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PYRIMIDINYL AMIDE COMPOUNDS WHICH INHIBIT LEUKOCYTE

ADHESION MEDIATED BY VLA-4

CROSS-REFERENCE T RELA"I‘F.}I] APPLICATION

This application claims the benefit under 35 U.8.C. 11%e) to co-pending
provisional application U8, Serjal No, 60/722,358 filed on September 29, 20035, which
is incorporated herein by reference in iis entirety.

Fieid of the [mve:

BACKGROUND OF THE INVENTION

This invention relates to compounds which inhibit levkocyie adhesion and, in
perticular, [sukocyte adhesion mediated by a4 imegrins, where the od {ntegrin is
preferably VLA-4, This invention also relates to pharmaceutical compositions
comprising such compounds as well 2s methods for treating, e.g., inflammation, using
either the compounds or the pharmaceutical compasitions of this invention.
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State of the Art

VLA-4 (also 1eferred to as a4l integrin and CDA9d/CD29), first identified by
Hergler and Takada,' is a member of the 1 integrin family of cell surface receptors,
each of which comprises two subunits, an ¢ chain and a B chain, VLA-4 contains an a4
chain and a §1 chain. There are at Jeast nine 31 integrins, all sharing the same B1 chain
and each having a distinct @ chain. These nine receptors all bind a diffetent

complement of the various cell mawrix molecules, such as fibronectin, laminin, end
collagen. VLA-4, for example, binds t¢ fibronectin. VLA-? also binds non-malrix

Svita_40074.1
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molecules that are expressed by endothelial and other celis. These non-matrix
molecules include VCAM-1, which is expressed on cytokine-activated buman
umbilical vein endothelial celis in culture. Distinet epitopes of VLA-4 are responsible
for thie fibroneetin and VCAM-1 binding activities and each activity itas been shown fo
be inhibited independently,”

Intercellular adhesion mediated by VLA-4 and other cell surface receptors is
assoclated with a number of inflammatory responses. At the site of an injury or other
inflammatory stimulus, activated vascular endothelial cells express molecules that are
adhegive for leukocytes. The mechanics of leukocyte adhesion to endothelial cells
involves, in part, the recognition and binding of cell surface receptors on leukocytes to
the corresponding cell surface molecules on endothelial cells, Cnce bound, the
leukoeytes migrate actoss the blood vessel wall to enter the injured site and release
chemical mediators to combat infection, IFur reviews of adhesion receptors of the

immune system, see, for example, Spriuguar3 and Osbom,*

Inflammatory brain disorders, such as experimental aytoimmune
encephalomyelitis (EAE), multiple seierosis (MS) snd merningitis, ate examples of
central nervous system disorders in which the endothelium/lenkocyte adhesion
mecharism results in destruction to offierwise healthy brain tissue. Large mumbers of
leukocytes migrate across the blood brain barrier (BBB) in subjects with these
inflammatory diseases. The leukoeytes relcase toxic mediators that cause extensive
tissue damage resulting in impaired nerve conduction and paralysis.

In other organ systems, Hasue damege also occurs via an adhesion mechanism
resulting in migration or activation of le:ukucytés. For exampig, it has been shown that
the inftial insult following myocardial ischemie 1o heart tissue can be further
complicated by leukocyte entry to the injured tissue causing still further insuli {Vedder,
etal)’ Other inflammatory or medieal conditions mediated by an adhesion mechanism
inchude, by way of example, asthma,>? Alzheimer’s disease, atheroscleragia”'? ATDS
dementia,'* diabetes'*™* (including acute juvenile onsei diabetes), inflammatory bowel
disease'’ ¢including ulcerative colitia and Crobn's disease), multiple selerosis, "’
theumatoid arthritis,'**' tissue transplantation,” tumor metastasis,” 2 meningitis,
encephalitis, sivoke, :nd other cer€orat fraamas, nephritis, retinitis, atopic derrnatitis,
psoriasis, myocardial ischemia and acuis leukocyte-mediated lung injury such as that
which oecars In adult respiratory distress syndrome.

3
BVCA_40074.1
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Substituted aminopyrimidines, as a class, bave been disclosed as inhibiting
binding of VLA-4 to VCAM-! and, accordingly, exhibit anti-inflammatory
properties.” While these compounds possess antagonist properties to such binding,
enhanced bioavailability of these compounds would augment their efficacy.

SUMMARY OF THE INVENTION

This invention provides compounds, pharmaceutically acceptable salts thereof,
compositions thereof, syntheses thereof, and methods for treating VLA-4 mediated

diseazes.

Tn one embodiment, the present invention provides compounds of formula I
Y QJ\ Rt
A Y
@
AL
R M e
wherein:

R! is selected from the group consisting of C; to Cy allyl, € to C4 haloalkyl,
heteroaryl and ~NR*R®) where R® and R® are independemtly selected from the group
consisting of hydrogen, C, to Cy alky! or R® and R together with the nitrogen pendent
thereto join to form a heterocyelic ring,

R? is selected from the group mnsmtmg of C to C4 alkyl, Ca o C, alkenyl, and
Cz ta C, alkmyl; and

R* and R* are independently Ci to Cs alkyl or R?, R* together with the nitrogen
atom pendent thereto join to form a heterocyclic ring;

or a pharmaceutically acceptable salt, ester, o prodrug thereof.

SWCA_400T4.1
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carboxyl groups or groups similar therato.

Pharmaceutically-acceptable base addition salts can be prepared from inorganic
and organic bases. Salts derived from inorganic bases, include by way of example only,
sodium, potassium, lithium, ammonium, caleium, and magnesium salts. Salts detived
from organic bases include, but are not limited to, salts of primary, secondary, and
tertiary amines, such as alkyl amines, dialkyl amines, trialkyl amines, substituted alkyl
amines, di{substituted alkyl) amines, tri(suhsﬁtl.ﬂedlalk}'l} amines, alkenyl amines,

dialkenyl amines, trialkenyl amines, substituted alkenyl amines, di{substituted alkenyl) .

amines, tri(substituted alkenyl} amines, cycloalkyl amines, di{eycloalkyl) amines,
trifcycloalkyl) amines, substituted cycloalky! amines, disubstituted cycloalkyl amine,
trisubstituted cycloalkyl amines, cycloalkenyl amines, di{cycloalkenyl) amines,
trifcycloalkenyl) amines, substituted cycloalkenyl amines, disubstituted cycloalkenyl
amine, trisubstituted cycloalkeny! amines, aryl amines, diaryl amines, triaryl amines,
heteroaryl amines, diheteroaryl amines, trihetéroaryl amines, heterocyclic amines,
diheterocyclic amines, triheterocyclic amines, mixed di- and ti;mnhies where at least
two of the substituents on the amine are different and are selected from the group
consisting of alkyl, substituted alkyl, alkenyl, substitwied alkenyl, cycloalkyl,
substituted cyclualkjrl, cycloalkenyl, substitated cycloalkenyl, aryl, heteroaryl,
hetarécyclic, and the like. Also included are amines where the two or three substituents,
together with the amine nitrogen, form a heterceyclic or heteroaryt group.

Examples of suitable amines include, by way of example only, isopropylamine,
trimethyl amine, diethyl amine, tri(iso-propyl) amine, tri{a-propyl} amine,
ethanolamine, 2-dimethylaminoethanol, tromethemine, lysine, arginine, histidine,
caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine, N-
alkylglucamines, thebromine, purines, piperazine, piperidine, morpheline, N-
ethylpiperidine, and the like. It should also be understood that other carboxylic acid
detivatives would be useful in the practice of this invention, for example, carboxylic
acid amides, including carboxamides, lower alkyl carboxamides, dialkyl carboxamides,
and the like.

Pharmacentically acceptable acid addition salts may be prepared from inorganic
and organic acids. Salts derived from inorganic acids include hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phospheric acid, and the Jike. Salts derived
from organic acids include acetic acid, propionic acid, glycelic acid, pyruvic aeid,

il
SVCA_40074.1
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and the like,

Integrins are a large family of hamologous tansmembrane linker proteins that .
are the principal receptors on animal cells for binding most extracellular matrix
proteins, such as collagen, fibronectin, and laminin. The integring are heterodimers
comprised of an o chain and a f chain, To date, twenty different integrin heterodimers,
made from 9 different ¢ subunits and 14 different p subunits, have been identified. The
term *'o. 4 integrins” refers 1o the class of heterodimer, enryma-linked cell-surface
receptors that contain the ¢ 4 subunit paired with any of the B subunits, VLA-4 is an
example of an o 4 integrin, and is & heterodimer of the a 4 and B1 subunits, and is also
referred to as @ 4 Bl integrin, ' ' '

This invention provides compounds, pharmaceutica]ly acceptable salts thereof,

compositions thereof, syntheses thereof, and metheds for ire‘ating YLA-4 mediated

diseases.

In one embodiment, the present invention provides compounds of formula I;

N

i+
hll.-#"

'l)%” ¥
v

I

wherain; _

R' is selected from the group consisting of C; to Cy alkyl, C; to Cq haloalkyl,
heterparyl and «H{R’](Rﬁ] where R’ and R are independently selected from the group
consisting of hyvdrogen, C to T4 alkyl or R’ and RS together with the nitrogen pendent
thereto join to form g heterocyelic ring;

Rlis selecied from the group consisting of € to Cs alkyl, C; to Cy alkenyl, and
Cs to Cy4 alkynyl; and

R’ and R* are independently C, to C; alkyl or R, R* together with the nitrogen
atom pendent thereta join to form 2 heterccyclic ring;

or a pharmeceutically acceptabls salt; ester, or prodrug thereof.

13
BVCA_40074.1



"

o N

D

W 241274

@ R

PCTIS 2006038009

In some embodiments, the ~OC{ONR'R” group is in the para positias of the

phenyl ring,

In some emibodiments, R and R? are joined to form 2 heterocyclic ring. In

othier emboditaents, R® and R are joined to form a pyrrolidinyl ring,

5 In some embodiments, R? is € to Cy alkyl. In other embodiments, R? is ethyl.

In s3] other embodiments, RY and R* are joined to form a heterocyolic ring and
R? is Cy to Co alkyl. In vet other embodiments, R and R* are joined to form 8

pyrrolidiny] ring and R? {5 ethyi.

Bxamples of compounds of this invention include those having the R, R?, &,

10 and R* groups recited in Table 1.

iso-propyl ethyl

—r s, "

molidinering
] Ral and R” together with the
pendent nitrogen forma

Tahle 1
] R g RS ]
R” and R” together with the
trifluoromethyl ethyl pendent nitrogen form a

pyrrolidine ring : i

t-Buty!

ethyl pendent pitrogen form a
yrrolidine ring

R’ and R together with the

’ furan-2-¥1 ethyl

R and R together with the
1 pendent nitrogen form a
pyrroliding ring ]

piperidin-1-yl ethyl

R’ and R together with the
pendent nifrogen fonn &

E;,;gnﬁdine ritg ]
FN B and R* together with the
-£thyl-N-lso- ethvi ad . p
propylams y peadent mirogen fonm a
pyrroliding cing
R’ and R? togzther with the
thien-3-yi elhy! pendent nitrogen form a
o ] pyrolidine ring
[ R and R? topether with the
thien-2-yl ethyl pendent nitrogen o a
- pyrrolidine ring
B and R ogether with the
furan-3-vl ethyl pendent aitrogen form a
L idine on
. - R’ and R™ topether with the
i 3; thiapyrrolidin-1- athyl pendent nitrogen form a
d pyrrolidine ring .
i4
EVCA_ADGTY. 1
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In ancther embodiment, the present invention provides a compound of formula

/‘xmﬁ j‘\
K(J\ﬂ LO0H

wherein:

R is C; to Cy 2lky), C; to Cy halpalkyl, ot heteroaryl;

®? is C, to Cy alkyl;

R’ and R are independently Cy to Cy alkyl or R®, R'° together with the
nitrogen atom pendent therato join to form a heterocyclic ring;

or & pharmaceutically acceptable salt, ester, or pradeug theresf,

(n some embodiments, the ~-OCIONR’R' group iz in the para position of the
phety! ting.

In some embodiments, R® and R™ are j&iﬁcd to form a heterpevelio ring. In
other embodiments, R® and R are joined to form a pyrrolidinyd ring.

In some embodiments, R? is €1 to Oy alkyl. In other embodiments, R* is ethyl. -

In some embodimenis, R7 is C; to Cy alkyl: In other embodiments, R” is
selected from the group consisting of isopropyl and t-butyl.

In sorne embodiments, R is C) to Cq haloalkyl. In other embodiments R” is
trifluotomethyl.

In some embodiments, R is hﬂrmaa}fi,. Tn other embodiments, R' is selected
from the group consisting of firan-2-yl, furan-3-yi, thien-2-3l, and thien-3-y1.

It some embodiments, R? apd B! are joined to form a heteracyelic ring, RYis
C1 1o Ca alkyl, and R7 is heteroaryl. In other smbodiments, R® and R'® together with the
pendent nitrogen form a pymroliding ring, R is ethy), and R is heteroaryl.

15
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In some embodiments, R® and R'® are joined to form 2 heterocyclic ring, R® is
¢ to Cy alkyl, and R js alkyl, In ofher embodiments, R® and R* together with the
pendent nitrogen form a pyreolidine ring, R? is ethyt, and R iz allgy!,

The present invention further provides the compaunds of Formula 11 having the
g7, R R®, and R"" groups recited i Table 2.

Table 2

m'r R”E t]:'; [ Ry
1 d R together with the
teiffuoromethy] eﬂlyl ps:ndant nitrogen form a pyrrolidine

R and RV together with the
fso-propyl ethy) pﬁﬂﬁent nitrogen form a pyrrolidine

[ ' R and R tﬁg&ﬂl&r with the
f-buiyl ethyl pendent nittogen form & pyrrolidine

s} s

nng —
R’ and R together with the

furen-2-vi [ ethyl pendent nitrogen form a pyrrolidine
ring
R’ and RY {pgether with the
pendent nitrogen form a pyrrolidine ‘
o .
RE ang RY together with the

thien-2-yi ethyl pendent nitrogen form a pyrrolidine
ring
R’ and B iogether with the |

furan-3-yl gthyl pendent nitrogen form a pyrmlidirij
i

In anothet embodiment, the present invention provides compounds of formula
- 0r
//\"“N"h‘*- e \]\O/U\
RH
L, Sy
[yl N . b
11
T V\u COCH
RIE,NTN.\HR,B |
1l
1§
SVCA_ab0T4, 1

.-*'E/Q



10

15

20

@ d

WO 2007041270 PCT/USHHGHIBO0Y

wherein:

RY and R' are independently C; to Csalkyl or R'! and R, together with the
nitrogen atom pendent thereto, ate joined to form a heteroeyclic ring;

R" is Cy to C4 alkyl; and

R and R" are independently C, to C; alkyl or K™ and R* together with the
nitrogen atom, pendent thereto join to form a heterocyelic ring;

or a pharmaceutically acceptsble salt, ester, or prodmyg thereof,

In sote embodiments, the ~QC(OYNRR Y group is in the para position of the
phenyl ring. ’

In some embodiments, R'* and R™ are joined to form & heterocyelic ring, In
other embodiments, R™ and R are joined to form & pyrrolidiny! ring.

In some embodiments, R is C; to C4 alkyl. In other embodiments, R" is ethyl,

In some embodiments, R and R*? are independently Cs to Cyalkyl, In other
embodiments R*! is ethyl and R is isopropyl.

In some embodiments, R and Rlz, together with the nitrogen atom pendent
thersto, are joined to form a heterocyclic sing, In other embodiments, the heterocyclic
ring is selected from the group consisting of piperidin-1-yl and 3-thiapyrrelidin-1-yl.

- In yet other embodiments, R** and R" are joined to form a heterocyclic ring,
R¥ i C| to T4 alkyl, and R!! and R'2, together with the rgiﬁogtn atom pendent thereto,
are joined to form a heterocyclic ring,

The present invention further provides compouaids of fortula II] having the
R, R, RY, RY, and R¥ groups recited in Table 3,

Table 3

R“ 7 RIZ R Rl‘l _t RlJ .
R™ and R7 together with the R and R™ together with |
pendent pitrogen form & ethyl the pendent nitrogen form
piperidine f a pyrrolidine ting

R and R” together with
iso-propyl ethyl ethyl the pendent nitrogen form

a pyrrolidine fin
R and R" together with the | R™ and R™ together with
pendent nifrogen form a 3« ethyl the pendent nitrogen form
thiapyeroliding ring a pyrrolidineg ring

17
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I some embodiments, the present invention provides compounds of formula I,
IL, and IIT having the carbamy] sybstituents:

T&c'i”fﬂ. \}k{ﬁ\u.’Rg &Di /E'4
|
Ra éﬂ' Inﬂ

in their respective formulae attached to the phenyl ring at the pare position. In stili
other embodiments, the compounds in Tables 1, 2, and 3 have the carbamyl substituents
attached at the perg position,

In some embodiments, the present invention also provides compounds of
formula I, I, and IIi, including those in Tables 1, 2, and 3, having the carbamy]
substituents atttached at the orrho of meta positions.

The present invention also provides the compounds in Table 4.

Table 4

| - Siracture ] I Name_ ]
—

{ -

}

N-[2-digthylamino-3-{N-ethyl-N-

P o} .
(mﬂmmacetyl}ammu}pymudm4-yl]-
f L-4’-{{pyrrolidin-1-
ylcarbonyloxy}phenyialanine

S
c=<

o
-/

—
S

£

b

)
—=
3

=

L-4’-{(pyrrolidin-I-
yl}earbonyloxy ) phenylalanine

: Zz
W S

—

j; N-[2-diethylamino-5-{N-ethyl-N-(7-
3 ) R butylcarbonylamino} pyrimidin-4-ylj-L-
7N 4'-{{pyrrolidin-1-
i yDcarbay loxy yphenylalanine

s

N
D\I'l/ N-{2-diethylamino-3-{N-ethyl-N-(ise-
? prapylearbonyljamino} pyrimidin-4-yi]-
H

18
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Name

-
—
N-[2-diethylamino-5-{MN-ethyl-M-{foran-
2-ylcarbonyl)amino}pyrimidin-4-yi)-L-
4*-{(pyrrolidin-1-
Wjcarbenyloxy ) phenylalanine

N-[2-diethylamino-3- {N-ethyl-N-
. {piperidin-1-
ylearbonyl)amino} pyrimidin-4-y1j-L-4°-
{(pymolidin-1- '
ylDcarbonyloxy}phenylalanine ]

N-[2-diethylamino-5-{N-ethyl - N-{N-
ethyl-N-so-

. 6 éf\l" propylaminocarbonyljamino} pyrimidin-
| 'é Y 4-y1)-L-4'- {(pyrrolidin-L-
( . |8

yijcarbonyloxy phenyialaning , :

L O “
rr\‘*n H N[2-diethylamino-5-{N-ethyl N-{thien-
d H)\ N A oM 3-ylcarbonyl)amino }pyrimidin-4-y1}-L-

4*-{(pyrrolidin-1-
yljcarbenyloxy) phenylalanine

|
| oy 2 N-[2-diethylamino-5- {N-ethyl-N-({thien~
- j ; [ o 2.ykearbonylamine} pyrimidin4-ylj-1-
i 4*-{{pyrrolidin-1-
| " _ ' g\] yl)catbonyl oxy} phenylalanine
| —

o L/ {
| . /k g‘:‘J QT  N-[2-djethylaming-5-{ N-ethyl-N-(furan-
Ny ]

. 3-ylearbonyl)amine} pyrimidind-31-L-
| ah ¥ #-{(pyrrolidin-1-

j yi)earbornyloxy } phenylalanine
| < |
!
!

b
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. Name

D
! @ﬁig

N-(2-diethylamino-5-{N-ethyl-N-(3-
thiapyrrolidin-1-
ylcaxhunyljamm&}FYnmldm“"f—?ﬂ L4
{(pyrrelidin-1-
vi}arboanyloxy}phenylalaning

papsg
i

O A
ﬂ\‘fg
o

11

2

R
ru—

N-[2-diethylamine-5-{M-ethyl-N-(thien-
2-ylearbonyl)amine} pytimidin-4-yl)-L-
4 {pyrrolidin-1-yljcarbonyloxy } -

} phenylalanine t-butyl ester

s
FﬂYNJ

13 u \]<

L

" ——

N-[2-diathylamine-5- {N-ethyl-N- )
triflucromethylcarbonyDamino }pyrimidi
ndpl)-L-4"-{(pynolidin-1-
yl)carbonyloxy}-phenylalanine s-butyl
cuter

N-{2-diethylamine -5 - {M-ethyl-M-t- l
butylcarbonylamino}pyTimidin-4-yl)-L-
4 -{{pyrrolidin-1-yDearbonyloxy ) -
Phenylalanine f~butyl ester

|

N-{2-diethylamine-5- {N-ethyl-N-furan-
3-yicarbonyljarnino } pyrimidin-4-y1]-L-
4'-{(pyrrolidin-1-yl}carbonyloxy}-
phenylalanine -butyl ester

_ In apother aspect, this invention provides pharmaceutical compositions
comprising a pharmacestically sccepteble cander and 2 therapeutically effective

amount of one or more of the compounds defined herein,

In one of its method aspeets, this invention is directed to a method for treating &
disease mediated 4t least in part by a4 infegrin, preferably VLA-4, in a patient, which
method comprises administering a pharmaceutical composition comprising a
phannaceutically accopiable cerrier and a therapeutically effective amourd of one or

more of the compounds of this invention. In another aspect, this invention is directed

SYCA_S0074.1
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1o a use of 4 pharmacentical composition comprising a compound of this invention for
the menufachrs of & medicament for treating 2n ¢4 integrin mediated disease,

The compounds and pharmacentical compositions of this invention ate useful
for treating disease conditions mediated at least in part by od intepring, where the a4

integrin ia preferably VL.A~4 or leuceeyte adhesion. Such diseese conditions inciude,
by way of exampis, esthma, Alzheimer's disease, athercsclerosis, AIDS dementia,
diabetes {including acute juvenile onset diabetes), inflammatory bowel disease
(including ulcerative colitis and Crohn's disease), muitiple sclerosis, rheumatoid
arthritis, tisges tansplantation, tumor metastasis, meningitis, encephalitis, stroke, and
other ¢erebral traumas, nephritis, retinitis, aiopic dermatitis, psoriasis, myocardial
ischemia and acute leukocyte-mrediated lung injury such as that which occurs in adult

respivatory distzess syndrome,

Other disease caonditions include, but are not limited to, Inflammatory
conditions such as erythema nodosum, allergic conjunctivitis, optic neuritis, uveitis,
allergic thinitis, Ankylosing spondylitis, psoriatic arthritis, vasculitis, Reiter’s

syndrowme, systemic lupus erythematosus, progressive systemie selerosis, polymyositis,

| dermatomyositis, Wegner’s granulomatosis, aortitis, sarcoidosis, lymphocytopenia,
tempora! arteritis, pericarditis, myocarditis, congestive heart failurs, polyarteritis
nodosa, hypersensitivity syndromes, allergy, hypereosinophilic syndromes, Churg-
Strayss syndroime, chronic obstuctive pulmonary disease, hypersensitivity

preumonitis, chronic active hepatitis, interstitial cystitis, autoimmune endocrine failure,

primery biliary cirthosis, autoimmune aplastic anemia, chionie persisterd hepatitis and

thyroiditis.

In a preferred embodiment, the disease condition mediafed by o4 integrin is an

inflammatory disease.

Compoands of this invention inchude, by way of example, the following:

N-[2-diethylaming-5- N-sthyl-N-(rifluororcetyDaminoe ) pyrimidin d-yl}-L~4* -

{{(pymroiidin-1-yl)carbonyloxy} phenyialanine;

N-[2-diethylamine-5-{N-ethyl-N-(iso-propylcarbonylamino } pyrimidin-4-yl}-

L-4'-{(pyrrolidin-1-ylicarbonyloxy } phenylalanine;

N-[2-diethylamino-5- {N-ethyl-N-(t-butylearbony!}amino } pyrimidin- 4—}rl]-L 4’-

{{pymolidin-1-yi)carbonyloxyiphenylalanine;

SVCA_40074.1
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N-{2-disthylaming-5-{N-ethyl-N-(faran-2-ylcarbonyDamino} pyrimidin-4-yl}-
L-4"-{{pyrrolidin-1-yl)carbonyloxy} phenylalanine;

N-[2-diethylamino-5-{N-gthyl-N-(piperidin-1-ylcarbonyl)amino} pyrimidin-4-
¥1)-L-4'~{{pyrrolidin-1-yl)carbonyloxy}phenylalenine;

N-[2-diethylaminon5- {N-ethyl-N-(N-ethyl-N-iso-propylaminocarbonyljaminn } -
pyrimidin-4-y1]-L-4"-{(pyrrolidin-1-yl}carbonyloxy} phenylalanine;

N-[2-diethylamino-35- { N-ethyl-N-(thien-3-yloarbonyDamino )} pyrimidin-4-y1]-L-
4*-{{pyrrolidin-1-yl)carbonyloxy} phenylalanine;

N-[2-diethylamino-5-{N-ethyl-N-{thien-2-ylcarbonyl)aminoe} pyrimidin-4-y1]-L-
- {{pyrrelidin-1-yDrarbonyloxy }phenylalanine;

N-{2-diethylamino-5-{N-ethyl-N-(furan-3- ylua:’nanyl}amm-a}pyrmudmud-yl]
L-4*-{({pyrrolidin-1-yljcarbonyloxy}phenylalanine;

N-[2-diethylamino-5- {N-ethyl-N-(3-thiapyrrolidin-1 -
ylearbonyl)amino} pyrimidin-4-yl]-L-4"-{(pyrrolidin-1-yl)carbonyloxy} phenylalanine;

N-[2-diethylamino-5-{N-ethyl-N-(thien-2-ylcarhonylamine}pyrimidin-4-yl}-L-

-{{pyrrolidin-1-ylcarbonyloxy }-phenylalanine f~buty! ester;

N-[2-diethylaming-3-{N-ethyl-N-trifluoromethylcarbonylamino} pyrimidin-4-
yl]-L-4"-{{pyrrolidin-1-yl)earbonyioxy} -phenylalanine ¢-butyl ester;

N-[2-diethylamino-5- {N-ethyl-N-r-butylcarborylamine} pyrimidin-4-yl}-L-4’-
{(pvrrolidin-1-¥l)carbonyloxy} -phenylalanine #-butyl ester; and

N{E-dieth}rlamim-ﬂ-{N-n:thyl—N-furan—?r-ylcarbon}rl)amind ypyrimidin-4-ylj-L-
47-{{pyrrolidin-1-ylcarbonyloxy } -phenylalanine (-butyl ester;

or the pharmaceutically acceptable salt, ester, or prodrug thereof,

Compount] 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 temperatires, Himes,
mole ratios of reactants, solvents, pressures, ete.) are given, other process conditions
can also be used unless otherwise stated, Optimum reaction condifions may vary with
the particular reactants or solvent uséd, but such conditicns ¢an be determined by cne
skilled in the art by routing optimization procedures.

Additionally, as wiil be apparent to those gkilled in the art, conventional
profecting groups may be necessary to prevent certain functional groups from
undergoing undesired reactions. Suitable protecting groups for various functional
groups as well as suitable conditions for protecting and deprotecting particular

22
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fanctional groups are well known in the art. For example, numerous protecting groups
are described in T. W, Greene and G. M. Wuts, Profecting Groups in Organic
Synthesis, Second Edition, Wiley, New York, 1991, and references cited therein.

Furthermore, the compounds of {hiz invention will typically contain ene or more
chival centers. Accordingly, if desired, such compounds can be prepared or isolated as
pure stereoisomers, 7.e., as individual enantiomers or diastereomers, Or 23 steteoisomer-
entiched mixtures, All such stercoisomers {(and enriched mixtures) are inchrded within
the scope of this invention, unlgss otherwise indicated. Pure stereoisomers (or enriched
mixtures) may be prepared using, for examnple, optically active starting materials or
sterecselective reagents well-known in the art. Alternatively, racemic mixtures of such
compounds can be sepatated using, for exemple, chiral cotamn chromatography, chiral
resolving agents and the like.
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In one embodiment, the compounds of this invention can be prepared as
described below in Scheme 1:

F . F
e o N"*-Ft’ N N
W N ' EtyN hI N R, KaCly
H&LH GzFg : N ook
%r K
oF 12
P 'JR‘
N 2 .
T \7! PN 0\“’“\54
Oufg Kzt.tﬂa PYLW © \cnm,, MaEC, ,
T MeGHILG | N .Pg
1.3 HN 14 _,me\ "
t CF! RIGOG), pyriding, “R? : T
| . » /
f et
'/'\.N.-'\ M. Rl N‘\ Rt
. ’1)‘@ 0 N RERENM / b
N eore
R‘T H\‘Rt ﬂl}-\ D\Ier\ Ft’
Q 1.5 r1 N < r‘{Ft“
1 ” kf"kn COPY AN O
! R*A™N._.N
ﬁﬂﬂ YNE " \Ir ~ 13 \ N/L"N o
,1,&“ 0 kfkm COH
RWON, N,
N mgH \III, e
R\ .M a)
T Tre 18
° Scheme 1
. where R', R%, R?, R*, R and RS are as defined above and Pg is a carboxyl protecting

5 group such as benzyl, t-butyl, and the like,

In Scheme 1, the starting 5-aminopyrimidine intermediates, compound 1.1, are
described in detail in WO 03/09980% and, for the sake of illustration only, are shown in
this scheme as 4-substituted phenylalanige derivatives. It is understood, of course, that
2- and 3-substituted phenylalanine derivatives would follow a similar reaction pathway.

10 Specifically, in Scheme i, 5-aming-2-diethylamino-4-substituted pyrimidine,

compound 1.1 {prepared from by corresponding S-nitro-pyrimiding by reduction with
5% Pd/C or 3% PtO; by weight) is converted to the comespanding triflustosceiamide,
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