of a compound of formula Ia and/or Ib:

R2 . : ) .
X  and X
A e L
- © o o

_Ia : Ib

wherein, in formula Ia, R! and R?, together with the carbon atom and
W to which they are bound respectively, are joined to form an aryl,
cycloalkenyl, heteroaryl or heterocyclic grou'p having at least five atoms in
the aryl, cycloélkcnyl, heteroaryl or heterocyclic group and optionally

containing or additionally containing in the case of heteroaryl and

" heterocyclic groups 1 to 3 heteroatoms sclected from the group consisting of

oxygen, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic group
is mono-cyclic; ' |

in formula Ib, R! and R?, together with the carbon atom and W’ to.
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkeny! or heterocyclic group and optionally containing of
additionally cpntaining in the case of the heterocyclic group 1to 3

heteroatoms selected from the group consisting of oxygen, niirogen and

.sulfur, and wherein the heterocyclic group is mono-cyclic;

PCT/US00/01686
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. and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula Ia or Ib is optionally substituted, on any ring
atomn capable of substitution, with 1-3 substituents selected from the group
consisting of alkyl, substituted alkyl, alkoxy, substituted aikoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, substitated
thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted
thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy., substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonytamino, -OS(O),-alkyl, -OS(O),-substituted alkyl, -OS(O),-
aryl, -OS(0O),-substituted aryl, -OS(O),-heteroaryl, -OS(O),-substituted
heteroaryl, -OS(O)z-hetemcycIic, -0S(0),-substituted heterocyclic, -OSO,-
NRR where each R is independently hydrogen or alkyl, -NRS(O),-alkyl, -
NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-substituted aryl, -
NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(0),-heterocyclic, -NRS(Q),-substituted heterocyclic, -NRS(0),-NR-
alkyl, -NRS(O),-NR-substituted atkyl, -NRS(O),-NR-aryl, ;NRS(O)z-NR—
substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted heterocyclic
where R is hydrogen or alkyl, -N[S(O),-R’}, and -N[S(0O),-NR’}, where
each R’ is independently selected from the group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;
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R’ and R* are independently selected from the group consisting of
hydrogen, isopropyl, -CH,Z where Z is selected from the group consisting of
hydrogen, hydroxyl, acylamino, alkyl, alkoxy, aryloxy, aryl, aryloxyaryl,
carboxyl, carbbxylalkyl, cérboxyl—substimted alkyl, carboxyl-cycloalkyl, - -
carboxyl-sﬁbstituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic, -
carboxyl-substituted heterocyclic, cycloalkyl, substituted alkyl, substituted - -
alkoxy, substituted aryl, substituted aryloxy, substituted aryloxyaryl
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocychc and
substituted heterocyclic, and

where R’ and R* are joined to form a substituent selected from the
group consisti‘ng' of =CHZ where Z is defined above pfovided that Z is not
hydroxyl or thiol, cycloalkyl, substituted cycloalkyl, cycloalkenyl substituted -
cycloalkenyl, heterocyclic and substituted heterocyclic; '

Q is selected from the group consisting of -O-, -S-, -S(0)-, -S(O),,
and -NR*-;

R* is selected from the group consisting of hydrogen, alkyl,
substituted alkjl, alkenyl, substituted alkenyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic -
or, optionally, R* and R' or R* and R?, together with the atoms to which they
are bound, are joined to form a heteroaryl, a substituted heteroaryl, a
heterocyclic or a substituted heterocyclic group;.

W is selected from the group consisting of nitrogen and carbon; and

W’ is selected from the group consisting of nitrogen, carbon, oxygen,
sulfur, S(O), and S(O),;

X is selected from the group consisting of hydroxyl, alkoxy,
substituted alkoxy, alkenoxy, substituted alkenoxy, cycloalkoxy, substituted -
cycloalkoxy, cycloalkenoxy, substituted cycloalkenoxy, aryloxy, substituted
aryloxy, heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy,
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substituted heterocyclyloxy and -NR“R” where each R” is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic; ‘

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof; |

and further wherein the compound of formula Ia and/or Ib has a
binding affinity to VLA-4 as expressed by an IC;, of about 15uM or less.

2. The method of Claim 1, wherein R? is -(CH,),-Ar-R®, where
Ar is aryl, substituted aryl, heteroaryl and substituted heteroaryl; R® is
selected from the group consisting acyl, acylamino, acyloxy, aminoacyl,
aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy,
oxycarbonylamino, oxythiocarbonylamino, thicamidino, thiocarbonylamino,’
aminosulfonylamino, aminosulfonyloxy, aminosulfonyl, oxysulfonylamino

and oxysulfonyl; and x is an integer from O to 4; and R* is hydrogen.

3. The method of Claim 2, wherein R® is a group of the formula:

RO
'(CHz)x—@

wherein R® and x are as defined in Claim 2.

4.  The method of Claim 3, wherein R’ is in the para position of

the pheny! ring and x is an integer from 1 to 4.
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The method of Claim 4, wherein R’ is selected from the group

consisting of -O-Z-NR"'R'"" and -O-Z-R" wherein R" and R are
independehtly selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substiﬁxted-heterocyclic,-_ and where R and R™

are joined to form a heterocycle or a substituted heterocycle, R™ is selected-

from the group consisting of heterocycle and substituted heterocycle, and Z is

selected from the group consisting of -C(O)- and SO~

6.

or Iib;

The method of Claim 5, wherein Z is -C(0)-.
The method of Claim 6, wherein R’ is -OC(O)NR!'R!Y,

The method of Claim 1, wherein Q is -NR*-.

.The method of Claim 1, wherein the compound has formula Ia

R3 R3 S R
X
q _ Ila
N (o)
RsSO;,/ “Re
R R
e b
X
Q
N.
R R O
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;
wherein
ring A and ring B independently form a heteroaryl or substituted
heteroary] group having two nitrogen atoms in the heteroaryl ring;
RS is selected from the group consisting of alkyl, substituted alkyl,

5 alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substitited heteroaryl;

RS is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted

10 cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R'® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

15 or optionally, one of, R* and ring A, R* and R®, R* and R®, or R® and
RS, togefher with the atoms to which they are bound, can be joined to form a
heterocyclic or substituted heterocyclic ring;

and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof; and provided that ring B does not form a 6-amino or substituted

20 amino pyrimidin-4-yl group.

10.  The method of Claim 9, wherein ring A forms a pyridazine,
pyrimidine or pyrazine ring, wherein the pyridazine, pyrirhidine or pyrazine
ring is optionally substituted with 1 to 3 substituents selected from the group

25 consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen, and

ring B forms a pyridazine, pyrimidine, pyrazine, 1-oxo-1,2,5-

30 thiadiazole or a 1,1-dioxo-1,2,5-thiadiazole ring, wherein the pyridazine,
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pyrimidine or pyrazine ring is opiionally substituted with 1 to 3 substituents
selected from the group consisting of alkyl, substit_n‘ted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino, cyclbaikyl, substituted

_ cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

heterocyclic, substituted heterocyclic and halogen.

11.  The method of Claim 1, wherein the compound has formula
Hla, Illc, IIld, Iile or HIf:

_R7

R3 R¥ ) |
B)% L
- Hla
Rsso/ \R5
‘R16_ IN\N R3 R3
a7 / N X IIc
R18 'IL“"_ ©
AR
R16
Nl/kN RS R¥
i _ N X d
R18 IL“ O
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R16
R17
i XN RIR?
N~ N>§(x e
R2! lla'%" 0
(ﬁ)b
N’S\ N R RY.
>\—/4 )(r’/x 1t
RS—N N
(LT

R* is selected from the group consisting of hydrogen and alkyl or,

20 optionally, one of, R* and R®, R*' and R®, R® and RS, R’ and R®, or RS and

RS, together with the atoms to which they are bound, are joined to form a

heterocyclic, a substituted heterocyclic, a heteroaryl or substituted heteroaryl

group optionally containing from 1 to 3 additional hetero ring atoms selected

from the group consisting of oxygen, nitrogen and sulfur;

25

R¥" is selected from the group consisting of hydrogen and alkyl;
R’ is selected from the group consisting of alkyl, substituted alkyl,

alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted

heterocylic, heteroaryl and substituted heteroaryl;
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~ R® is selected from the group consisting of hydrogen, alkyl,

substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted

cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, and -SO,R'® where R' is selected from the
5 group consisting of alkyl, substituted alkyl, cycioalkyl, substituted

cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterodyclic, substituted -

heterocyclic, aryl, substituted aryl; heteroaryl, substituted heteroaryl;

R” and R® are independently selected from the group consisting of

hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,

10 substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted -
heterocyclic and halogén; .

R' and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino, B
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,

15  heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and ' '

R" is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, subétituted aryl, heteroaryl, substituted heteroaryl, |

20  heterocyclic and substituted heterocyclic; |

| R¥is selectéd from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and h‘al.ogcn;

25 R* js selected from the group cdnsisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bislor2;
and enantiomers, diastereomers and pharmaceutically acceptable salts

30 thereof.

MM AT



WO 00/43372

10

15

20

30

R A S

—~ 265 --

12.  The method of Claim 11, wherein the compound is selected
from formula ITId, Ille or HIf.

13. A method for treating a disease mediated by VLA4 in a
patient, which method comprises administering a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a therapeutically

effective amount of a compound of formula IVa and/or IVb:

2 R
R W RURS ~ W R>1“<R15
R 1/“\ NXX' and R 1/k T XI
R13 R13
IVa . IVb

u;hcrein, in formula IVa, R' and R?, together with the carbon atom
and W to which they are bound respectively, are joined to form an aryl,
cycloalkenyl, heteroaryl or heterocyclic group having at least five atoms in
the aryl, cycloalkenyl, heteroaryl or heterocyclic group and optionally
containing or additionally containing in the case of heteroaryl and
heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic group
is mono-cyclic;

in formula IVb, R! and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkenyl or heterocyclic group and optionally containing or
additionally containing in the case the heterocyclic group 1 to 3 heteroatoms
seiected from the group consisting of oxygen, nitrogen and sulfur, and

wherein the heterocyclic group is mono-cyclic;
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. and further wherein said aryl, c9¢loa1ky_i, cycloalkenyl, heteroaryl or

heterocyclic group of formula IVa or IVb is optionally substituted, on any

ring atom capable of substitution, with 1-3 substituents selected from the

group consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,

alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,

| acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,

aminothiocarbohylamiho, aminocarbonyloxy, aryl, substituted aryl, afyloxy,

- substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,

hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino, -

guanidinosuifone, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted -

thioaryl, thiocycioalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted .

thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, heteroaryl,

substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, = °

substituted cycloalkoxy, heteroaryloxy, substituted héteroaryloxy,

heterocyclyioxy, substituted heterocyclyloxy, oxyczirbonylamino, :
oxythiocarbonylamino, -OS(0),-alkyl, -OS(O),-substituted alkyl, -08(0),-
aryl, -OS(0),-substituted aryl, -OS(O)z-heteroéryl, -OS(O)Z-substitutéd
heteroaryl, 4OS(0)Z-heterocyclic, -OS(O)Z—substituted'hetgrocyclic, -0S0,-

NRR where each R is independently hydrogen or alkyl,

-NRS(O),-‘alky’l, -NRS(0),-substituted atkyl, -NRS(O),-aryl, -NRS(O),-
substituted aryl, -NRS(O),-heteroéryl, -NRS(O)Z;substimted heteroaryl,
-NRS(O),-heterocyclic, -NRS(OI)Z-substimted heterbcyclic, -NRS(0),-NR-
alkyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(0),-NR-
substituted aryl, -NRS(O)zéNR-het_eroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O)Z'-NR-hetefocyclic, -NRS(0),-NR-substituted héterocyciic
where R is hydrogen or alkyl, -N[S(O),-R'], and -N[S(0),-NR’], where
each R’ is independently selected from the group consisting of alkyl,

substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

heterocyclic and substituted heterocyclic;

s
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R" is selected from the group consisting of hydrogen, C, ;,alkyl, Cy,
and Cy-C, ;,alkyl, wherein alkyl is optionally substituted with one to four
substituents independently selected from R?; and Cy is optionally substituted
with one to four substituents independently selected from R;

RY is selected from the group consisting of hydrogen, C,,, alkyl,
Cy10 alkenyl, C, 4 alkynyl, Cy, Cy-C,., alkyl, Cy-C, ;, alkenyl and Cy-C,,,,
alkynyl, wherein alkyl, alkenyl, and alkynyl are optionally substituted with
one to four substituents selected from phenyl and RX, and Cy is optionally
substituted with one to four substituents independently selected from R;

or R, R™ and the atoms to which they are attached together form a
mono- or bicyclic ring containing 0-2 additional heteratoms selected from N,
O and S;

RY is selected from the group consisting of C, 4 alkyl, C,,, alkenyl,
Co10 alkynyl, aryl, aryl-C, i alkyl, heteroaryl, heteroaryl-C, ,, alkyl, wherein
alkyl, alkenyl and alkynyl are optionally substituted with one to four
substituents selected from R*, and aryl and heteroaryl are optionaily
substituted with one to four substituents independently selected from F’;

or R*, R” and the carbon to which they are attached form a 3-7
membered mono- or bicyclic ring containing 0-2 heteroatoms selected from
N, Oand §;

R* is selected from the group consisting of Cy and a group selected
from R*, wherein Cy is optionally substituted with one to four substituents
independently selected from R%

R® is selected from the group consisting of R®, C, ;o alkyl, C,.40
alkenyl, C, ,, alkynyl, aryl C, ;,alkyl, heteroaryl C,,, alkyl, wherein alkyl,
alkenyl, alkynyl, aryl, heteroaryl are optionally substituted with a group
independently selected from R;

R° is selected from the group consisting of halogen, NO,, C(O)OFR,
Ci4alkyl, C, ,alkoxy, aryl, aryl C,, alkyl, aryloxy, heteroaryl, NR'R?,
R'C(O)Re, NR'C(O)NR'RS, and CN;
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. RY and R® are independently selected from_ hy(_irogen, Cii0 alkyl, C,
alkenyl, C,,, alkynyl, Cy and Cy C, ,alkyl, wherein alkyl, alkenyl,
alkyny! and Cy are optionally substituted with one to four substituents
independently selected from R®;

or R! and R* together with the atoms to which they are attached form a
heterocyclic ring of 5 to 7 members containing 0-2 additional -
heteroatoms independéntly selected from oxygen, sulfur and nitrogen;

R and R® are independently selected from hydrogen, C,,, alkyl, Cy
and Cy-C,_j, alkyl wherein Cy is optionally substituted with C, , alkyl; or
R and R together with the carbon to which they are attached form a
ring of 5 to 7 members containing 0-2 heteroatoms independently
selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C, ,, alkyl, C, ;o
aikenyl, C,.10 alkynyl, cyano, aryl, aryl C, j,alkyl, heteroaryl, heteroaryl C,,,
alkyl, and -SO,R}; wherein alkyl, alkenyl, and alkynl are optionally -
substituted with one to four substitutents independéntly selected from R%; and
aryl and heteroaryl are each optionaily substituted with one to four
substituents indep‘endently selected from R®;

R is selected from the group consisting of C,_, alkyl, C,.,, alkenyl,
C..,0 alkynyl, and aryl; wherein alkyl, alkenyl, alkynyl and aryl are each -
optionally substituted with one to four substituents independently selected
from R®;

R* is selected from the group consisting of -OR?, -NO,, halogen,
-S(0),R%, -SR¢, -S(0),0R’, -S(0),,NRR?, -NR'R*, -O(CRR#),NR'R®,
-C(O)R?, -CO,R¢, -CO,(CR'RE),CONR'R?, -OC(O)R?, -CN, -C(O)NR'R?,
-NR!C(O)R¢, -OC(O)NRIR¢, -NR!C(O)OR®, -NR!C(O)NR'R", -CRYN-OR"),
CF;, oxo, NR"C(O)NR“SOZR‘, NR?S(0).R%, -OS(O),0RY, and
-OP(O)(OR%);;

RY is selected from the group consisting of R*, C, o alkyl, C,,,

alkenyl, C,,, alkynyl, aryl C, ,salkyl, heteroaryl C, ,, alkyl, cycloalkyl,
[

R



\

N Ny M R

10

15

20

c L Y s

- 269 -

heterocyclyl; wherein alkyl, alkenyl, alkynyl and aryl are each optionalty
substituted with one to four substitutents independently selected from R*;

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl;

m is an integer from 1 to 2;

n is an integer from 1 to 10;

W is selected from the group consisting-of carbon and nitrogen;

W is selected from the group consisting of carbon, nitrogen, oxygen,
sulfur, S(O) and S(O),;

X’ is selected from the group consisting of -C(O)OR¢,
-P(O)(OR%)(OR"), -P(O)(R%)(OR?), -$(0),ORY, -C(O)NRR", and -5-
tetrazolyl; ' :

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof;

and further wherein the compound of formula IVa and/or IVb has a
binding affinity to VLA-4 as expressed by an IC;, of about 15uM or less.

14.  The method of Claim 13, wherein R! and R?, together with the
carbon atom and W to which they are bound respectively, are joined to form
a heteroaryl or substituted heteroaryl group having two nitrogen atoms in the

heteroaryl ring.

15.  The method of Claim 14, wherein R! and R?, together with the
carbon atom and W to which they are bound respectively, are joined to form
a pyridazine, pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or 1,1-dioxo-
1,2,5-thiadiazole ring; wherein the pyridazine, pyrimidine, pyrazine, 1-oxo-
1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazoie ring is optionally substituted
with 1 to 3 substituents selected from the group consisting of alkﬁ,
substituted alkyl, alkoxy, substituted alkoxy, amino, substituted amino,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic and halogen.
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R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted

" cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted

heterocylic, heteroary! and substituted heteroaryl;

R is sefected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalky!, cycloalkenyl, substituted
cycloalkenyl, beterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R™ where R¥ is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and

R? and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
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substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen; _ _

R! and R" are ihdependently selected from the group consisting of
hydrdgen, alkyi,. _substimt_éd alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and

' haldgen;'and

R is selected from the group cdnsistiﬁg of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted aminb, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic; -

R is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, éubstituted heterocyclic and halogen;

R* is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, arﬂ, substituted aryl, heterocyclic and substituted heterocyclic;

bis1or2; | |

and enantiomers, diastereomers and pha'rmhceutically acceptable salts

thereof.

18.  The method of Claim 17, wherein the compound is selected
from formula Vd, Ve or V{. '

19. A method for treating a disease mediated by VLA-4 in a
patient, which method comprises administering a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a therapeutically

effective amount of a cbmpbund of formula VIa and/or VIb:

* c ¢ [ S *
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wherein, in formula VIa, R! and R?, together with the carbon atom
and W to which they are bound respectively, are joined to form an aryl,
cycloalkenyl, heteroaryl or heterocyclic group having at least five atoms in
the aryl, cycloalkenyl, heteroaryl or heterocyclic group and optionally
containing or additionally containing in the case of heteroaryl and
heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and sulfur, and wherein the heteroary! or heterocyclic group
is mono—éyclic;

in formula VIb, R' and R?, together with the carbon atom and W' to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkenyl or heterocyclic group and optionally containing or
additionally containing in the case of the heterocyclic group 1 to 3
heteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur, and wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula Vla or VIb is optionally substituted, on any
ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted atkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,

aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
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substituted arylo:ty, a';r,yloxyaryl, substituted ér)"loxyaryl, cyano, halogen,
hydroﬁtyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino, -
guanidinosulfone, thiol, thioalkjl, substituted thioalkyl, thioaryl, substituted
thioaryl, thiocycloalkyl, substituted thiocycloalkyi, _thioheteroaryl, substituted
thioheteroaryl, thioheterbcyclic, substituted thioheterocyclic, heteroaryl,
substituted heterdaryl, heterocyclic, substituted hetérocyclic, cycloalkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy, |

heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,

“oxythiocarbonylamino, -08(0),-alkyl, -OS(0),-substituted alkyl, -OS(O),-

aryl, -OS(O),-substituted aryl, -OS(O),-heteroaryl, -OS(O),-substituted
heteroaryl, -OS(O),-heterocyclic, -OS(0),-substituted heterocyclic, -OSO,-
NRR where each R is independently hydrogen or .alkyl, -NRS(O),-alkyl, -
NRS(0),-substituted alkyl; -NRS(O),-aryl, -NRS(O)z-substimted aryl, -
NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(0),-heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(0),-NR-
alkyl, -NRS(O),-NR-substituted élkyl, -NRS(0),-NR-aryl, -NRS(0O),-NR-
substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR—heterocyc_lic, -NRS(O),-NR-substituted heterocyclic -
where R is hydrogen or alkyl, -N[S(O),-R'], and -N[S(0),-NR'], tvhere :
each R’ is independently selected from the group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R? is selected from the group consisting of hydrogen, C,,, alkyl
optionally substituted with one to four substituents independently selected
from R* and Cy optionally substituted with one to four substituents
independently selected from RY’;

R* is selected from the group consisting of Ar'-Ar*-C, ., alkyl,
Ar'-Ar’-C,, alkenyl, Ar'-Ar’-C,,y, alkynyl, wherein Ar' and Ar® are
independently aryl or heteroaryl each of which is optionally substituted with
one to four substituents independently selected from R®’; alkyl, alkenyl and
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alkynyl are optionally substituted with one to four substituents independently
selected from R¥;

R? is selected from the group consisting of hydrogen, C, ,, alkyl,
C,. alkenyl, C,,, alkynyl, aryl, aryl C, salkyl, heteroaryl, and heteroaryl C,.
10 alkyl, wherein alkyl, alkenyl and alkyny! are optionally substituted with
one to four substituents selected from R*, and aryl and heteroaryl are
optionally substituted with one to four substituents independently selected
from R®;

R¥ is selected from the group consisting of Cy, -OR?, -NO,, halogen
-$(0)R?, -SRY, -S(0),0R?, -S(0),NRYR®, -NRIR®, -O(CR R#"), NR*R",
-C(O)R?, -CO,R?, -CO,(CRR#),CONR?R®, -OC(O)R?, -CN,
~C(O)NRYR®, -NRYC(O)R®, -OC(O)NR*R®, -NR¥C(O)OR",
-NR?*C(O)NR?R?, -CR¥(N-OR*), CF,, and -OCF;;

wherein Cy is optionally substituted with one to four substituents

. independently selected from R’

RY is selected from the group consisting of R, C, , alkyl, C, ¢
alkenyl, C,,, alkynyl, aryl C, ,, alkyl, heteroaryl C, ,,alkyl,

wherein alkyl, alkenyl, aryl, heteroaryl are optionally substituted with
a group independently selected from R

R® is selected from the group consisting of halogen, amino, carboxy,
C,. alkyl, C,, alkoxy, aryl, aryl C,, alkyl, hydroxy, CF;, and aryloxy;

RY and R are independently selected from hydrogen, C, ,, alkyl, C,..,
alkenyl, C,,, alkynyl, Cy and Cy C, jealkyl, wherein alkyl, alkenyl, alkynyl
and Cy are optionally substituted with one to four substituents independently
selected from R°; or RY and R® together with the atoms to which they are
attached form a heterocyclic ring of 5 to 7 members containing 0-2 additional
heteroatoms independently selected from oxygen, sulfur and nitrogen;

R" and R#' are independently selected from hydrogen, C,, alkyl, Cy
and Cy-C, ,, alkyl; or Rf and R¥' together with the carbon to which they are
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attached form a ring of 5 to 7 members containing _0—2 _hetetoatoms

independently selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C,, alkyl,

-Cz 10 , alkenyl, C, ;0 alkynyl cyano, aryl, aryl C,,,, alkyl, heteroaryl

heteroaryl C, o alkyl or -SOzR'

wherein alkyl, alkenyl, and alkynyl are optionally substituted with one
to four substitutents independently selected from"R""; and aryl and heteroaryl
are each optionally substituted with one to four substituents independently -
selected from R®;

R¥ is selected from the group consisting of C, ;, alkyl; C;.,0 alkenyl,
C,.10 alkynyl, and aryl; | B '

wherein alkyl, alkenyl, aikynyl and aryl are each optionally
substituted with one to four substituents independently selected from R*;

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl;

X" is selected from the group consisting of -C(O)ORY, R
-P(O)(OR*)(OR®), -P(O)R*¥)(OR*), -8(0),,OR?, -C(O)NRYR¥, and -5-
tetrazolyl; o

m is an integer from 1 to 2;

nis an integer frqm 1to 10;

and enantiomers, diastereomers and phanhaceutically acceptable salts
thereof’, '

and further wherein the compound of formhia IVa and/or IVD has a

binding affinity tb VLA-4 as expressed by an IC;, of about 15uM or less.

20.  The method of Claim 19, wherein R! and R?, together with the

carbon atom and W to which they are bound respectively, are joined to form

“a heteroaryl or substitutéd heteroaryl group having two nitrogen atoms in the

R —
R g
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. 21.  The method of Claim 20, wherein R' and R?, together with the
carbon atom and W to which they ate bound respectively, are joined to form
a pyridazine, pyrimidine, pyrazine, 1-oxo0-1,2,5-thiadiazole or 1,1-dioxo-
1,2,5-thiadiazole ring; wherein the pyridazine, pyrimidine, pyrazine, 1-oxo-
1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazole ring is optionally substituted
with 1 to 3 substituents selected from the group consisting of alkyl,
substituted alkyl, alkoxy, substituted alkoxy, amino, substituted amino,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl,

substituted heteroaryl, heterocyclic, substituted heterocyclic and halogen.
22.  The method of Claim 19, wherein X" is -C(O)OR?".

23, The method of Claim 19, wherein R¥ is -CH,-Ar*~Ar" and R
is hydrogen.

24.  The method of Claim 19, wherein the compound has formula
VlIa, VIc, VIId, VIle or VII:

R?
N 4‘\ N R¥R®
RO/S/Ik N><X" Vila
RSSO{ N\Rs :
R N\\N R24R25
AL
R18 R2
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wherein

RS is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted 'heteroaryl;

RS is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, beterocyclic, substituted heterocyclic, aryl, substituted aryl,
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heteroaryl, substituted heteroaryl, and -SO,R!® where R'® is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and

R? and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R and R" are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycioalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and

R* is selected from the.group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R? is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryi,
heterocyclic, substituted heterocyclic and halogen;

R* is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bislor2;

and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof.

25. The method of Claim 24, wherein the compound is selected
from formula VIId, VIIe or VIIf.
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26. The method of Claims 1, 13 or 19_, wherein the disease
mediated by VLA-4 is an inflammatory disease.

. semoniot e, NI

R2 '
\/IWL VA Sw orRe
: X  and
. QX{( - erx
o | o
Ia Ib

wherein, in formula Ia, R' and R?, together with the carbon atom and
W to which they are bound respectively, are joined to form an aryl,
cycloalkenyl, heteroaryl or heterocyclic group having at least five atoms in
the aryl, cycloalkenyl, hetéroaryl or heterocyclic group and 6ptionally
containing or additionally containing in the case of heteroaryl and
heterocyclic gi-oups 1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and Sulfur-, and wherein the heteroaryl or heterocyclic group
is mono-cyclic;

" in formula Ib, R! and Ri, together w_ith the carbon atom and W’ to
which they are bbund respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkenyl or heterocyclic group and optionally containing or
additionally containing in the case of the heterocyclic gfoup 1to3
lieteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur, and wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of fbrmﬁla Ia or Ib is optionally substituted, on any ring

atom capable of substitution, with 1-3 substituents selected from the group
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consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted
thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted
thioheteroaryl, thioheterocyclic, substituted thiobeterocyclic, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloaltkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, -OS(0),-alkyl, -OS(O),-substituted atkyl, -OS(0),-
aryl, -OS(0),-substituted aryl, -OS(0),-heteroaryi, -OS(O),-substituted
heteroaryl, -OS(0),-heterocyclic, -OS(0),-substituted heterocyclic, -OSO,-
NRR where each R is independently hydrogen or alkyl, -NRS(O),-alkyl, -
NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(Q),-substituted aryl, -
NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(0),-heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O),-NR-
alkyl, -NRS(O),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(0),-NR-
substituted aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted heterocyclic
where R is hydrogen or alkyl, -N[S(0),-R‘], and -N[S((_))z-.NR']2 where
each R’ is independently selected from the group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R® is -(CH,),-Ar-R’, where Ar is aryl, substituted aryl, heteroaryl and
substituted heteroaryl; R’ is selected from the group consisting of acyl,
acylamino, acyloxy, aminoacyl, aminocarbonylamino,

aminothiocarbonylamino, aminocarbonyloxy, oxycarbonylamino,
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oxythiocarbonylamino, thioamidino, thiocarboﬂylamino,
aminosulfonylamino, aminosulfonyloxy, aminosulfonyl, oxysulfonylamino
and oxysulfonyl; and x is an integer from O to 4; |

R* is selected from the group consisting of hydrogen, isopropyl,
-CH,Z wheré Z is selected from the group éonsisting- of hydrogen,'hydrokyl,
acylamino, alkyl, alkoxy, aryloxy, aryl, aryloxyaryl, carbokyl, |
carboxylalkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl, carboxyl-
substituted cyéloalkyl, 'carboxylaryl, carbbxyl'—subﬁituted_ aryl,
carboxylheteroaryl, carboxyl-substituted hetcroarjl, carboxylhetéiocyclic,
carboxyl-substituted heterocyclic, cycloalkyl, substituted alkyl, substituted
alkoxy, substituted aryl, substituted aryloxy, substituted aryloxyaryl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocycllc and
substituted heterocyclic;

Q is selected from the group consisting of -0- -S-, -S(O)- -S(O),
and -NR*-;

R is selected from the group consxstmg of hydrogen alkyl,
substituted alkyl alkenyl substituted alkenyl, cycloalky!, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl,
heteroaryl, substituted héteroéryl, heterocyclic and substituted heterocyclic
or, optionally, R* and R! or R* and R?, together with the atoms to which they
are bound, are joined to form a heteroai'yl, a substituted heteroafyl, a
heterocyclic or a substituted heterocyclic group;

W is selected from the group consisting of nitrogen and carbon; and

W’ is selected from the group consisting of nitrogen, carbon, oxygen,
sulfur, S(0), and S(0),;

X is selected from the group consisting of hydrbxyl,’ alkox'y,'
substituted alkoxy, alkenoxy, substituted alkenoxy, cycloalkoxy, substituted
cycloalkoxy, cyclbalkenoxy, substituted cycloalkenoxy, aryloxy, substituted
aryloxy, heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy,
substituted heterocyclyloxy and -NR"R” where each R” is independently
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selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and

substituted heterocyclic;
and enantiomers, diasteromers and pharmaceutically acceptable salts

thereof;
and further wherein the compound of formula Ia and/or Ib has a

binding affinity to VL A-4 as expressed by an IC;; of about 15zM or less.

28.  The compound of Claim 27, wherein R? is a group of the

R9
'(CHz)x—@

wherein R® and x are as defined in Claim 27; and R*' is hydrogen.

formula:

29.  The compound of Claim 28, wherein R® is in the para position

of the phenyl ring, and x is an integer from 1 to 4.

30. The compound of Claim 29, wherein R? is selected from the
group consisting of -O-Z-NR!R'" and -O-Z-R*2 wherein R and R!!" are
independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substituted heterocyclic, and where R and R
are joined to form a heterocycle or a substituted heterocycle, R is selected
from the group consisting of heterocycle and substituted heterocycle, and Z is
selected from the group consisting of -C(O)- and -SO;-.
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: . 31. - The compound of Clalm 30, wherein Z is -C(0)-.
32. The comploum.i of Claim 31,l whe_reih R’ is -OC(O)NRMR!Y',
33.  The compound of Claim 27, wherein Q is -NR-. |

34.  The compound of Claim 27, wherein the compound has

formula IIa or IIb:

resof Re . i .
; Ry M
R R
N_ O )

R Fe

wherein .

ring A and ring B independently form a heteroaryl or substituted
heteroaryl group having two nitrogen atoms in the heteroaryl ring;

R is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroary);
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. R® is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R!® where R!° is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

or optionally, one of, R* and ring A, R* and R%, R* and RS, or R’ and
RS, together with the atoms to which they are bound, can be joined to form a
heterocyclic or substituted heterocyclic ring;

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof; and provided that ring B does not form a 6-amino or substituted

amino pyrimidin-4-yl group.

35.  The compound of Claim 34, wherein ring A forms a
pyridazine, pyrimidine or pyrazine ring, wherein the pyridazine, pyrimidine
or pyrazine ring is optionally substituted with 1 to 3 substituents selected
from the grou;i consisting of alkyl, substituted alkyl, alkoxy, substituted
alkoxy, amino, substituted amino, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen, and

ring B forms a pyridazine, pyrimidine, pyrazine, 1-oxo-1,2,5-
thiadiazole or a 1,1-dioxo-1,2,5-thiadiazole ring, wherein the pyridazine,
pyrimidine or pyrazine ring is optionally substituted with 1 to 3 substituents
selected from the group consisting of alkyl, substituted alkyl, alkoxy,
substituted atkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen.
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: . 36. The compound of Claim 27, wherein the compound has
formula Ifa, Mic, IId, Ole or HIf: |

R7 -
3 | . Re R3 | .
| |
. N IIIa
L &
Rsso/ Ngs I —

10 S - | O R

N\\N R3 Rs
. _ : N Ilic
5 A e O

R18 R4

? A, ror
N“ SN RRS

: , N _ X IIId
R20 - N
e 0

L Z=
—S\_z/
—z
O
P
2

30 R
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R* is selected from the group consisting of hydrogen and alkyl or,
optionally, one of, R* and R®, R*' and RS, R® and R, R® and R®, or R® and
R?, together with the atoms to which they are bound, are joined to form a
heterocyclic, a substituted heterocyclic, a heteroaryl or substituted heteroaryl
group optionally containing from 1 to 3 additional hetero ring atoms selected
from the group consisting of oxygen, nitrogen and sulfur;

R*" is selected from the group consisting of hydrogen and alkyl;

RS is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl;

R® is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R!® where R'° is selected from the
group consisting of alkyl, substituted alkyl, cycloaikyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, _heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

R” and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
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substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen; o | )

~ R'and R are indepepdéntly sefected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,

5  substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclié, substituted heterocyclic and -
halogen; and ' | , _

R'® is selected from the group conéiéting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted -

I, 10 cycloalkyl, aryl, substituted aryl, heteroaryl substltuted heteroaryl

| heterocyclic and substituted heterocychc, _

R is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

15  .heterocyclic, substituted heterocyclic and halogen; o

R is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, arﬁ, substituted aryl, heterocyclic and substituted heterocyclic;'

- bislor2; _

20 - and enantiomers, diastereomers and pharmaceutically acceptable salts

theredf. '

37. . The compound of Claim 36, wherein the compound is selected
from formula I1Id, e or IIf.

25
. 38.. A compound of formula IVa:
2
R \W - R14 R15
R! /U\N XX’ IVa |
30 : -_

13

) 0 A
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wherein R! and R?, together with the carbon atom and W to which
they are bound respectively, are joined to form a heteroaryl group having two
nitrogen atoms in the heteroary! ring; .

and further wherein said heteroaryl group is optionally substituted, on
any ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted
thioaryl, thiocycloalkyl, substituted thiocycloalky!l, thioheteroaryl, substituted
thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyctyloky, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, -08¢0),-alkyl, -OS(O),-substituted alkyl, -OS(O),-
aryl, -OS(O),-substituted aryl, -OS(0),-heteroaryl, -OS(O),-substituted
heteroaryl, -OS(O),-heterocyclic, -OS(O),-substituted heterocyclic, -OSO,-
NRR where each R is independently hydrogen or alkyl, -NRS(O),-alkyl,
-NRS(O),-substituted alkyl, -NRS{O),-aryl, -NRS(O),-substituted aryl,
-NRS(0),-heteroaryl, -NRS(O),-substituted heteroary!, -NRS(O),-
heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O),-NR-atkyl,
-NRS(0),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-substituted
aryl, -NRS(O),-NR-heteroaryl, -NRS(O),-NR-substituted heteroaryl,
-NRS(0),-NR-heterocyclic, -NRS(O),-NR-substituted heterocyclic where R is
hydrogen or alkyl, -N[S(0),-R’), and -N[S(0),-NR’], where each R’ is
independently selected from the group consisting of alkyl, substituted alkyl,
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aryl, substituted aryl, heteroaryl, substituted héteroaryl, heterocyclic and

- substituted hetero-cyclic';

R is selected from the group éonsisting'o’f hydrogen, C,_,alkyl, Cy,
and Cy-C, o alkyl, wherein alkyl is dptionally Subsfitii_md with one to.'-four
substituénts ind_e;ienﬁén_tly selected from R and Cy is optionally éubstimted
with one to four substiiuents independently selected from R®;

R%is sél’ected from the group consisting of hydrogen, Ci.i0 alkyl, G,
alkenyl, C,.,, alkynyl, Cy, Cy-C,.,, alkyl, Cy-C,.,, alkenyl and Cy-C,_,,
alkynyl, wherein alkyl, alkenyl, and alkynyl are 'pptionally substituted with

one to four substituents selected from phenyl and R¥, and Cy is optionaily

- substituted with one to four substituents independently selected from R?;

or R®, R™ and the atoms to which they are attached together form a

mono- or bicyclic ring containing 0-2 additional het_eratoms selected from N,

'O.and S;

R" is selected from the group consisting of C,.,, alkyl,

Cy.10 alkenyl, C, o alkynyl, aryl, aryl-C, ,, alkyl, heteroaryl, heteroaryl-C, ,,
alkyl, wherein alkyl, alkenyl and alkynyl are optionally substituted with one
to four substituents selected from R*, and -aryl and. heteroaryl are optionally
substituted with one to four substituents independently selected from RY;

or R¥, R" and the carbon to which they are attached form a 3-7
membered mono- or bicyclic ring containing 0-2 heteroatoms selected from
N, O and S;

Ris sélected from the group consisting of Cy and a group selected
from R*, wherein Cy is optionally substituted with one to four substituents
independently selected from R o

R® is selected from the group consisting of R, C, ;palkyl, C, o
alkenyl, C,,,, alkynyl, aryl C, ,alkyl, heteroaryl C, ,, alkyl, wherein alkyl,
alkenyl, alkynyl, aryl, heteroaryl are optionally substituted with a group
independently selected from R°; .

R° is selected from the group consisting of halogen, NO,, C(O)OR',

* [+ L " -1 *
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C4alkyl, C,,alkoxy, aryl, aryl C,, alkyl, aryloxy, heteroaryl, NR'RE,
R'C(O)R¢, NR'C(O)NRRE, and CN;

R? and R° are independently selected from hydrogen, C, alkyl, C, 4
alkenyl, G, ,; alkynyl, Cy and Cy C, j,alkyl, wherein alkyl, alkenyl,
alkynyl and Cy are optionally substituted with one to four substituents
independently selected from R%;

or R? and R° together with the atoms to which they are attached form a
heterocyclic ring of 5 to 7 members containing 0-2 additional
heteroatoms independently selected from oxygen, sulfur and nitrogen;

R"and R¢ are independently selected from hydrogen, C,.,, alkyl, Cy
and Cy-C,, alkyl wherein Cy is optionally substituted with C, , alkyl; or
Rf and RE together with the carbon to which they are attached form a
ring of 5 to 7 members containing 0-2 heteroatoms independently
selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C,,, alkyl, C, o
alkenyl, C,,, alkynyl, cyano, aryl, aryi C,,, alkyl, heteroaryl, heteroaryl C, ,,
alkyl, and -SO,R}; wherein alkyl, alkenyl, and alkynl are optionally
substituted with one to four substitutents independently selected from R*; and
aryl and heteroaryl are each optionally substituted with one to four
substituents independently sefected from R®;

R! is selected from the group consisting of C,,, alkyl, C,,, alkenyl,
C, 10 alkynyl, and aryl; wherein alkyl, alkenyl, alkynyl and aryl are each
optionally substituted with one to four substituents independently selected
from R*;

R* is selected from the group consisting of -OR¢, -NO,, halogen,
-S(0),.R¢, -SR¢, -S(0),0R?, -S(0),,NR'R®, -NRR¢, -O(CR'R#),NR°R®,
-C(O)RS, -CO,R?, -CO,(CR'RE),CONRIR®, -OC(O)R?, -CN, -C(O)NR'R",
-NR!C(O)R®, -OC(O)NRIR°, -NR!C(O)OR®, -NR!C(O)NR?R®, -CR¥N-OR®),
CF,, oxo, NR'C(O)NR‘SO;R!, NR*S(0),,R®, -OS(0);0R’, and

-OP(O)(ORY;; —
gy
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. RY is selected from the .group consisting of R, C,,, alkyl, C,,,
alkenyl, C,.,q alkynyl, aryl C, ,alkyl, heteroaryl C, ,, alkyl, cycloalkyl,
heterocyclyl; wherein alkyl, alkenyl, alkynyl and aryl are each optionally -
substituted with one to four substimtents iﬁdependéntly'se!ected from R*;

Cy is cycloalkyl, hetérocyt:lyl,'aryl, or heteroaryl;

m is an integer from 1 to 2;

n is an integer from 1 to 10;

W is selected from the group 'consisting of carbon and nitrogen;

W’ is selected from the group consisting of carbon, nitrogen, oxygen,
sulfur, S(O) and S(O),;

X’ is selected from the group consisting of -C(O)OR?,
-P(O)(OR“)(OR‘), -P(O)(R")(OR’) -S(O),,,OR" -C(O)NR"Rh and -5—
tetrazolyl; _

and enatiomers, diastereomers and pharmaceutically acceptable salts
thereof; - - .

and further wherein the compound of fotmﬁla IVhasa binding
affinity to VLA-4 as expressed by an IC;, of about 15uM or less;

and prdvided that when R! and R’ together'wit'h the carbon atom and
W to which they are bound respectively, are joined to form a 2-
arylpyrimidin-4-yl group and R is hydrogen, then R" is not alky! of from 1
to 6 carbon atoms optionally substituted with hydroxy!; and when R! and R?,
together with the carbon atom and W to which they are bound respe_ctively,
are joined to form a 5-arylpyrazin-2-yl group and R* is hydrogen, then R is
not 4-hydroxybenzyl. |

'39.  The compound of Claim 38, wherein R' and R?, together with
the carbon atom and W to which they are bound respectively, are joined io
form a pyridazine, pyrimidine, pyrazine, i—oxo-1,2,5-'thiadiazole orl,1-
dioxo-1,2,5-thiadiazole ring; wherein the pyridazin_e, pyrimiditie, pyrazine,

1-oxo0-1,2,5-thiadiazole or a 1,1-dioxo-1,2,5-thiadiazole ring is optiona'lly-

B
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substituted with 1 to 3 substituents selected from the group consisting of
alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino, substituted amino,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic and halogen.

5
40.  The compound of Claim 38, wherein X' is -C(O)OR’.
41.  The compound of Claim 38, wherein the compound has
formula Va, V¢, Vd, Ve or Vf:

10

RO

30

' N |N
15 . ' .
. NN >< '
R N X Va
N 13
R5SQ, \{6
R ' NQN R14R15 Ve
R17 Z T X'
R1 R13
R16
NJ§N R14R15
'Y
==
R0 T o vd
R13
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R16
R17T o
, XN R“R‘-’f_ |
N~ 'N><X' Ve
R21 1'2_13
(o]
(g)b |
N~ N RM RS
\I/ Ve
RS__N N X' .
( l 13
R6 _

wherein

RS is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkényl, substituted cycloaikenyl, heterocyclic, substituted
heterocylic, heteroaryl and 'substittllted heteroaryl; |

R® is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R'® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substitutedi:ycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and
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R7 and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
beterocyclic and halogen;

- R and R" are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and

R®% s .selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
beterocyclic and substituted heterocyclic;

R? is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalky!, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen;

R is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycioalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bislor2;

and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof.

42.  The compound of Claim 41, wherein the compound is selected
from formula Vd, Ve or Vf.

PCT/US00/01686
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. 43. A compound of formula VIa and/or VIb:

R2

\W R24.R25 \W R24 R25
e I R
23 o | 2
Via - Vb

wherein, in formula VIa, R" and R?, together with the carbon atom
and W to which they are bound respectively, are joined to form an aryl,
cycldalkenyl, heteroaryl or heterocyclic group having at least five atoms in -
the aryl, cycloalkenyl, heteroaryl or heterocyclic groixp and optionally
containing or additionally containing in the case of heteroaryl and _
heterocyclic groups .1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic group
is mono-cyclic;

in formula VIb; R' and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl or heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkenyl or heterocyclic group and optionally containing or
additionally containing in the case of the heterocyclic group 1 to 3
heteroatoms selectéd from the group consisting of oxygen, nitrogen and
sulfur, and wherein the heterocyclic group is mono-cyclic;

and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula VIa or VIb is optionally substituted, on any
ring atom capable of substitution, with 1-3 substituents selected from the
group consisting o_f alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,

alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
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aminoﬁliocarbony_lamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, substimted
thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted
thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, hetéroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, -OS(0),-alkyl, -OS(O),-substituted alkyl, -OS(O),-
aryl, -OS(O),-substituted aryl, -OS(0),-heteroaryl, -OS(0),-substituted
heteroaryl, -OS(O),-heterocyclic, -OS(0),-substituted heterocyclic, -OS0,-
NRR where each R is independently hydrogen or alkyl,

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

RZ is selected from the group consisting of hydrogen, C, ,, alkyl
optionaily substituted with one to four substituents independently selected
from R* and Cy optionally substituted with one to four substituents
independently selected from R*’;

R? is selected from the group consisting of Ar*-Ar>-C, ,, alkyl,
Ar'-Ar’-C, ,, alkenyl, Ar'-Ar*-C, ,, alkynyl, wherein Ar! and Ar? are
independently aryl or heteroaryl each of which is optionally substituted with
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one to four substituents independently selected from R®’; alkyl, alkenyl and
alkynyl are optionally substituted with one to four substituents independently

selected from R¥;

R® is. selectéd from the group consisting _'of hydrogen, C, alkyl,
Cy0 alkenyl, Cy.p alkynyl, aryl, aryl C, qalkyl, heteroaryl, and heteroaryl C,.
1 alkyl, wherein alkyl, alkenyl and alkynyl are optionally substituted with '
one to four substituents selected from R¥, -and arYl and heteroaryl are
optionally substituted with one to four substituents independently selected
from R*’; _

R¥ is selected from the group consisting of Cy, -OR", -NO,, halogen
-S(0),R*, -SR*, -S(0),0R?, -S(0),NRYR?, -NR*R®, -O(CRTR?*),NR¥R*,
-C(O)RY, -CO,R?, -CO,(CRFR?),CONRYR®, -OC(O)R¥, -CN, '
-C(O)NR'R®, -NR*C(O)R*, -OC(O)NRYR®, -NR*C(O)OR*,
NC(O)NRYR®, -CRY(N-OR®), CF,, and -OCF,;

wherein Cy is optionally substituted. with one to four substituents

‘independently selected from R*;

R" is selected from the group consisting of R*, C,,, alkyl, C, o
alkenyl, C,.o alkynyl, aryl C, ., alkyl, heteroaryl C,_alkyl,
wherein alkyl, alkenyl, aryl, heteroaryl are optionally substituted with

a group independently selected from R*;

R® is selected from the group consisting of halogen, amino, carboxy,

- Cy, alkyl, C,, alkoxy, aryl, aryl C,, alkyl, hydroxy, CF,, and aryloxy;

R? and R* are independently selected from hydrogen, C, ;, alkyl, C,,,
alkenyl, C, ,, alkynyl, Cy and Cy C, ,,alkyl, wherein alkyl, alkenyl, alkyny!
and Cy are optionally substituted with one to four substimenis independently
selected from R®; or RY and R* together with the atoms to which they are. |
attached form a heterocyclic ring of 5 to 7 members containing 0-2 additional
heteroatoms independently selected from oxygen, sulfur and nitrogen;

R and R¥ are independently selected from hydrogen, C, , alkyl, Cy
and Cy-C, 0 alkyl; or R™ and R¥ together with the carbon to which they are

-

AR O+
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attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C, , alkyl,
Cy.10 alkenyl, C, 4 alkynyl, cyano, aryl, aryl C, ,, alkyl, heteroaryl,
heteroaryl C, ,, alkyl, or -SO,R";

wherein alkyl, alkenyl, and alkynyl are optionaily substituted with one
to four substitutents independently selected from R*; and ary! and heteroaryl
are each optionally substituted with one to four substituents independently
selected from R®;

R’ is selected from the group consisting of C,., alkyl, C,,,, alkenyl,
C,.i0 alkynyl, and aryl;

wherein alkyl, alkenyl, alkynyl and aryl are each optionally
substituted with one to four substituents independently selected from R

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl;

X" is selected from the group consisting of -C(O)OR?,
-P(O}OR*)(OR®), -P(O)R*¥)(OR*), -8(0),,OR?’, -C(O)NR¥R¥, and -5-
tetrazolyl;

m is an integer from 1 to 2;

n is an integer from 1 to 10;

and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof

and further wherein the compounds of formula VIa and/or VIb have a
binding affinity to VLA-4 as expressed by an IC;, of about 15uM or less.

44.  The compound of Claim 43, wherein R' and R?, together with
the carbon atom and W to which they are bound respectively, are joined to
form a heteroaryl or substituted heteroaryl group having two nitrogen atoms

in the heteroaryl ring.

LR
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. 45.  The compound of Claim 44, wherein R! and R?, together with

‘the carbon atom and W to which they are bound respectiVely, are joined to

form a pyridazine, pyrimidine, pyrazine, 1-0xo¢1,2,5-thiadiazdIe_ orl,l- -
dioxo-1,2,5-thiadiazole ring; wherein the pyridazine, pyrimiiiine', pyrazine,
1-0x0-1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazole ring is optionally "
substituted with 1 to 3 substituents selected from the grbup consisting of
alkyl, substituted alkyll, alkoxy, substituted alkoxy, amino, substituted amino,
cycloatky!l, substitu_'ted cycloalkyl, aryl, substituted aryl, heteroaryl,

substituted heteroaryl, heterocyclic, substituted heterocyclic and halogen. -
46.  The compound of Claim 43, wherein X" is -C(O)OR?".

47.  The compound of Claim 43, wherein R** is -CH,-Ar’-Ar" and

'R is hydrogen.

48.  The compound of Claim 43, wherein the compound has
formula VIIa, VIIc, VIId, Ve or VIIf:

R7 |
N %L N R24 R2s
LA
V/‘ﬁ/kN X" ' VIIa

. T
RS0 s \
o I-'l!'ll!lﬂl'ﬂ""!ﬂ?fl'lﬂlﬂ!'f?

ORval '

Viic
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wherein

T

I P >< VIId
R17 ?l "
R

R20 23

R16
R17

| XN R2R2

Nj)\'rx N Vile
R21 R2Z .
(ﬁ)b
S

N R
>\ / X VIIf
Ré—N N X"

R’ is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted

heterocylic, hetéroaryl and substituted heteroaryl;

R® is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted

cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
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heteroaryl, substituted heteroaryl, and -SO,R™ where R is selected from the
grbup consisting of alkyl, substituted alkyl, cycloalk_y.l, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substitutegi
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and

R’ and R® are independenﬂy selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, sixbstitﬁted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R'® and R" are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substitutéd aryl,
heteroaryl, substituted heteroaryl, heterocyclic, sﬁbstituted heterocyclic and
halogen; and

R* is selected from the group consisting of alkyl, substituted alkyl,

- alkoxy, substituted alkoxy, amino, substituted amino, cyéloalkyl,-substituted

cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R®js seiected from the group cdnsisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen; |

R?! js selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted

- cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bislor2;

- and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof.

49.  The compound of Claim 48, wherein the compound is selected

from formula VIId, VIle or VIIf.

O
1181 |
* c L ] S % .
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. 50. A compound selected from the group consisting of:
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N-(2-chloro-5-nitropyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-{5-(N-4-toluenesulfonylamino)pyrimidin-4-y1]-L-4-(V,N-
dimethylcarbamyloxy)phenylalanine terr-butyl ester,

N-[5-(N-4-toluenesulfonylamino)pyrimidin-4~yl]-L-4—(N,N-
dimethylcarbamyloxy)phenylalanine,

N-[5-(N-methyl-N-4-toluenesulfonylamino)pyrimidin-4-y1]-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine rert-butyl ester,

N-[5-(N-methyl-N-4-toluenesulfonylamino)pyrimidin-4-y1]-L-4-(V,N-
dimethylcarbamyloxy)phenylalanine,

N-[5-(N, N-di-4-toluenesulfonylamino)pyrimidin-4-y1}-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-[5-[N-(1-N’-methylpyrazol-4-ylsulfonyl)-N-methylamino]pyrimidin-
4-yl}-L-4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-[5-(N-methyl-N-4-toluenesulfonylamino)pyrimidin-4-yI]-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine isopropyl ester,

N- [5-(N-methyl-N—3-pyridylsulfonyIamino)pyrimidin—4—yl]-L—4-(N,N—
dimethylcarbamyloxy)phenylalanine terz-butyl ester,

N-(5-(N-methyl-N-(1-butylpyrazol-4-yl)sulfonylamino)pyrimidin-4-yl)-
L-4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(5-(2,4-dimethoxypyrimidin-5-yl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2,6-difluorophenyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-hydroxymethylphenyl)pyrimidin-4-yI)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-cyclobexylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,
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. N-(2-(N-méthyl-N-(l-methylpiperidin-4-yl)amino)-S-(2--
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tolyl)pyrimidin—4-yl)-L-4-(N N_-dimethy,lcarbamyloxy)phenylalanine

N—(2-(N-ethyl-N-:sopropylammo)-S (2—tolyl)pynm1d1n-4-yl)-L-4-(N N-
dlmethylcarbamyloxy)phenylalanme _

N-(5-(2 4-6-tnmethylphenyl)pynmldm-4-yl)-L-4~(N N-
dimethylcarbamyloxy)phenylalanine,

N-(5-isopropylpyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2- (N-methyl-N-butylammo)- -(2-toIyl)pynmndm-4-yl)-L~4~(N N-
dimethylcarbamyloxy)phenylalanine, :

N-(2-(N-ethyl—N-;propylarnino)-5-(2-tolyl)pyrimidin-4-yl)~L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N,N-dicthylamino)—S-(Z-tolyl)pyrimidin¥4-yl)-L-4-(MN-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-ethylamino)- 5-(2-tolyl)pynmldm-4-yl)-L-4-(N N-
dxmethylcarbamyloxy)phenylalamne

N-(5-benzyloxypy'rimidin-4-yl)-L-phenylalanine,

N-(5-benzyloxypyrimidin-4-y!)-L-4-(N.N-
dxmethylcarbamyloxy)phenylalanme

N-(S-(N-methyI-N-4-toluenesulfonylammo)pynm1dm—4-yl)-L-
phenylalanine,

N-(5-(N-methyl-N-3-pyridinesulfonylamino)pyrimidin-4-yI)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-phenylpyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(3-(N-methyl-N—4’-tolueneSulfon}damino)pyrazin—Z-yl)—L-4—(MN-
dimethylcarbamyloxy)phenylalanine, '

N-(5-(2,2,2-trifluoroethyl)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,



e T A P 3 TN e

WO 00/43372

\

a7 —

- 305 -

. N-(5-(N-methyl-N-3-pyridinesulfonylamino)pyrimidin-4-y1)-L-4-(4-
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methylpiperazin-1-ylcarbonyloxy)phenylalanine isopropyl ester,

N-(5-benzylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl-N-3-pyridinesulfonylamino)pyrimidin-4-yl)-L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine tert-buty! ester,

N-(5-(2-trifluoromethylphenyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-N, N-dimethylcarbamylethyDpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl-N-3-(1-methylpyrazole)sulfonylamino)pyrimidin-4-yl)-
L-4-(N, N-dimethylcarbamyloxy)phenylalanine isopropyl ester,

N-(6-phenylpyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(6-(2-triflucromethylphenyl)pyrimidin-4-y1)-L-4-(V,N-
dimethylcarbamyloxy)phenylalanine,

N-(6-(2-hydroxymethylphenyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-cyclohexylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-2-furanmethylamino)-5-(2-tolyl)pyrimidin-4-y1)-L-
4-(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-4-chlorophenylamino)-5-(2-tolyl)pyrimidin-4-yI)-L-
4-(N, N-dimethylcarbamyloxy)phenylalanine,

N-(5-(3-thienyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-thienyl)pyrimidin-4-y!)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-2-hydroxyethylamino)-5-(2-fluorophenyl)pyrimidin-
4-yl)-L-4-(N,N-dimethylcarbamyloxy)phenylalanine,
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N-(5-(piperidin-1-yl)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine, '

N-(S-(l-propylbutyl)pyrimidin—4-yl)—L-4-(MN— :
di_methylcarbamyloxy)pheny]alanine,. '

N-(2-(N-methyl-Nocyclobutylammo)—S—(Z-tolyl)pynm1dm-4-yl)-L-4-
1A N-dlmethylcarbamyloxy)phenylalamne, '

N-(2-(N-methyl-N-cyclobutylamino)-5-ethylpyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine, :

N-(2-(N,N-bis-(2-hydroxyethyl)amino)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N,N—bis—(2-hydroxyethyl)amino)-5-(2-tolYl)pyriniidin-4—yl)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methy]-N-phenylamino)-5-(2-tolyl)pyrimidin-4-yI)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(isopropoxy)- 5-(2-tolyl)pynm1dm—4—yl)-L-4-(N N-.
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-3_-methylbutylammo)-S-(2-tolyl)pyrimidin-4-yl)-L-
4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methylamino)-35 ~(2-tolyl)pynmxdm-4-yl)-L—4—(N N-
dxmethylcarbamyloxy)phenylalamne, .

N-2-(2-tolyl)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N.N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-2-hydroxyethylammo)-S-(2-tolyl)pynmndm—4-yl)—L-
4-(N,N-dimethylcarbamyloxy)phenylalanine,

N-(Z-(N-methyl-N-Z-methylpropylammo)-5-(2-tolyl)pynmxdm—4-yl)-L-
4-(N, N-dnnethylcarbamyloxy)phenylalamne,

N-(2-(N-methyl-N-propylamino)-3-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N,N-dimethylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

-

AT
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. N~(2-(N-methyl-N-cyclohexylamino)-5-(3-pyridyl)pyrimidin-4-yl)-L-4-

10
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35

(N, N-dimethylcarbamyloxy)phenylalanine,

N-(5-(2-phenyl-2,2-difluoroethyl)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(S{Z-phenyl-Z,2~diﬂuoroethyl)-6-chloro;;yrimidin-4-yl)-L-4~(MN-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-phenylethyl)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-propylpyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-methoxyphenyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-fluorophenyh)pyrimidin-4-y1)-L-4-(N, N- .
dimethylcarbamyloxy)phenylalanine,

N-(2-(N-Methyl-N-isopropylamino)-5-(2-tolyl)pyrimidin-4-yl)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine,

N-(2-(N-isopropylamino)-5-(2-tolyl)pyrimidin-4-yI)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(2-phenylethyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine isopropyl ester,

N-(3-(N-methyl-N-4-toluenesulfonylamino)pyrazin-2-yl)-L-
phenylalanine isopropyl ester,

N-(5-(2-phenylethyl)pyrimidin-4-yl)-L-phenylalanine isopropyl ester,

N-(5-(N-methyl-N-3-pyridinesulfonylamino)pyrimidin-4-y1)-L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2-tolyl)pyrimidin-4-y1)-L-4-
(N, N-dimethylcarbamyloxy)phenylalanine,
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N-(5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N- ,
dimethylcarbamyloxy)phenylalanine isopropyl ester,

N-(5-(3-nitrophenyl)pyrimidin-4-yl)-L-4-(N,N- -
dimethylcarbamyloxy)phenylalanine,

N~(5-(3-pyridyD)pyrimidin-d-yl)-L-4-(N, N- | \\ o
din(ne-t(hylcarbarrZyloxy)phenylallnine,( B . | I /"l’!l Im ”!’H”!’ ” l”l :

N-(5-(2-phenylethyl)pyrimidin-4-y1)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N-(2-N, N-dimethylamino-5-(N-methyl-N-4-
toluenesulfonylamino)pyrimidin-4-yl)-L-phenylalanine,

N-(5-(2-tolyl)pyrimidin-4-yl)-L-4-(N, N-
dimethylcarbamyloxy)phenylalanine,

N- (2-(N-methyl-N-cyclohexylammo)-5-(2-methoxyphenyl)pyr|m1dm-4-
yD-L4-(2, 6-d1methoxyphenyl)phenylalamne.

N-(2-(N-methyl-N-isopropylamino)-5-(2-fluorophenyl)pyrimidin-4-y1)-
L-4-(2,6-dimethoxyphenyl)phenylalanine,

N-(Z-(N-methyl—N-isopropylamino)—S-(Z-ﬂuorophenyl)pyriniidin-4—yl)-
L-4»(2'-methoxyph’enyl)phenylalanine

N- (2-(N—methyl-N-cyclohexylammo)—S (2, 6-dlﬂuorophenyl)pynmxdm-
4-y1)-L-4-(2,6-difluorophenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2-
hydroxymethylphenyl)pyrimidin-4-y})-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(2-(N,N-bis-(2-hydroxyethyl)amino)-5-(2,4,6-
trimethylphenypyrimidin-4-y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2- _
trifluoromethylphenyl)pyrimidin-4-y1)-L-4-(2-
cyanophenyl)phenylalanine,

N-(2-(N—methyl-N-cyclohexylamino)~5—(3-thienyl)pyrimidin-4-yl)-L-4-
(2,6-dimethoxyphenyl)phenylalanine,
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. N-(2-(N-methyl-N-cyclohexylamino)-5-(2-thienyl)pyrimidin-4-y1)-L-4-
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(4-trifluoromethylphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(3-pyridyl)pyrimidin-4-yl)-L-4-
(2,6-dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(3-nitrophenyl)pyrimidin-4-y1)-
1-4-(2,6-dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2,6-dichlorophenyl)pyrimidin-
4-y1)-L-4-(2,6-dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(4-pyridyl)pyrimidin-4-y1)-L-4-
(3-hydroxymethylphenyl)phenylalanine,

N-(2-(N-ethyl-N-isopropylamino)-5-(2,6-dimethoxyphenyl)pyrimidin-
4-y1)-L-4-(2,6-dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-cyclohexylamino)-5-(2,3-dichlorophenyl)pyrimidin-
4-yl)-L-4-(2,6-dimethoxypheny!)phenylalanine,

N-(2-(N-methyl-N-ethylamino)-5-(2,4,6-trimethylphenyl)pyrimidin-4-
yD-L-4-(2-cyanophenyl)phenylalanine,

N-(2-(N-methyl-N-isopropylamino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-yl)-L-4-(3-pyridyl)phenylalanine,

N-(2-(N,N-bis-(2-hydroxyethyl)amino)-5-(2,4,6-
trimethylphenyl)pyrimidin-4-yl)-L-4-(2-cyanophenyl)phenylaianine,

N-(2-(N-methyl-N-(1-methylpiperidin-4-yl)amino)-5-(2-
cyanophenyl)pyrimidin-4-y1)-L-4-(2,6-difluorophenyl)phenylalanine,

N—(2-(N-ethyl-N-isopropylamino)—S—(i,4,6-trimethylphenyl)pyrimidin—

4-yl)-L-4-(o-tolyl)phenylalanine,

N-(2-(N-m;zﬂxyl-N-4-chlorophenylamino)-S-(2,4,6— \\“\“\“

trimethylphenyl)pyrimidin-4-y1)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(5-(N-methyl-N-2-(phenyl)ethylamino)pyrimidin-4-yl)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl-N-hexylamino)pyrimidin-4-y1)-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine,
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N-(S-(N -methyl-N-1sopr0pylammo)pyr1m1dm-4—yl)-L-4-(N N-
dimethylcarbamyloxy)phenylalanine,

N-(5-(N-methyl—N-tert—butylammo)pynmxdm—4-yl)—L—4-(N,N—
dimethylcarbamyloxy)phenylalanine, '

N-(5-(N-ethyl-N-1sopropylammo)pyrumdm—4~yl)—L—4-(N N-
dnnethylcarbamyloxy)phenylalamne :

N-'(S-(N-methyl—N.-Z-(4—pyridy!)ethyl-pyrixhidin—’4-yl)-l:4-(N,N~
dimethylcarbamyloxy)phe'nylalanine,

N-(5-(N-methyl- N-2-(phenyl)ethylammo)pynmldm—4—yl)—L-4-(4-(2 6-
dimethoxyphenyl)phenylalanine,

N- (5-(N-methyl-N—hexylammo)pyrumdm—4—yl)-L—4w(2 6-
dimethoxyphenyl)phenylalanine,

- N- (5-(N-methyl-N-xsopropylanuno)pynmxdm—4—yl)—L-4—(2 6-
"dimethoxyphenyl)phenylalanine,

No(5-(N-methyl-N-tert-butylamino)pyrimidin-4-yl)-L4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(S-(N—ethyl-N—isopropylari1ino)pyrimidin—4—yl)—L—4-(2,6- '
dimethoxyphenyl)phenylalanine,

N—(S-(N-methyl-N-2-(4-pyridyl)ethyl-pyrimidin-4-yl)-L-4—(2,6-
dimethoxyphenyl)phenylalanine,

N-(2-(, N-methyl—N-cyclohexylammo)-S-ethylpynmndm—4—yl)—L—4~(N N-
dimethylcarbamyloxy)phenylalanine,

N-(4-(N, N-dx-n~hexylammo)-1 lodloxo—l 2 5-th1ad1azol-3-yl)-L-
tytosme,

N-(4-(N,N-di-n-hexylamino)-1,1-dioxo-1,2, 5-ﬂnadxazol-3-yl)-L-4~
v, N-dlmethylcarbamyloxy)phenylalamne,

N-(4-(N,N-dimethylamino)-1-oxo-1 2 5-th1ad1azol-3-yl)-L-4—(N N-
dimethylcarbamyloxy)phenylalanine zers-butyl ester,

N-[4-(2-(3-methylphenylaminocarbonylamino)eth-1-ylamino)-1,1-
dioxo-1,2,5-thiadiazol-3-yl}-L-4-(N,N-
dimethylcarbamyloxy)phenylalanine

LTI
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N-(4-(N,N-di-»-hexylamino)-1,1-dioxo-1,2,5-thiadiazol-3-yl)-L-4-(4-
methylpiperazin-1-ylcarbonyloxy)phenylalanine,

N-(S-(i,Z,Z-triﬂuoroethyl)pyrimidin-4—yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(2-(N-cyclohexyl-N-methyl)-5-(2-tolyl)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(5-(2-fluoropheny!)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(2-(N-methyl-N-propyl)-5-(2-toly)pyrimidin-4-yl)-L-4-(2,6-
dimethoxyphenyl)phenylalanine,

N-(3-chloropyrazin-2-yl)-L-4-[1~(tert-butoxycarbonyl)piperidin-4-
ylcarbonylamino]phenylalanine ethyl ester, -

and pharmaceutically acceptable salts thereof.

51. A pharmaceutical composition comprising a pharmaceuticaﬁy

acceptable carrier and a therapeutically effective amount of a compound of

formula Ia and/or Ib:

25

RZ

\/lvjv\ 7 Sy oreop
X  and /k X

} Q>§( ) er
' o .0
30

In Ib

wherein, in formula Ia, R' and R?, together with the carbon atom and

W to which they are bound respectively, are joined to form an aryl,

35 cycloalkenyl, heteroaryl or heterocyctlic group having at least five atoms in

the aryl, cycloalkenyl, heteroary! or heterocyclic group and optionafly
containing or additionally containing in the case of heteroaryl and

PCT/US00/01686
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heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
oxygeh, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic group
is mono-cyclic; | ' | | '
in formula Ib, R! and R?, together with the c'ar_bénlatom and W’ to
which they are boﬁn_d respectively, are joinéd to form a cycloalkyl,'
cycloalkenyl or heterocyclic group having at leasfﬁv,e atoms in the
cycloalkyl, cycloalkenyl or heterocyclic group and optionally coniaining or
additionally containing in the case of the heterocyclic grbup 1to 3
heteroatoms selected from the group consisting of oxygen, i_xitmgen and
sulfur, and wherein the heterocyclic group is mo'n.o—cyclic; '
and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or

heterocyclic group of formula Ia or Ib is optionaily substituted, on any ring
atom capable of substitution, with 1-3 substituents seleéted from the group:
consi§ting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
.acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocafbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryioxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen, -
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thicalkyl, substituted thioalkyl, thioaryl, substituted
thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted -
thioheteroaryl,. ihidhetet_‘oc’yclic, substituted thioheterocyclic, heteroaryl, .
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy,
substituted cyc!oalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, -OS(0),-alkyl, -OS(0),-substituted alkyl, -OS(O),-
aryl, '-OS(O)z-sixbsﬁmted aryl, -OS(0),-heteroaryl, -OS(O)z—substimted

~ heteroaryl, -OS(0),-heterocyclic, -OS(O),-substituted heterocyclic, ~OSO,-

NRR where each R is independently hydrogen or alkyl, -NRS(O)-alkyl, -

(A L W
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NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-substituted aryl, -
NRS(O),-heteroaryl, -NRS(O),-substituted heteroaryl,
-NRS(O),-heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(O),-NR-
alkyl, -NRS(0),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-~
substituted aryl, -NRS(0),-NR-heteroaryl, -NRS(O),-NR-substituted
heteroaryl, -NRS(O),-NR-heterocyclic, -NRS(0),-NR-substituted heterocyclic
where R is hydrogen or alkyl, -N[S(0),-R'], and -N[S(O),-NR’], where
each R’ is independently selected from the group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryt,
heterocyclic and substituted heterocyclic;

R? is -(CH,),-Ar-R®, where Ar is aryl, substituted aryl, heteroary! and
substituted heteroaryl; R® is selected from the group consisting of acyl,
acylamino, acyloxy, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, oxycarbonylamino,
oxythiocarbonylamino, thioamidino, thiocarbonylamino,
aminosulfonylamino, aminosulfonyloxy, aminosulfonyl, oxysulfonylamino
and oxysulfonyl, and x is an integer from O to 4;

R* is selected from the group consisting of hydrogen, isopropyl,
-CH,Z where Z is selected from the group consisting of hydrogen, hydroxyl,
acylamino, alkyl, alkoxy, aryloxy, aryl, aryloxyaryl, carboxyl,
carboxylalkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl, carboxyl-
substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic,
carboxyl-substitated heterocyclic, cycloalky!, substituted alkyl, substituted
alkoxy, substituted aryl, substituted aryloxy, substituted aryloxyaryl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic;

Q is selected from the group consisting of -O-, -S-, -S(0)-, -S(O),
and -NR*-;
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R* is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substittited alkenyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
or, optionally, R* and R’ or R* and Ri, together with the atoms to which they
are bound, are joined to form a hétero_aryl, a substituted heteroaryl, a
heterocyclic or a subsﬁtuted heterocyclic group; _

W is selected from the group consisting of nitrogen and carbon; and

W’ is selected from the group consisting of nitrogen, carbon, oxygen,

sulfur, S(O0), and S(O),;

X is selected from the group. consisting of hydroxyl, alkoxy,
substituted alkoxy, alkenoxy, substituted alkenoxy, cycloalkoxy, substituted -
cycloalkoxy; cycloalkenoxy, substituted cycloalkenoxy, aryloxy, substituted -
aryloxy, heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy,
substituted heterocyclyloxy and -NR”R” where each R” is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyi, substituted alkenyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclié; _

and enantiomers, diasteromers and pharmaceutically acceptable salts
thereof’ '

and further wherein the compound of formula Ia and/or Ib has a
binding affinity to VLA-4 as expressed by an IC;, of about 15 pM or less.

52.  The pharmaceutical composition of Claim 51, wherein R® is a

group' of the formula:

PCT/US00/01636
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wherein R® and x are as defined in Claim 47; and R*' is hydrogen.

53.  The pharmaceutical composition of Claim 52, wherein F? is in

the para position of the phenyl ring; and x is an integer from 1 to 4.

54.  The pharmaceutical composition of Claim 53, wherein R’ is
selected from the group consisting of -O-Z-NR!R'" and -O-Z-R'? wherein
R' and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted heterocyclic,
and where R"' and R'"" are joined to form a heterocycle or a substituted
heterocycle, R' is selected from the group consisting of heterocycle and
substituted heterocycle, and Z is selected from the group consisting of -C(0)-
and -SO,-.

55.  The pharmaceutical composition of Claim 54, wherein Z is

-C(0)-.

56.  The pharmaceutical composition of Claim 55, wherein R’ is
-OC(O)NR"R',

57.  The pharmaceutical composition of Claim 51, wherein Q is
-NR*-.

58.  The pharmaceutical composition of Claim 51, wherein the

compound has formula ITa or Hb:

PCT/US00/01686
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X
Q | Iia
N 0O
RSSO/ “R®
RR
X
Q b
N<
R R ©

wherein |

ring A and ring B form a heteroaryl or substituted heteroaryl group
having two nitfogen atoms in the heteroaryl ring;

RS is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted aikenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl;

RS is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloaiky!, cycloalkenyl, substituted
cycloalkenyl, heterocyclic, substituted heterocyq]ic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R!® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyi, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

\
N i
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. or optionally, one of, R* and ring A, R* and R®, R* and RS, or R® and
RS, together with the atoms to which they are bound, can be joined to form a
heterocyclic or substituted heterocyclic ring;
and enantiomers, diastereomers and pharmaceutically acceptable salts
thereof; and provided that ring B does not form a 6-amino or substituted

amino pyrimidin4-yl group.

59.  The pharmaceutical composition of Claim 58, wherein ring A
forms a pyridazine, pyrimidine or pyrazine ring, wherein the pyridazine,
pyrimidine or pyrazine ring is optionally substituted with 1 to 3 substituents
selected from the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino, cycloatkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen, and

ring B forms a pyridazine, pyrimidine, pyrazine, 1-ox0-1,2,5-
thiadiazole or a 1,1-dioxo-1,2,5-thiadiazole ring, wherein the pyridazine,
pyrimidine or pyrazine ring is optionally substituted with 1 to 3 substituents
selected from tﬁe group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

heterocyclic, substituted heterocyclic and halogen.

60.  The pharmaceutical composition of Claim 51, wherein the
compound has formula IIIa, Illc, ITId, Ille or IIIf:

)
X
L . O IIla
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wherein

R¥ is selected from the group consisting of hydrogen and alkyl or,
optionally, one of, R* and R%, R* and R®, R® and R%, R® and R®, or RS and
R3, together with the atoms to which they are bound, are joined to form a
heterocyclic, a substituted heterocyclic, a heteroaryl or substituted heteroaryl
group optionally containing from 1 to 3 additional hetero ring atoms selected
from the group consisting of oxygen, nitrogen and sulfur;

R* is selected from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl;

RS is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloatkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloaikenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R!® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

R’ and R? are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R and R" are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and

halogen; and
-

AR O AR
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. R' is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substiuited alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloaikyl, aryl substxtuted aryl heteroaryl, substituted heteroaryl
heterocychc and substituted heterocychc, '

R? js selected from the group consisting of hydrogen, alkyl,

- substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted

cycloalkyl, aryl, substituted aryl,-héteroéryl, -substitutéd'heteroaryl,
heterocyciic, substituted heterocyclic and halogen; -

R? s selected from the group consisting of alkyl, substituted alkyl,

'al_koxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted

cycloalkyl, aryl, substituted aryl, heterocyclic and substituted héterocyclic;
bis1or2 .

and enantiomers, diastereomers and pharmaceutically acceptable salts

~ thereof.

61.  The pharmaceutical composition of Claim 60, wherein the
compound is selected from formula IIId, ITle or IIIf. '

62. A pharmaceutical composition comprising a pharmaceutically

- acceptable carrier and a therapeutically effective amount of a compound of

formula IVa:

R [ L M S *
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. wherein R and R?, together with the carbon atom and W to which
they are bound respectively, are joined to form a heteroaryl group having two
nitrogen atoms;

and further wherein said heteroaryl group is optionally substituted, on
any ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalky!, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted
thioaryl, thiocycloalky!, substituted thiocycloalkyl, thioheteroaryl, substituted
thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, -
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonj'lamino, -08(0),-alkyl, -OS(0O),-substituted alkyl, -OS(O),-
aryl, -0S(0),-substituted aryl, -OS(O),-heteroaryl, ~OS(O),-substituted
heteroaryl, -OS(0),-heterocyclic, -OS(0),-substituted heterocyclic, -OSO,-
NRR where each R is independently hydrogen or alkyl, -NRS(O),-alkyl,
-NRS(O),-substituted alkyl, -NRS(O),-aryl, -NRS(O),-substituted aryl,
-NRS(0),-heteroaryl, -NRS(O),-substituted heteroaryl, -NRS(O);-
heterocyclic, -NRS(O),-substituted heterocyclic, -NRS(0),-NR-alky],
-NRS(0),-NR-substituted alkyl, -NRS(O),-NR-aryl, -NRS(O),-NR-substituted
aryl, -NRS(O),-NR-heteroaryl, -NRS(0),-NR-substituted heteroaryl,
-NRS(O),-NR-heterocyclic, -NRS(O),-NR-substituted heterocyclic where R is
hydrogen or alkyl, -N{S(O)z-R'lz and -N[S(O),-NR'], where each R’ is
independently selected from the group consisting of alkyl, substituted alkyl,

PCT/US00/01686
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aryl, substituted aryl, heteroaryl, substituted hetéroaryl, heterocyclic and
substituted heterocyclic; - '
R® is selected from the group consisting of hydrogen, 'C,_,'o alkyl, Cy,

and Cy-C,.0 alkyi-, wherein alkyl is optionally substituted with one to four

substituents independently selected from R®; and Cy is optionally substituted
with one to four substituents independently selected from R;
R" is selected from the group consisting of hydrogen, C, ,q alkyl, C, o

.alken)’l. Ca.10 alkynyl, Cy, Cy-Cy. alkyl, Cy-C,.;q alkenyl and CY'CZ-IO -

alkynyl, wherein alkyl, alkenyl, and alkynyl are optionally substituted with

one to four substituents selected from phenyl and RX, and Cy is optionally

substituted with one to four substituents independently selected from R?;
or R, R* and the atoms to which they are attached together form a
mono- or bicyclic ring containing 0-2 additional heteratoms selected from N,
OandS; | B
RY is selected from the group consisting of C,.,, alkyl,
C,.,o alkenyl, C, ,, alkynyl, aryl, aryl-C, ,, alkyl, heteroaryl, l.leteroaryl-C,_,0
alkyl, wherein alkyl, alkenyl and alkynyl are optionally substituted with one
to four substituents selected from R*, and aryl and heteroaryl are optionally
substituted with one to four substitﬁents independently selected from R’ .
or R*, R¥ and the carbon to which they are attached form a 3-7
membered mono- or bicyclic ring containing 0-2 heteroatoms selected from
N,OandS; | o
R is selected from the group consisting of Cy and a group selected
from R*, wherein Cy is optionally substituted with one to four sﬁbstituents
independently selected from R |
R? is selected from the group consisting of R, C,.,alkyl, C, 5
alkenyl, C,, alkynyl, aryl C, salkyl, heteroaryl C, ,, alkyl; wherein alkyl,
alkenyl, alkynyl, aryl, heteroaryl are optionally substituted with a group
independently selected from R®; | .
R° is selected from the group consisting of halogen, NO,, C(O)OR',

PCT/US00/01686
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C,,alkyl, C,alkoxy, aryl, aryl C,, alkyl, aryloxy, heteroaryl, NR'Re,
R'C(O)R¢, NR'C(O)NR'R?, and CN;

R? and R® are independently selected from hydrogen, C, ,, alkyl, C,,
alkenyl, C,, alkynyl, Cy and Cy C, ,palkyl, wherein alky!, alkenyl,
alkynyl and Cy are optionally substituted with one to four substituents
independently selected from R¢;

or R¢ and R¢ together with the atoms to which they are attached form a
heterocyclic ring of 5 to 7 members containing 0-2 additional
heteroatoms independently selected from oxygen, sulfur and nitrogen;

R’ and R® are independently selected from hydrogen, C, ,, alkyl, Cy
and Cy-C, ,, alkyl wherein Cy i§ optionally substituted with C, ,, alkyl; or
Rf and R# together with the carbon to which they are attached form a
ring of 5 to 7 members containing 0-2 heteroatoms independently
selected from oxygen, sulfur and nitrogen;

- R" is selected from the group consisting of hydrogen, Ci0 alkyl, C, o
alkenyl, C,, alkynyl, cyano, aryl, aryl C, ,,alkyl, beteroaryl, heteroaryl C, ,,
alkyl, and -SO,R; wherein alkyl, alkenyl, and alkynl are optionally
substituted with one to four substitutents independently selected from R*; and
aryl and heteroaryl are each optionally substituted with one to four
substituents independently selected from R®;

R’ is selected from the group consisting of C, ,q alkyl, C,.,, alkenyl,
C,.0 alkynyl, and aryl; wherein alkyl, alkeny!, alkynyl and aryl are each
optionally substituted with one to four substituents independently selected
from R°;

R* is selected from the group consisting of -OR¢, -NO,, halogen,
-S(0)-R’, -SR?, -§(0),0R", -5(0),,NR'R®, -NR‘R?, -O(CR'RE),NRR®,
-C(O)R?, -CO,R?, -CO,(CRR®),CONR'R?, -OC(O)R?, -CN, -C(O)NRR®,
-NR'C(O)R°, -OC(O)NR'R®, -NRC(O)OR*, -NRIC(O)NR'R®, -CRYN-OR?),
CF;, oxo, NR'C(O)NRSO,R!, NR’S(0),.R°, -OS(0),0R¢, and

-OP(O)(OR?Y),; , :
N AR
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_ R is selected from the group consisting of R, C, o alkyl, Cy 0
alkenyl, CZ-"? alkynyl, aryl C, ,calkyl, heteroaryl C,.10 alkyl, cycloalkyl,
heterocyclyl; wherein alkyl, alkenyl, alkynyl and aryl are each optionally -
substituted with one to four substitutents ihdepe’nc_lent_ly selecied from R*; -

Cy is cycloalkyl, heterocyclyl, aryl, ér' heteroaryl; | |

m is an integer from 1 to 2;

n is an integer from 1 to 10}

Wis seleéted_ from the group consisting bf carbon and nitrogen;

W’ is selected from the group consisting of carbdn, nitrogen, oxygen,
sulfur, S(0) and S(O),; | o

X’ is selected from the group consisting of -C(O)OR",
-P(O}(OR!)(OR"), -P(O)}RH(OR"), -S(0),,0R?, -C(O)NR'R", and -5-

~ tetrazolyl;

and enatiomers, diastereomers and pharmaceutically acceptable salts
thereof; | - . | |

and further whérein the éompound of formula IV has a binding
affinity to VLA-4 as expressed by an IC;, of about 15uM or less;

and provided that when R! and R?, together with the carbon atom and
W to which they are bound respectively, are joined to form a 2-
arylpyrimidin-4-yl group and R* is hydrogen, then R* is not alky! of from 1
to 6 carbon atoms optionally substituted with hydroxyl; and when R! and R?,
together with the carbon atom and W to which they are bound respectively, -
are joined to form a 5-arylpyrazin-2-yl group and R is hydrogen, then R is
not 4-hydroxybenzyl.

63.  The pharmaceutical composition of Ciaim 62, wherein R! and

" R?, together with the carbon atom and W to which they are bound

respectively, are joined to form a pyridazine, 'pyrimidine, pyrazine, 1-oxo- -
1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazole ring; wherein the pyridazine,

pyrimidine, pyrazine, 1-oxo-1,2,5-thiadiazole or a 1,1-dioxo-1,2,5-

| _l'_l!llllj’ lﬂl!j |||MH?]I|]S|-?";;|!|,_;
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thiadiazole ring is optionally substituted with 1 to 3 substituents selected from
the group consisting of alkyl, substituted alkyl, alkoxy, substituted atkoxy,
amino, substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic
and halogen,

64.  The pharmaceutical composition of Claim 62, wherein X' is

-C(O)OR".

65.  The pharmaceutical composition of Claim 62, wherein the

compound has formula Va, Vc, Vd, Ve or Vf:

R7

| X
NN N~ X

R Va
N Lus .

RSy ke

R , N\\N R14R15

R17 = ? X'
28 R13 Ve

A
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wherein
25 R’_ is selected from the group cdnsisting' of alkyl, substituted alkyl,
alkenyl, substitutéd alkenyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, heteroaryl and substituted heteroaryl;
R® is selected from the group consistihg of hydrogen, alkyl,
30  substituted alkyl, 'cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
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cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R'® where R is selected from the
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl; and

R’ and R® are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, éycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and halogen;

R!S and R" are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and

R™ is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R? js selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen;

R? js selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bislor2;

and epantiomers, diastereomers and pharmaceutically acceptable salts

PCT/US00/01686

| R



WO 00/43372 PCT/US00/01686

10

15

20

—~ 328 --

. 66.  The pharmaceutical composition of Claim 65, wherein the

compound is selected from formula Vd, Ve or V.

67. A pharmaceutical composition comprising a pharmaceutically

acceptable carrier and a therapeutically effective amount of a compound of

- formula VIa and/or VIb:
. R2
\ R24 R25 ~ W R24 R25
R1Jl\ Xxﬂ and R,/kNXX"
' 23
Vla ' - VIb

wherein, in formula VIa, R' and R?, together with the carbon atom:

and W to which they are bound respectively, are joined to form an aryl,

cycloalkenyl, heteroaryl or heterocyclic group having at least five atoms in
the aryl, cycloélkenyl, heteroaryl or heterocyclic group and optionally
containing or additionally containing in the case of heteroaryl and
heterocyclic groups 1 to 3 heteroatoms selected from the group consisting of
oxygen, nitrogen and sulfur, and wherein the heteroaryl or heterocyclic group
is mono-cyclic; i '

in formula VIb, R! and R?, together with the carbon atom and W’ to
which they are bound respectively, are joined to form a cycloalkyl,
cycloalkenyl of heterocyclic group having at least five atoms in the
cycloalkyl, cycloalkenyl or heterocyclic group and optionally containing or
additionally containing in the case of the heterocyclic group 1 to 3
heteroatoms selected from the group consisting of oxygen, nitrogen and

sulfur, and wherein the heterocyclic group is mono-cyclic;

—
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- and further wherein said aryl, cycloalkyl, cycloalkenyl, heteroaryl or
heterocyclic group of formula VIa or VIb is optionally substituted, on any
ring atom capable of substitution, with 1-3 substituents selected from the
group consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, thiocarbonylamino, acyloxy, amino, substituted amino, amidino,
alkyl amidino, thioamidino, aminoacyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen,
hydroxyl, nitro, oxo, carboxyl, cycloalkyl, substituted cycloalkyl, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted
thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted
thioheteroaryl, thioheterocyclic, substituted thioheterocyclic, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy,
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocérbonylamino, -0S8(0),-alkyl, -OS(0),-substituted alkyl, -OS(0),-
aryl, -OS(O),-substituted aryl, -OS(O),-heteroaryl, -OS(0),-substituted
heteroaryl, -OS(O),—heterocyclic, -08(0),-substituted heterocyclic, -0SO,-
NRR where each R is independently hydrogen or alkyl,

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

heterocyclic and substituted heterocyclic;
_—

R Y
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. R® is selected from the group consisting of hydrogen, C,., alkyl
optionally substituted with one to four substituents independently selected
from R* and Cy 6pt_ionally éﬁbstimted with one to four substituents
independently selected from R®; - . : |

R s selected from the group consisting of Ar*-Ar>-C, ,, alkyl, .
Ar'-Ar2-C, ,, alkenyl, Arl-Ar>-C, ,, alkynyl, wheréin Ar' and Ar? are
independently afyl or heteroaryl each of which is optionally substituted with

" one to four substituents independently selected from R®’; alkyl, alkenyl and

alkynyl are optionally substituted with one to four substituents independently
selected from R*; o _

R? is selected from the group consisting of hydrogen, C, ,, alkyl,
C,.10 alkenyl, C, , alkynyl, aryl, aryl C, ,qalkyl, heteroaryl, and heteroaryl C,_
10 alkyl, wherein alkyl, alkenyl and alkynyl are dp";iprially substituted .with
one to four substituents selected from R*, and aryl and '-heterO#ryl are
optionally substituted with one to four substituents independently selected
from R®’; ' | |

R* is selected from the group consisting of Cy, -OR*, -NO,, halogen
-S(0)RY, -SR"', -S(0),0RY, -S(0),NRYR®, -NRYR%, -O(CRFR#),NR*R*’,
-C(O)R?, -CO,R?, -CO,(CRRE),CONR*R", -OC(O)RY, -CN,
-C(O)NRYR®, -NRYC(O)R®, -OC(O)NR*R*’, -NR¥C(O)OR®,
-Nr*C(O)NRYRE, -CR¥(N-OR*), CF,, and -OCF;;

wherein Cy is optionally substituted with one to four substituents
independently selected from R¥; . '

R is selected from the group consi_sting_. of R, C,_ alkyl, C,
alkenyl, C,,, alkynyl, aryl C,,, alkyl, heteroaryl Cy.0alkyl,

wherein alkyi, alkenyl, aryl, heteroaryl are optionally substitﬁted with

a group independently selected from R*’;.

R is selected from the group consisting of halogen, amino, carboxy,

C,4 alkyl, C,, alkoxy, aryl, aryl C, ,alkyl, hydroxy, CF;, and aryloxy;

i ¥* [+ L M S *
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. R¥ and R* are independently selected from hydrogen, C, ,, alkyl, C, ;,
alkenyl, C, . alkynyl, Cy and Cy C, jalkyl, wherein alkyl, alkenyl, alkynyl
and Cy are optionaily substituted with one to four substituents independently
selected from R®; or R and R* together with the atoms to which they are
attached form a heterocyclic ring of 5 to 7 members containing 0-2 additional
heteroatoms independently selected from oxygen, sulfur and nitrogen;

R and R® are independently selected from hydrogen, C, ,, alkyl, Cy
and Cy-C,,, alkyl; or R” and R¥’ together with the carbon to which they are
attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen;

R" is selected from the group consisting of hydrogen, C,.,, alkyl,
C,.10 alkenyl, C,,, alkynyl, cyano, aryl, aryl C, ,, alkyl, heteroaryl,
heteroaryl C, ,, alkyl, or -SO,R";

wherein alkyl, alkenyl, and alkyny! are optionally substituted with one
to four substitutents independently selected from R*'; and-aryl and heteroaryl
are each optionally substituted with one to four substituents independently
selected from R®;

RV is selected from the group consisting of C, ,, alkyl, C,,, alkenyl,
C,.10 alkynyl, and aryl;

wherein alkyl, alkenyl, alkynyl and aryl are each optionally
substituted with one to four substituents independently selected from R’

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl;

X" is selected from the group consisting of -C(O)ORY,
-P(O)(OR*)(OR®), -P(O)R¥)(OR®), -S(0),OR?, -C(O)NRYR", and -5-
tetrazolyl;

m is an integer from 1 to 2;

n is an integer from 1 to 10;

and enantiomers, diastereomers and pharmaceutically acceptable salts

_—

AR A

thereof;

*
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. and further wherein the compounds of foxmula VIa and/or VIb have a
bmdmg afﬁmty to VLA-4 as expressed by an IC;, of about 15 y,M or less.

68. The phannaceutlcal composmon of Claim 67, wherein R! and

R2 together with thé carbon atom and W to which they are bound

respectively, are joined to form a heteroaryl or substituted heteroaryl group

having two nitrogen atoms in the heteroaryl ring.

69.  The pharmaceutical composition of Claim 68, wherein R! and
R?, together with the carbon atom and W to-which they are bound
respectively, are joined to form a pyridazine, pyrimidine, pyrazine, 1-oxo-
1,2,5-thiadiazole or 1,1-dioxo-1,2,5-thiadiazole ring; wherein the pyridazine,
pyrimidine, pyrazine, 1-oxo0-1,2,5-thiadiazole or l,l—dioxo_-l,Z,S-thiadiaZOIe
ring is optionally substituted with 1 to3 substituents selected from the group
consisting of alkyl, substituted alkyl, alkoxy, substituted-alkoxy, amino,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, . .
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and .

halogen.

70.  The pharmaceutical composition of Claim 67, wherein X" is
-C(O)OR".

71.  The pharmaceutical composition of Claim 67, wherein R® is
-CH,-Ar*-Ar! and R? is hydrogen. |

72. The pharmaceutical composition of Claim 67, wherein the
compound has formula VIIa, VIIc, VIId, VIIe or VIIf:

PCT/US00/01686

. * c L M S J
1
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wherein
R’ is selected from the group consisting of alkyl, substituted aikyl,

10 alkenyl, substituted alkenyl, aryl, sub_s'tifuted aryl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocylic, 'heteroaryl and substituted heteroaryl;

RS is selected from the group consisting of hydrogen, alkyl,
_ substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted

15 cycloalkényl, heterocyclic, substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and -SO,R!® where R' is selected from the -
group cbnsisting of alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cyéloélkenyl, substituted cycloalkenyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl,— substituted heteroaryl; and

20 R’ and R® are indep'ehdently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroéryl, heterocyclic, substituted
heterocyclic and halogen; |

R' and R" are independently selected from the group consisting of

25 hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amifio,
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
halogen; and |

R is selected from the group consisting of alkyl, substituted alkyl,

30 alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted

L
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cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic;

R? is selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkoxy, substituted atkoxy, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and halogen;

R? is selected from the group consisting of alkyl, substituted alkyl,
alkoxy, substituted alkoxy, amino, substituted amino, cycloaikyl, substitt_lted
cycloalkyl, aryl, substituted aryl, heterocyclic and substituted heterocyclic;

bislor2;

and enantiomers, diastereomers and pharmaceutically acceptable salts

thereof.

73.  The pharmaceutical composition of Claim 72, wherein the

compound is selected from formula VIId, VIle or VIIf.
74. A method for binding VLA-4 in a biological sample which

method comprises contacting the biological sample with a compound of

Claims 27, 38, 43 or 50 under conditions wherein said compound binds to

. R R
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