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LACTAM COMPOUNI)S ANI) THEIR USE AS

INHIBITORS OF SERINE PROTEASES AND
METHOD

This application is a continuation-in-part of U5. appli-
cation Ser. No. U9;‘478,632 filed Jan. 6, 2000, which claims
priority from provisional application No. (J'Ot'119,374 [iled
Feb. 9, 1999.

FIELD OF THE. [N V[:'N'l‘I()N

The present invention relates to Iaetam inhibitorsofserine
proteases such as Factor X21 and tryptase, which are useful
as anticoagulants in the treatment of cardiovascular diseases
associated with thromboscs, and as anti—inflammatory agents
particularly in the treatment of chronic asthma and related
diseases.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, novel substi-
tuted lactarn derivatives are provided which are in hibitors of
serine proteases and have the structure I

including pharmaceutically acceptable salts thereof and all
stereoisoniers thereof, and prodrug esters thereof, wherein

Ill and R2 are the same or different and are independently
selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
aminoalkylaryl, aminocycloalkylalkyl, aminoalkyl,
aminoalkylcycloalkyl, hctcroaryl, arylalkyl,
heteroarylalkyl, cycloalkyl, cycloalkylalkyl,
polycycloalkyl, polycycloalkylalkyl, cycloalkenyl,
cycloheteroalkyl, cycloallienylalkyl, polycycloalkenyl,
polycycloalkenylalkyl, or R1 and R2 can be taken with
the nitrogen to which they are attached to form a
cycloheteroalkyl ring; all optionally substituted
through available carbon atoms with "I, 2, 3 or4 groups
selected from hydrogen. halo, alkyl, haloalkyl, alkoxy.
haloalkoxy, alkenyl, allcynyl, cycloalkyl,
cycloalkylalkyl, eyeloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
aryleyeloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl. arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, subslitiltecl amino,
alkylamino, dialkylamino, thiol, alkylthio, arylthio,
hctcroarylthio, arylthioalkyl, aminoalkyl,
alkyloxycarhnnylaminnalkyl,
arylall-iyloxycarbonylan'1ino—alkyl, alkylcarbonyl,
arylcarbonyl, arylarninocarbonyl, aminocarbonyl,
alkynylaminocarbonyl, alkylaminocarbonyl,
alkcnylaminoearbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino,
arylcarbonylamino, arylsulfinyl, arylsulllnylalkyl,
arylsulfonyl, alkylsulfonyl, arylsullonylamino,
heteroarylcarbonylamino, heteroarylsullinyl,
heteroarylthio, heteroarylsulfonyl, or alkylsulfinyl;
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R6

R7o— or R“

R3 is selected from alkyl, alkcnyl. alkynyl, aryl,
hctcroaryl, arylalkyl, hctcroarylalkyl, cyeloalkyl,
cycloalkylalkyl, polycycloalkyl, polycycloalkylalkyl,
cycloalkenyl, cycloheteroalkyl, cycloalkenylalkyl,
polycycloalkcnyl, or polycycloalkcnylalkyl; all option-
ally substitutcd through available carbon atoms with I,
2, 3 or 4 groups selected from liydrogen, halo, alkyl,
haloalkyl, alkoxy, haloalkoxy, alkcnyl, alkynyl,
cycloalkyl, cycloalkylalkyl, cyclohctcroalkyl,
cyclolieteroalkylalkyl, aryl, heteroaryl, arylalkyl,
arylcycloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo_ hetcroaryloxo,
hctcroarylalkyl, heteroarylalkcnyl. heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino,
alkylamino, dialkylarnino, thiol. alkylthio, aryllhio,
heteroarylthio, arylthioalkyl, alkylcarbonyl,
arylcarbonyl, arylaminocarbonyl, alkoxycarbonyl,
aminocarbonyl, alkynylaminocarbonyl,
alkylarniriocarbonyl, alkenylaminocarbonyl,
alkylcarbonyloxy, arylearbonyloxy,
alkylcarbonylamino, arylcarbonylamino, arylsulfinyl,
arylsulfinylalkyl, arylsulfonyl, alkylsulfonyl,
arylsulfonylamino, heteroarylcarbonylamino,
heteroarylsulfinyl, hctcroarylthio, hctcroarylsulfonyl,
or alkylsulfinyl;

R5 and R5 are the same or dillerent and are independently
selected from alkyl, alkcnyl, alkynyl, aryl, hctcroaryl,
arylalkyl, heleroarylalkyl, cycloalkyl, cycloalkylalkyl,
polycycloalkyl, polycycloalkylalkyl, cycloalkenyl,
cyclohctcroalkyl, cycloalkcnylalkyl, polycycloalkcnyl,
polycycloalkenylalkyl, arylearbonyl. alkylcarbonyl,
alkoxycarbonyl, aryloxycarbonyl, arylsulfonyl, or
alkylsullbnyl, or R5 and R” can be taken with the
nitrogen to which they are attached to form a cyclo-
lieleroalhyl ring; all optionally substituted through
available carbon atoms with 1. 2. 3 or 4 groups selected
lirom hydrogen, halo, alkyl, haloalkyl, alkoxy,
haloalkoxy, alkcnyl, alkynyl. eycloalkyl,
cycloalkylalkyl, cycloheteroalkyl,
cyclohctcroalkylalkyl, aryl, hctcroaryl, arylalkyl,
aryleycloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino,
alkylamino, dialkylarnino, thiol, alkylthio, arylthio,
heteroarylthio, arylthioalkyl, alkylcarbonyl,
arylcarbonyl, arylaminocarbonyl, alkoxyearbonyl,
aminocarbonyl, alkynylaminocarbonyl,
alkylaminocarbonyl, alkenylaminocarbonyl,
alkylcarbonyloxy, arylearbonyloxy,
alkylcarbonylamino, arylcarbonylamino, arylsulfinyl,
arylsulilnylalkyl, arylsulfonyl, Ellli}'lSUlf0l'l)«'l,
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arylsulfonylamino, heteroarylearbonylamino,
heteroarylsulfinyl, heteroarylthio, heteroarylsulfonyl,
or alkylsullinylg

R7 and R8 can be the same or different and are indepen-
dently selected from alkyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, eyeloalkyl,
eyeloalkylalkyl, polyeyeloalkyl, polyeyeloalkylalkyl,
eyeloalkenyl, eyeloheteroalkyl, eyeloalkenylalkyl,
polycycloalkenyl, polyeycloal_kenyl—alkyl, all option-
ally substituted through available carbon atoms with 1,
2, 3 or 4 groups selected from hydrogen, halo, alkyl,
haloalkyl, alkoxy, haloalkoxy, alkenyl, alkynyl,
eyeloalkyl, eyeloalkylalkyl, eyeloheteroalkyl,
eyeloheteroalkylall-zyl, aryl, heteroaryl, arylalkyl,
aryleyeloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, eyano, amino, substituted amino,
alkylamino, dialkylamino, thiol, alkylthio, arylthio,
lieleroaryltliio, arylthioztlkyl, alkylcarbotlyl,
arylearhonyl, arylaminoearlionyl, alkoxyearhonyl,
arninoearbortyl, alkynylaminocarbonyl,
alkylaminoearbonyl, alkenylaminoearbonyl,
alkylcarhrinyloxy, arylearhonyloxy,
alkylearhonylamino, arylearhonylamino, arylsnlfinyl,
arylsullinylalkyl, arylsulfonyl, alkylsulfonyl,

arylsulfonylarnino, heteroarylearbonylamino,
heteroarylsullinyl, heteroarylthio, heteroarylsulfonyl,
or alkylsullinyl; with the proviso that

where in the formula 1 compounds

R:N—c— Ur 1<“—C—

,: n nY Y

and (1) R‘ and R2 are independently alkyl, eyeloalkyl,
alkenyl, phenyl, benzyl, eyanoalkyl, alkoxycarbnnylalkyl,
or phenyl mono- or disubstituted with lower alkyl, eyano,
hydroxy, dialkylamino, al.k.oxy, benzyloxy, alkylarrtino,
allioxyearbonyl, pyrrolidino, niorpholino, halogen, alkyl
substituted with one or more fluorines, then Y is S;

(2) where R] and R2 are alkyl, then Y is S; and

(3) where one of R1 and R2 is alkyl and Y is 0, then the
other is alkynyl, heteroaryl, heteroarylalkyl,
cycloalkenyl, eycloheteroalkyl, heteroaryloxy,
eyeloalkenylalkyl, polyeyeloalkenyl, polyeyeloalkeny-
lalkyl or R1 and R: can be taken with the nitrogen to
which they are attached to form a eycloheleroalkyl
ring, all optionally substituted through available carbon
atoms with 1, 2, 3 or 4 siihstittients as defined for R1
and R2.

Thus, the compounds of formula [ of the invention can
have the following structural formulae:
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R5 O R‘

\ a J

R5/i \H/ l\ ' “Wt?Y O

[(7
0 R1

R70 31/

T ‘ N“Y 0

ID

() /R1H

R N N.‘‘fil R“

Y 0

Preferred eompounds are compounds of formula IB

wherein l{1 and R2 together with the nitrogen to which they
are attached form a cycloheteroalkyl ring, preferably a

pyrrolidinyl ring, Y is S, one of R5 and R” is hydrogen and
the other of R5 and R” is aryl, alkylaryl or alkoxyaryl such
as phenyl, 3-rnethylphenyl or 3-methoxyphenyl,
4-eyanophenyl, 3-lluorophenyl, 3-ehlorophenyl,

4-ehlorophenyl, 4-rnethoxyphenyl. 3-ehloro-4-
nlethylplienyl, 3,5-dieliloroplienyl, 3-iodophenyl, 3,5-
dimethylphenyl or naphthyl.

Also preferred are compounds of formula ID wherein one
of R] and R3 is hydrogen and Y is O.

In addition, preferred are compounds of formula ID

wherein one of R' and R2 is aminoalkylaryl such as

N1 1-: andE .NH3_.
C[I_\

S E ,NH-3
(TI

and aminoeyeloalliylalkyl, such as

[A 6!! [-| 3|-1

R‘ g 0 JR‘
\%f “R2

0 as

and y is O.
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Preferred compounds of the invention havc the structures
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—continued

N

I133‘ N

0

It will be appreciated that in compounds illustrated above
and throughout, where a nitrogen is included with an appar-
ent open valence, the nitrogen includes a hydrogen atom.

In addition, in accordance with the present invention, a
method for treating andfor preventing medical conditions
related to tryptase (such as asthma, chronic asthma or
allergic rhinitis) or Factor Xa (such as thromboses, coronary
artery disease or cerebrovascular disease) is provided,
wherein a compound of formula I is administered in a
therapeutically effective amount which inhibits Factor Xa or
tryptasc.

DI.-'.'l'AlLljD D].-'.SCRIP'l'ION OI" TIILE
INVENTION

The following definitions apply to the terms as used
throughout this specification, unless otherwise limited in
specific instances.

Unless otherwise indicated, the term "lower alkyl”,
“alkyl" or “alk” as employed herein alone or as pan of
another group includes both straight and branched chain
hydrocarbons, containing 1 to 40 carbons (in the ease of
alkyl or alk), preferably 1 to 20 carbons, more preferably 1
to l2 carbons (in the case of lower alkyl), in the normal
ehain,sueh as methyl,ethyl, propyl, isopropyl, butyl, t—butyl,
isobutyl, peutyl, hexyl, isohexyl, heptyl, 4,4—dituethylpeutyl,
oetyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl, dodeeyl,
the various additional branched chain isomers thereof, and

the like as well as such groups including 1 to 4 substituents
which may be any of the R1 or the R1 substituents set out
herein.

Unless otherwise indicated, the term “cycloalkyl" as
employed herein alone or as part of another group includes
saturated or partially unsaturated (containing 1 or 2 double
bonds) cyclic hydrocarbon groups containing 1 to 3 rings,
including monocyclicalkyl, bicyclicalkyl and tricyclicalkyl,
containing a total of 3 to 20 carbons forming the rings,
preferably 4 to '12 carbons, forming the ring and which may
be fused to one aromatic ring as described for aryl, which
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
eycloheptyl, eyelooetyl, cyclodeeyl and cyclododecyl,
cyclohexenyl,

any of which groups may be optionally substituted with "l to
4 substituents which may be any of the R1 groups, or the R1
substituents set out herein.
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The term “cycloalkeny1" as employed herein alone or as
part of another group refers to cyclic hydrocarbons contain-
ing 5 to 20 carbons, preferably 6 to '12 carbons and I or 2
double bonds. Exemplary eycloalkenyl groups include
cyclopentenyl, cyclohexenyl, eyeloheptenyl, cyelooetenyl,
cyclohexadienyl, and cycloheptadienyl, which may be
optionally substituted as defined for cycloalkyl.

The term “aryl” as employed herein alone or as part of
another group refers to monocyclie and hicyclic aromatic
groups containing 6 to 10 carbons in the ring portion (such
as phenyl or naphthyl including 'l—naphthyl and 2—naphthyl)
and may optionally include one to three additional rings
fused to a carbocyclic ring or a heterocyclic ring (such as
aryl, cycloalkyl, heteroaryl or cycloheteroalkyl rings) and
may be optionally substituted through available carbon
atoms with l, 2, or 3 groups selected from hydrogen, halo,
haloalkyl, alkyl, haloalkyl, alkoxy, ltaloalkoxy, alkenyl,
trilluoromethyl, trifluoromethoxy, alkynyl, cycloalkylalkyl,
cycloalkyl, eyeloheteroalkyl, eyeloheteroalkylalkyl, aryl,
aminoalkyl, heteroaryl, arylalkyl, aryloxy, aryloxyalkyl,
arylalkoxy, arylthio, arylazo, heleroarylalkyl,
heteroarylalkenyl, heteroarylheteroaryl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino wherein the
amino includes 1 or 2 substituents (which are alkyl, aryl or
any of the other aryl compounds mentioned in the
definitions), thiol, alkylthio, arylthio, heteroarylthio,
arylthioalkyl, alkoxyarylthio, alkylcarbonyl, arylcarbonyl,
alkyl-aminocarhonyl, arylaminocarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylcarbonyloxy, arylearbonyloxy,
alkylcarbonylamino, arylcarbonylamino, arylsulfinyl,
arylsulfinylalkyl, arylsulfonylamino or arylsulfon-
aminocarbonyl or any ofthe R1 groups or the R1 substituents
set out herein.

The term “aralkyl”, “aryl—all<yl" or "aryllower alkyl" as
used herein alone or as part of another group refers to alkyl
groups as discussed above having an aryl substituent. such
as benzyl or phenethyl, or naphthylpropyl, or an aryl as
delined above.

The term “lower alkoxy", “alkoxy”, "aryloxy” or
“aralkoxy” as employed herein alone or as part of another
group includes any of the above alkyl, aralkyl or aryl groups
linked to an oxygen atom.

The ten'n “amiuo" as employed herein alone or as part of
another group may optionally be independently substituted
with one or two substituents, which may be the same or
different, such as alkyl, aryl, arylalkyl, hetcroaryl,
heteroarylalkyl, eycloheteroalkyl, cycloheteroalkylalhyl,
cycloalkyl, cycloalkylalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl or thioalkyl. These substitucnts may he ftrrther
substituted with a carboxylic acid or any of the R1 groups or
R1 substituents thereof as set out above. In addition, the
amino substituents maybe taken together with the nitrogen
atom to which they are attached to fonn 1—pyrrolidinyl,
l-piperidinyl, 1-azepinyl, 4-morpholinyl,
4-thiamorpholinyl, '1-piperazinyl, 4-alkyl-1-piperazinyl,
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4—arylalkyl—1—piperazinyl, 4—di:trylalkyl—1—piperazinyl,
l—pyrrolidinyl, '1 —piperidinyl, or l—a7cpinyl, optionally sub-
stituted with alkyl, alkoxy, alkylthio, halo, trifluorometliyl or
hydroxy.

The term "lower alkylthio”, alkylthio”, "arylthio” or
“aralkylthio” as employed herein alone or as part of another
group includes any ofthe above alkyl, aralkyl or aryl groups
linked to a sulfur atom.

The term "lower alkylamino”, “alkylamino”,
“aryla1:nino", or "arylal.kylamino” as employed herein alone
or as part of another group includes any of the above alkyl,
aryl or arylalkyl groups linked to a nitrogen atom.

The term “acyl" as employed herein by itself or part of
another group, as defined herein, refers to an organic radical
linked to a carbonyl

(ti)

group; examples of acyl groups include any of the R' groups
attached to a carbonyl, such as alkanoyl, alkcnoyl, aroy],
aralkanoyl, heteroaroyl, cycloalkanoyl, cycloheteroalkanoyl
and the like.

The term "alkanoyl“ as used herein alone or as part of
another group refers to alkyl linked to a carbonyl group.

Unless otherwise indicated, the term "lower alkenyl” or
“alkenyl"' as used herein by itself or as part of another group
refers to straight or branched chain radicals of 2 to 20
carbons, preferably 3 to 12 carbons, and more preferably 1
to 8 carbons in the normal chain, which include one to six
double bonds in the normal chain, such as vinyl, 2-propenyl,
3—butenyl, 2—butenyl, 4—pentenyl, 3—pentcnyl, 2—hexenyl,
3—hcxcnyl, 2—hcptcnyl, 3—heptenyl, 4—heptenyl, 3—octcnyl,
3-nonenyl, 4-decenyl, 3-undecenyl, 4-dodecenyl, 4,8,12-
tetradeeatrienyl, and the like, and which may be optionally
substituted with 1 to 4 substituents, namely, halogen,
haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, aryl, arylalkyl,
eyeloalkyl, amino, hyrlroxy, heteroaryl, cyclohcteroalkyl,
alkanoylamino, alkylamido, arylcarbonyl—amino, nitro,
cyano, thiol, alkylthio or any of the R‘ groups, or the R1
substituents set out herein.

Unless otherwise indicated, the term “lower alkynyl” or
"alkynyl" as used herein by itself or as part ol‘ another group
refers to straight or branched chain radicals of 2 to 20
carbons, preferably 2 to 12 carbons and more preferably 2 to
8 carbons in the normal chain, which include one triple bond
in the normal chain, such as 2-propynyl, 3-butynyl,
2-butynyl, 4-pentynyl, 3-pentynyl, 2-hexynyl, 3-hexynyl,
2—l1cptynyl, 3—l1cptynyl, 4—hcptynyl, 3—uctynyl, 3—nonynyl,
4-decynyl,3-undecynyl, 4-dodecynyl and the like, and which
may be optionally substituted with l to 4 substituents,
natnely, halogen, haloalkyl, alkyl, alkoxy, alkcnyl, alkynyl,
aryl, arylalkyl, cycloalkyl, amino, heteroaryl,
eycloheteroalkyl, hydroxy, alkanoylamino, alkylamido,
arylearbonylamino, nitro, cyano, thiol, andfor alkylthio, or
any of the R1 groups, or the R1 substituents set out herein.

Where alkyl groups as defined above have single bonds
for attachment to other groups at two different carbon atoms,
they are termed "alkylene” groups and may optionally be
substituted as defined above for “alkyl”.

Where alkcnyl groups as defined above and alkynyl
groups as defined above, respectively, have single bonds for
attachment at two different carbon atoms, they are termed
“alkenylene groups” and "alkynylene groups”, respectively,
and may optionally be substituted as defined above for
“alkenyl"' and "alkynyl”.
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Suitable alkylene, alkenylene or alkynylene groups
(Cl-I2), (where, p is "l to 8, preferably 1 to 5) (which may
include alkylene, alkenylene or alkynylene groups) as
delined herein, may optionally include I, 2, or 3 substituents
which include any of the R1 groups, or the R1 substituents
set out herein.

Examples of alkylene, alkenylene and alkynylene include

j(_ii]'7ClljCll_-5*, TC}I;C[:CII: _,

j(“%(":(_"ll3j_, —(‘II3—fr _,O

jCH3—Cl-ll’ CH3’(|i.‘j_. ‘(ill-i3C%C'C['l-3* ,U

CH3

t‘=('n fill: (Fl {.3}: [(—‘llz_\);-,
Cl I3

((TH_1')_‘ , (CH3): T (iH_3CTl'lg ,Cl I3

TCHEWTHT _, TCHETHCHE _, TCHCH1 ,CH3 C3115 CH3

T(‘Ht't"Hg("Hg , T(‘H(‘H("Hg ,

Cgllf, CH;
CH,

$11};
j(iH2—{li*(iH-3? _, j(CH-95* _,

CH3

T W]
((TH_1)_1‘ fl: CH3 CH3 CH CH~F

CH3 CH3

j(CH3)_1‘*CHj _. ‘(_‘.H3*C'.I-l?f_'.j ,

C113 I'_‘.[I_1
jClI2’CilljCII*ClI;,j _.

(ill; C";
CH3

jClI3“Cill—‘CII3“ClI*‘ _. jcl l:'ClI3CH_\,—" ,

CH3 CH3
UCU5

jCH—*CH3(_iH3—* 01' (CH-_a]_\‘—CF_q—*.

The term “halogen" or "halo” as used herein alone or as
part of another group refers to chlorine, bromine, fluorine,
and iodine as well as C173, with chlorine or fluorine being
preferred.

The term “metal ion” refers to alkali metal ions such as

sodium, potassium or lithium and alkaline earth metal ions
such as magnesium and calcium, as well as zinc and
aluminum.

The term “cycloheteroalkyl", as used herein alone or as
part oi‘ another group refers to a 5-, 6- or 7-membered
saturated or partially unsaturated ring which includes 1 to 2
hetero atoms such as nitrogen, oxygen andfor sulfur, linked
through a carbon atom or a heteroatom, where possible,

optionally via the linker (CH3)? (which is defined above),such as
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Cr“, C/7,
C} 0+ E},

C7 C3’ “"”“ “”, ,KA_k),

and the like. The above groups may include 1 to 4 substitu-
ents such as alkyl, halo, oxo and,-“or any of of the R‘ groups,
or the R‘ substituents set out herein. in addition, any of the
above rings can be fused to a cycloalkyl, aryl, heteroaryl or
eycloheteroalliyl ring.

The term “heteroaryl” as used herein alone or as part of
another group refers to a 5- or (i—membered aromatic ring
which includes 1, 2, 3 or 4 hetero atoms such as nitrogen,
oxygen or suli‘ur,and such rings fused to an aryl, cycloalkyl,
hctcroaryl or eycloheteroalkyl ring (e.g. bemiolhiophenyl,
indolyl), and includes possible N-oxides. The heteroaryl
group may optionally include 1 to 4 substituents such as any
of the R1 groups or the R1 substituents set out above.
Examples of heterearyl groups include the following:

/m as,

/

\
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—cor1tinued

” ”\>.s(\j[JA

530
cu,

[IH30 N

and the like.

The ten'n “cycloheteroalkylal.kyl” as used herein alone or
as part of another group refers to cyclolleteroalkyl groups as
defined above linked through a C atom or heteroatom to a
(Cl-I2)” chain.

The term “hctcroarylalkyl” or "heteroarylalkenyl” as used
herein alone or as part of another group refers to a heteroaryl
group as defined above linked through a L‘ atom or hereroa—
tom to a —((fll3),,— chain, alkylene or alkenylene asdefined above.

The term “polyhaloa1kyl" as used herein refers to an
“alkyl” group as delined above which includes from 2 to 9,
preferably from 2 to 5, halo substituents, such as l5 or (71,
preferably [7, such as Cl’3CII3, Cl-'3 or Cl-‘3Cl-‘:ClI:.

The term “polylialoalkyloxy” as used l1ereir1 refers to an
“alkoxy” or “alkyloxy" group as defined above which
includes from 2 to 9, preferably from 2 to 5, halo
substituents, such as F or Cl, preferably F, such as
Cl~‘3CH3O, CF30 or Cl~‘3Cl~‘3CH3O.

The compounds of formula I can be present as salts, in
particular pharrriaccutically acceptable salts. [f the com-
pounds of formula 1 have, for example, at least one basic
center, they can form acid addition salts. These are formed,
for example, with strong inorganic acids, such as mineral
acids, for example sulfuric acid, phosphoric acid or a
hydrohalie acid, with strong organic carhoxylie acids, such
as alkaneearboxylic acids of '1 to 4 carbon atoms which are
unsubstituted or substituted, for example, by halogen, for
example acetic acid, such as saturated or unsaturated dicar-
boxylic acids, for example oxalic, malonic, succinic, maleic,
fumarie, phthalic or terephthalie acid, such as hydroxycar-
boxylic acids, for example ascorbic, glycolic, lactic, malic,
tartaric or citric acid, such as amino acids, (for example
asparlic or glutamic acid or lysine or arginine), or benzoic
acid, or with organic sulforiic acids, such as (C,—C,,)—a1ky1—
or aryl-sulfonic acids which are unsubstituted or substituted,

PENN EX. 2225

CFAD V. UPENN

lPR20l5-01836



US 6,344,450 B1

25

for example by halogen, for example methane— or p—toluene—
sulfonic acid. Corresponding acid addition salts can also be
formed having, if desired, an additionally present basic
center. The compounds of formula I having at least one acid

group (for example (_'()()ll) can also form salts with bases.
Suitable salts with bases are, for example, metal salts, such
as alkali metal or alkaline earth metal salts, for example
sodium, potassium or magnesium salts, or salts with ammo-
nia or an organic amine, such as morpholine,
thiomorpholine, piperidine, pyrrolidine, a mono—, (|i— or
tri—lower alkylamine, for example ethyl—, tert—butyl—,
diethyl—, r|iisopropyl—, triethyl—, tributyl— or (limethyl—
propylamine, or a mnno—, di— or trihydroxy lower
alkylaniinc, for example mono-, di- or trictlianolaluinc.
Corresponding internal salts may furthermore be formed.
Salts which are unsuitable for pharmaceutical uses but
which can be employed, for example, for the isolation or
purification of free compounds I or their pharmaceutically
acceptable salts, are also included.

Preferred salts of the compounds of formula I include
monohydroehloride, hydrogensulfate, methanesulfonate,
phosphate or nitrate.

All stercoisomers of the compounds of the instant inven-
tion are contemplated, either in admixture or in pure or
substantially pure form. The compounds of the present
invention can have asymmetric centers at any ofthe carbon
atoms including any one of the R substituents.
Consequently, compounds of formula I can exist in enan—
tiomerie or diastereomerie forms or in mixtures thereof. The

processes for preparation can utilize racemates, enantiomers
or diaslereomers as starting, materials. When enantiomerie or
diastereomerie products are prepared, they can be separated
by conventional methods for example, chromatographic or
fractional crystallization.

It should be understood that the present invention includes
prodrug forms of the compounds of formula I such as
alkylesters of acids or any known prodrugs for laetam
derivatives.

The compounds of the instant invention may, for example,
be in the free or hydrate form, and may be obtained by
methods exemplified by the following descriptions.

The compounds of formula I may be prepared by the
exemplary processes described in the following reaction
schemes. Exemplary reagents and procedures for these reac-
tions appear hereinafter and in the working Examples.

Compounds of formula I of the invention can be prepared
from the corresponding amine I by using the sequence of
steps outlined in Scheme I set out below.

Re-acLio:1 Scheme I

l0 R

N!II_-,N

_\J/\“/ \R3 +o

0

AKCl

?.o1'3or4or5

T...
1+ 33

2
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—continued

R I
0 /’II

R N N

Y N \. R3;
0 0

[D
OI’

(Kg//o
19/‘ \‘‘(:t

3

St: I fonylati on 

R"\ ‘/ix!
//"\\0 0 0

In
or

; Co ndensaiion
0 Cl

01‘

It‘
or

C0 ndensaiion

[B

Reaction of amine l in an inert organic solvent such as

dichloromethane, chloroform or tetrahyclrofuran with reac-
tant acid chloride 2, sulfonyl chloride 3, ehloroformate 4 or

carbamoylehloride 5, employing a molar ratio of reactan-
t:amine 1 within the range from about 5:'l to about 1:5,
optionally in the presence of an acid scavenger such as
triethylamine, diisopropylethylamine. pyridine, or
polyvinylpyridine, forms compounds ID, IA, IC or IE ofthe
invention.

Starting compound 1 can be prepared by methods known
in the art as outlined in Reaction Scheme IA below.
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Re action Scheme IA

0

Bociifi
NH.

O Acylalion
I'It3N, (.‘Hg(T|3_. ll" (T.-r.t., 36 h. .

14 15

()

I

R\N BI’
18/ 16

o /R‘ljnlkvlation ._ - .._\ N
L'.llMDS,'I'lIl" ”‘ N ‘EH313 t ‘J5 on -
r.t._. ‘l-4h

2)Deprotection ()
'I‘l*'J’\;'(THg(Tl-3

Compound '1 is a novel compound provided that R‘ and R:
are as defined herein, but excludes alkyl, alkcnyl, aryl,
arylalkyl, cycloalkyl or polycycloalkyl.

Compounds of formula I of the invention wherein

that is

it“

t~'—c?,

I25 0

can be prepared from the corresponding acid 6 by using the
sequence of steps outlined in Scheme [1 (Procedures A and
B) set out below.
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Rezn;'.iuJ1 Scltt-:n'J: l[

ProcedurL'.A
Amidation

1; nNR‘R” (21)
D[G"[IOAU'CH;Cl3;'D.\:IF

2) SCX l".trigication

Oil

NWD U
 

Procedure B
Ainitlation

1) nNR‘R3 (9.1)
EDACJDMAI’.-"ClI—_:Cig

2] SCX P‘.lt‘iglCflIi0t1
R‘ O R‘

\ at J

R6/. NW. ex“?0 0

11;

For amines where R‘ andfor R” contain additional basic

nitrugens.

Procedu re A

Procedure B

For amines where R1 andfor R3 contain no additional
basic nitrogcns.

In Procedure A {for amines where R1 andfor R7‘ contain
additional basic nitrogens), a mixture of a solution of amine
21 in an inert organic solvent such as THE, rI1ctl1ylct1ccl1lo—
ride or chlorofonrt. a carbodiimide such as diisopropylcar-
bodiimide (DIC) and 7—aza—1—hydroxy—benzotriazole
(HOAt] is reacted with acid 20, employing a molar ratio of
amine Zltacid '20 within the range from about 5:] to about
1:5, preferably at about l:l.1, to form a reaction mixture
which is purified via an SCX column to separate out
compound IB of the invention.

The DIC will be employed in a molar ratio to acid 20
within the range from about 5:1 to about 1:5, preferably at
about 1_t'i:'l , and the HOAI will be employed in a molar ratio
acid 20 within the range from about 5:1 to about 1:5,
preferably at about 1.6:l.

In Procedure R (foramines where R1 anrlfor R: contain no
additional basic nitrogens) a mixture of a solution of amine
2| in an inert organic solvent such as THE methylenechlo-
ride or chloroform, ethyldimethylaminopropylcarbodiimidc
(EDAC) and dimethylaminopyridine (DMAP) with acid 20,
employing a molar ratio of amine 2l:acid 20 within the
range from about 5:1 to about 1:5, preferably at about 15:1,
to form a reaction mixture which is purified via a SCX
column to separate out compound 1B of the invention.

The EDAC will be employed in a molar ratio to acid 20
within the range from about 5:1 to about 1.5, preferably at
about 15:1, and the DMAP will be employed in a molar
ratio to acid 20 within the range from about 5:1 to about l:5,
preferably at about 1.5:1.

Starling compound 20 can be prepared by methods known
in the art as outlined in Reaction Scheme IIA.
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Alkylation
(J0

[I

T NH 0|€l
0 N 57%2..

LIIMDS
O THF

'34

0 _

H Deprotecnon

O N N ()|'II 1 M “ClI -1120

0 0 RT

25

Condc nsalion0
N00

H3N OEL

“Alf
O ,

F.'T3N
, ']‘lll"
‘F’ In‘

Sap-uniI'icalion
N N 0551 or Ilvd rolysis

Y Air 2 M Na( I H
N .

0 0 TIIF
EIOII

2? RT

 

Compounds of fonrlula I of the invention wherein

Xis

R":C* ,

Y

Y is 0 or S, and R4 is

16 nfllll

30
that is

R5

5 or (x—
R6 0 HE S

can he prepared from the corresponding amine 1 by using
to the sequence of steps outlined in Scheme III set out below.

Reaction Scheme [II

25

15 Coitdeitsation

1. R5.\'co or R-‘Ncs
0 R’ (31) (30)

H N _/ cngclg, 10', oh.
2 'F"“*v._ N "\R._;_ '2. aminomelh_\'l-'30 polystyrene (32)

O resin, '.6]t._, RT

1

O R1

15 VI’

R5/‘ Y -I'.J;,,,‘ N/Y‘ "\.Rz_,O U

3n l13'
CIT

O 1R

¥ ‘E J

35 R5/- Y ’-'4;,‘_ NW‘ '-._R3S 0

40

Reaction of amine 1 (in an inert organic solvent such as
dichloromethane, chloroform or tetrahydrofuran) with reac-
lanl 30 or 31 employing a molar ratio ol‘ 30 or 3l:amine l
within the range of from about 5:] to about 1:5, followed by
treatment with aminomelhylpolyslyrene (32), affords the
compound of the invention 1B‘ or 1B".

Compounds of formula I of the invention wherein

0

50 )J\K: RS

55 can he prepared from the corresponding acid 29

0

R3 HN ()H

6” T N/\"/0 O

65 using the sequence of steps outlined in Scheme IV set out
helow:
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1 \i 1-1.
‘J. H.\n<1i<~ R" 5 _ 011

polystyrene-FDC 5 Y KY
l)C.‘M. DMF. iPrgN|-II 0 0

2. l’rcparaliw.'. [Il’I.(T
3. Optional deprtiloclion 29

0 of amine group within R1 arid.-"or m
R” UN on R3

fir “Y
0 0 Alternatively, compounds of formula I of the invention

39 wherein
O R‘ I5

/

R3 UN NR‘ 0

Y NVT R2 Jlx
0 o X= 33

ED
1131

, . _ _ , can be prepared from the corresponding amine l
R andfor R* can be neutral or may contain a basic nitrogen.

When R1 anclfor R: contains a basic nitrogen, the nitrogen ,5 1
may optionally be protected, for example with a BOC group 0 R1
or Chz group. The protecting group can then be removed, for /

example, by treating with 'l'l-‘A in methylene chloride for “IN ‘J N‘-~.R,
removal of a BOC or Cbz protecting group.

Starting compound 29 can be prepared by methods :15 30 0
outlined in Reaction Scheme IVa

Reaction Selienic [Va

35 using the sequence of steps outline in Scheme V set out
below.

0 .

B0(_-\ 0 Br/Y Reaction Scheme V
115' 0 4:: 0

_\J[I 3“LIIMDS

THF 80 R] 1. R OH
_ H EDC, DMAP, DCE, DMF

1'1 4:‘ 3. SCX purification
E 3. Optional deprotectioii oFa:Tii:ie

Boa O 4:“ “Cl group within R1 andfor R2
Hl\' (II 4. SCX pttinicarioii

NW 5. Pi'ep:Ii':itive UPI!‘
o 31 50 O R‘

ta“ UN N’

O Y N/W \.R3
0 J\ 0 0R3 011 - _ _

HZN N 0 I-:I)(:_. H()It'I‘_. is
DCM, iPrgNEt ID‘

0

32

an 2 , - - -

O H3>1m|Pd_(, R1 and,«”orR can l)t'.)F‘I'1t:'|.lll'E1l0ljl'T1ElyCt'!l'1l¢'.lll'1 a basic nitrogen.
R. 0 Tm-. When R antlfor R" in starting amine 1 contains a basic

\“/' N/Y nitrogen, the nitrogen may optionally be protected, for
0 0 example, with it BOC group. The protecting group can then

65 he removed, for example, by treating with TFA in methylene
33 chloride for removal of a BOC protecting group, as outlined

below in Reaction Scheme VA.
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Re action Scheme VA
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The Factor Xa inhibiting compounds of the invention are
useful in the treatment andfor prevention of thrombotic
events associated with cardiovascular disease including, but

0 not limited to, coronary artery and cerebrovascular disease.

J\ 5 This includes a number of thrombotic and prothrombotic
cl 0 states in which the coagulation cascade is activated which

0 include, but are not limited to, formation of atherosclerotic
plaques, venous or arterial thrombosis, coagulation

H:N ‘J O” H d. syndromes, isclieinia and angina (stable and unstable), deepN“ .a _. 2()_,I0X‘fi]'lE . ., . . I A
IU vein thrombosis [DVI), disseminated intravaseular

coavulo ath ', Kasabach-Merritt s ndrome, ulmonarvis P 3 Y P .

embolism, myocardial infarction, cerebral infarction, cere-

0 bral thrombosis, atrial fibrillation, cerebral embolism,
0 thrombocmholic complications of surgery (such as hip

A 0 Bi I5 replacement, introduction of artillcial heart valves and- T0... endarterectomv) and peripheral arterial occlusion. The com-O 5H Limbs 'i'iii-' ”
N[I ‘ ’ pounds ofthe invention are also useful as inhibitors ofhlood

coagulation such as during the preparation, storage and
fractionation of whole blood.

3 _ I ( I I . . . . .0 n The present compounds may also be useful in maintaining
0 whole and fractionated blood in the fluid phase such as

Oi NH 0 TFA required for analytical and biological testing. Examples
N/Y include, but are not limited to, ex vivo platelet and other cell

0 Function studies, bioanalytical procedures and quantitation
15 of blood-containing components.

0 In addition, the compounds of the present invention maybe useful to revent restenosis followin arterial in‘urv0 P 3 J .

J\ _ HNR‘R3 iiiduced by eiidogenous (rupture of an atlierosclerotic0 hH OH 4- . . . .

N/Y EDQ IIOBT plaque) or exogenous [invasive cardiological procedureDc-M so such as vessel wall injury resulting from angioplasty)
0 events.

The compounds of the present invention may also be used

ALL 0 R. as an anticoagulant in extracorpeal blood circuits, such as
O NH NI’ [L.~[’d(0l1L those necessary in dialysis and surgery (such as coronary

5;/fir ‘R3 35 artery bypass surgery).
0 In addition, the compounds of the present invention may

be useful for maintaining blood vessel patency in conjunc-

0 R, tion with vascular sgrger}; including bylpass grafItting,dartt';rial/ recons rue ion, a erec omy, vascu ar gra an s en

“LN _ N~..,,_ 9 4e patency, organ, tissue and cell implantation and transplan-
N R tation.

0 The compounds ol‘the present invention may be useful for
the treatment of hepai'in—intolerant patients, including those

J with congenital and acquired antithrombin III deficiencies,
45 heparin—indueed thromboeytopenia, and those with high

The compounds of the present invention, preferably lelfels 01 polymmphonudear gmnulhcyw hlaslase‘
where R1 and R" are other than hydrogen, are inhibitors of lthc compounds of lhc Prcschl lhvhhlloh ‘may 3150 hi:
the activated coagulation serine protease known as Factor “$31111 [UT lhh miihmchl ahdnlhr Ph"V°hh'5“h hf 1hflah_‘mah”Y
Xa and thus are useful for the treatment or prophylaxis of diseases and the treatrnent anchor prevention of septic shock
those processes which involve the production andfior action so and vascular damage due to bacterial aiid,r'or viral iiifcclions.

U1l_h3C1QT X1 1 1 _ _ The compounds of the present invention may also be
Th“ ha‘-"01 X3 3‘-'l1V1l)" W35 Chhhrmhd Uslhg lh"5 h3h0W1hg useful in the treatment andfor prevention of malignancies,

‘”5*‘5a}" ‘ _ , , , prevention of nictastases, treatinent andfor prevention of
A‘55“Y [Or TX“ I”h1h"§"3’ A"“""3' _ , , prothrombotic oomplications of cancer. and as an adjunct to

Human FXa or bovine FXa enzymatic activity was mea— 55 Chemotherapy‘

Surcd liialbuFErlCont:§FinglU‘é:ihé[0I?3Clb?j2'35MMIfighé Additionally the compounds of the invention may beY ‘ - ' ' ‘ . . .

mym 0 Y?’ Y we Ya.) ( . )’ ' ‘ useful for treating and,-’or preventing motor neuron diseases[pll 7.4) using 96-well microtiter plates. The enzyme was . . .
. . . . . such as amyotrophic lateral sclerosis, progressive muscular
incubated with the inhibitor at room temperature for three mm h and rimarv lamral vlcrmiq
minutes prior to starting the reaction with 100 ;iM 3-2222 TE y ]p _ " d‘ ‘fhl. ‘ I f h . .
[phenyl—Ile-Glu-Gly—Arg-pNA, i<,,,=i37 am). Time— 6” _ " "W" “".“P‘.’“.". ” “ .“.”“”,f’ ._ “ .‘." ‘""‘_“‘““““
dependent Optical density change was followed at 405 nm possess tryptase inhibition activity. lhis activity was con-
using a kinetic microplate reader (Molecular Devices hfm°d "Sine? cllhcr 15°1al°d human Sklh h'YPla5° 0‘ r°c0‘h'
U\/max) at room temperature. Enzyine activity in the pres- blhahl human lryplasc Pmparcd from ‘he’ hurhah fcchmbl‘
ence of inhibitor was expressed as fraction of a DMSO hiihl h*7l3'P“"h'Yl’l35e CXPT3-“ed h)’ hacl-lh""’"“-‘5 1h 1h-“Cl
conlfol and curve fit to the equation; ac-iivi1y=co111ro1 65 cells. The expressed beta—protryptase was purified using
activityf(l+I],i'IC5U] using Excel Fit. The l(“__,[, value is that sequential immobilized heparin afinity resin followed by an
concentration causing half-maximal inhibition. immunoallinity column using an anti-tryptase monoclonal

18 of 101 PENN Ex. 2225

CFAD V. UPENN

lPR20l5-01836



US 6,344,450 B1

35

antibody. The protryptase was activated by auto—eatalytic
removal of the N—terminal in the presence of dextran sulfate
followed by dipeptidyl peptidase I (DPPI) removal of the
two N-terminal amino acids to give the mature active
enzyme (Sakai et al, J. Clin. Invest., 97, pages 988—995,

36

drugs such as thrombin inhibitors, platelet aggregation
inhibitors such as clopidogrel, ticlopicline or CS—747,
warfarin, low molecular weight heparins, (such as
Lovenox), GPIIb blockers.r'GPIIIa blockers, PAI—l inhibitors

_ 1 1 1 1 5 such as XR-330 and T-686, inhibitors of (1-2-antiplasmin
_l996)' Lsstfnllally equlvalenl ICSPIIS war‘: Ubliuned “Slug such as anti-oi.-2-antiplasmin antibody and thromboxane
isolated native enzyme or the activated expressed en7.y_me. rcceplm am1.,g0ni_,_.1IS (Such as ifflmban)‘ proslacfilin

T111110 _ldfYP1lE'l]5°M°111'ZYm° hllifis malnlalnffljf 1”. _ mimeties, phosphodiesterase (PDl_£) inhibitors, such as dipy-
L .0” 3‘ H '"-Imp 0 mc'pmpdm"5’u mm Ti“ ’ P ,‘ .‘ ridamole or cilostazol, l’Dl:i inhibitors in combination with

Fhc assay procedure emploved a 96 well microplate. lo _ _ . _ _ _. - . . lo thrornboxane receptor antagoniststthromboxane A syn-

wch wall of mu mu’-wplalc (Num: Maxburp)’ 250 ‘"1 Of thetase inhibitors {such as icotamide) serotonin 7 rece tor
assay buffer [containing low molecular weight heparin and _ 1_1'1 ._l_ (_ _ k?l_ __ . ) ‘rb . 11_ ‘ _1_p1tris (hydroxymethy|)arninornethane] was added followed by ‘"1 d°0n.1‘‘’ 5 ml". at’ °.d.rm'n.n ’ 1 rmobm rbwp (Er
2.0 rrl of the test compound in dirnethylsulfoxide. The antagonists’ a5p‘r”_]' h_yp_0hl-ndcmlc agents (Such as HM?"
substrate (10,u.l) was then added to each well to give a final CPA rcfillctasc mh'_h'mrs fm_ ‘”””‘“_I’1° p1rav"'m"”'"=
Concentration of either 3-1;” 1flM hcn.1,1Uy]_m.g1'm'nc_p_ I5 simvastatin, atorvastatin, fluvastatin, cerivastatin, A12.-‘I-522,
nitroaniline [B/XPNA) or 100 ,ttM hcnZy'loXyCarhony]_ 11a\’asta11n (Nissan,=’1Kowa), compounds disclosed in US.
glycine—proline—arginine—p—nitroaniline (CB7.—Gly—Pro—Arg— I"'°V'-"‘-"""3_l 3I‘I‘l“33l'W‘5 NW 503111594 l'|lCd -lU1’1- 1-‘, 2000,
pNA). Similar data was obtained using either substrate. The and N0 Il0x’31'l.595 filcd -I1l1'1- '15. 2000. mlcmfiomal trig-
microplate was then shaken on a platform vortex mixer at a lyceride transport protein inhibitors such as disclosed in US.
settinag of 800 (Sarstedt TSP.—2). After a total of three an Pat. Nos. S.730,'l35, 5,713,279 and 5,760,246), antihyper—
minutes incubation, 'l01rtl of the working stock solution of tensive agents, (such as angiotensin converting enzyme
Iryptase (6.1 mtvl final tryptase concentration for use with inhibitors, for example, captopril, lisinopril or fosinopril,
BAPN/\ or 0.74 nM for use with CB7.-(Ely-Pro-Arg-pNA) angiotensin II receptor antagonists, for example, irbesartan,
was added to each well. The microplate was vortexed again losartan or valsartan, and /XCEXNEP inhibitors, for example
for one minute and then incubated without shaking at room 15 omapatrilat and gemopatrilat), [3-blockers (such as
temperature for an additional 2 minutes. After this time the propranolol, nadolol and carvedilol), PD}.-' inhibitors in
mieroplate was read on a mieroplate reader (Molecular combination with aspirin, ifetroban, picotamide, ketanserin
Devices UVi1iax) in the kinetic [node (4-U5 [l[Il wavelength) or clopidogrel and the like.
over twenty minutes at room temperature. To deten'nine the The compounds of the present invention may also be used
compound concentration that inhibited half of the enzyme so in combination with prothrombolytic agents, such as tissue
activity (ICSD), the fraction of control activity (FCA) was plasminogcn activator [natural or recombinant),
plotted as a function of the inhibitor concentration and curve streptokinase, reteplase, activase, lanoteplase, urokinase,
to fit FCAg’(l[I];'ICm). The ICSU for each compound was prourokinase, anisolated streptokinase plasminogcn activa-
delermined 24 times and the obtained values were aver— tor complex (ASPAC), animal salivary gland plasminogcn
aged. 35 activators, and the like. The compounds of the present

As a result of this tryptase activity, the compounds of invention may act in a synergistic fashion with one or more
formula I as well as a pharmaceutically acceptable salt of the above agents to prevent reocclusion following 21
thereof, are useful as anti-inflammatory agents particularly successful thrombolytic therapy andfor reduce the time to
in the treatment and,r'or prevention of chronic asthma and reperfllsion. The compounds of the present invention may
may also be useful in treating and/'or preventing allergic 4o also allow for reduced doses of the thrombolytic agent to be
rhinitis, inflammatory bowel disease, psoriasis, used and therefore minimize potential hemorrhagic side-
conjunctivitis. atopic dermatitis, rheumatoid arthritis, effects.
osteoarthritis, and other chronic inllammatoryjoint diseases, Compounds of the present invention are also useful in
or diseases of joint cartilage destruction. Additionally, these combination with anti-arrhythmic agents such as for atrial
compounds may be useful in treating or preventing myo— 45 fibrillation, for example, amiorlarone or dofetilide.
eardial infarction, stroke, angina and other consequences of The compounds of the present invention may also be used
atherosclerotic plaque rupture. Additionally, these eom— in combination with [3—adrenergic agonists such as albuterol,
pounds may be useful for treating or preventing diabetic terbutaline, fonrioterol, salmeterol, bitolterol, pilbuterol, or
retinopathy, tumor growth and other consequences of angio- fenoterol, as well as with anticholinergics such as ipratro-
genosis. Additionally, these compounds may be useful for so pium broniide, a1iti—i1ifla11I11iatory cortiocostereids such as
treating or preventing fibrotic conditions, for example, beclomethasone, triamcinolone, budesonide, fluticasone,
fibrosis, sclcrodcrma, pulmonary fibrosis, liver cirrhosis, flunisolide or dcxamcthasone, and anti—inflammatory agents
myocardial fibrosis, neurefibromas and hypertrophic sears. such as croinolyn, nedocromil, theophylline, zileuton,
Additionally these compounds may be useful for treating zafirlukast, monteleukast and pranleukast.
andyor preventing diseases involving angiogcncsis 55 The compounds of the invention can be administered
including, but not limited to, cancer. orally or parenterally such as subcutaneously or

"the compounds ofthe present invention may also inhibit intravenously, as well as by inhalation and nasal application,
other serine proteases, for example, thrombin, Factor Vlla, rectally, transdcrmally, or sublingiially to various mamma-
l'-‘actor Xla, urokinasc-type plasminogen activator lian species known to be subject to such maladies, e.g.,
[urokinase), andfor trypsin. As a result, these compounds are all humans, cats, dogs and the like in an elfective amount within
or may be useful as described above for inhibition of IiXa. the dosage range ofahout (Ll to about 100 mgfkg, preferably
Also as a result, these compounds may additionally be useful about 0.3 to about 50 mgfkg and more preferably about 0.5
as angiogenesis inhibitors in the treatment andtor prevention to about 25 rngkg (or from about 1 to about 2500 mg,
of cancer, and in the treatment andfor prevention of pancre- preferably from about 5 to about 2[tU(J mg) on a regimen in
atitis. 65 single or 2 to 4 divided daily doses.

The compounds of the present invention may also be used The active substance can be utilized in a composition such
in combination with other antithrombotic or anticoagulant as tablet, capsule, solution or suspension or in other type
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carrier materials such as trarisdcrmal devices, iontophoretic
devices, rectal suppositories, inhalant devices and the like.
The composition or carrier will contain about 5 to about 5[)[l
mg per unit of dosage of a compound or mixture of com-
pounds of formulas 1, 1A., 1B, 1C and II). They may be
compounded in conventional matter with a physiologically
acceptable vehicle or carrier, exeipierit, binder, preservative,
stabilizer, flavor, etc., as called for by accepted pharmaceu-
tical practice.

The following abbreviations are employed hercinbe-[ore
and in the Examples:

5

1U

38

KOH=potassium hydroxide

Na0lI=sodium hydroxide

I.i()II=lithium hydroxide

KZCO3 =}‘J()t.iiS5~‘al].l1'1'1 carbonate

NalICO3=sodium bicarbonate

DBU=1,8—diaz.abicyclo [5.4.U] uiidec—7—eiie

EDC (or EDCHC1) or EDCI (or E-D(“I.IIC1) or ED.r\(“=
3—cthyl—3'—(dimethy1amino)propyl—carhodiimide hydro-

chloride (or 1—(3—dimethylaminopropy1)—3—

ethylcarbodiimide hydrochloride)Ph= h 1

I) my '5 l-IOET or HOBT_I-l30='l —|iyclroxy|ienzotria2ole hydrate
Bn=ben:r_yl ' 1

I-l0AT=1—Hydroxy—7—azabenzotriazole
t—Rii=tertiary biityl 1 1 1 1

BOP reagerit=hen7.otna?.ol-1-yloxy-tris (dimethylamino)

Mwmslhyl pliosplioniuiii Iiexarluoropliospliate

El=°lhyl 3“ NaN{TMS}3=sodium hexamethyldisilazide or sodium bis
'IMS=trimcIhr1sI1y1 (trimcthylsilyhamide

TMSN3=”imclh)‘l5i1)‘1 *1/ai‘-l“ Ph.,P=tripherivlphosphine

TBS=tcrt-butyldimethylsilyl |)d(()AC}2=pa]]adium acctatc. 1 11 15
PMDC=fl"oreuylmelhoxlmdrbonyl (Ph3P),,Pd"=tetrakis triphenylphosphine palladium

R°c=tm'h”t°xymrh°ny1 DEAD=diettiyl azotticarboxylate

Cbz=carbobenir.yloxy or carhtihenmxy or benzylLixycar- DlAD=diiSUpmpv1 awdicarboxvlatcb l ' '
_ Ony 3“ Cbz—Cl=benzyl chloroformate
I'IIl-‘-tetrahydroliuran 1 _ _ _

L 0 d_ h 1 h (./\N=ceric ammonium nitrate'1. l l

h “ h 16 Y C Cr SAX=Strong Anion Exchanger
ex: exams SCX=Strong Cation Exchanger

E.tOAc=ethyl acetate 35

1 d1 11 1 1 1d Ar=argonDME= t e
ime y ormamt N2=ni1mgcn

MeOII=metliaIiol 1 1 1 ( )
min=minu e s

EtOl-I=ethanol
_ 1 4;; h or hr=hour(s)
i-Pr0II=is0propanol _

_ 1 L=liter

I)MS[)=dimethyl siilfoxide If _ll_l_1in -mi 1 ier

[)Ml_7=l.2 dimethoxyethane _ _
_1 1 _ 1uI .=m ieroliter

EDL or D(_.E=1,2 dichloroethane 45
. . . g=;2,ram(s)

HMPA=hexamethyl phosphoric triamide _ _
1 1 nig=milligram(s)

IIOAC or AcOII=acetie acid 1 1mo -mo es

Tl’A=trilluoroaeetic acid 1 _
_ _ __ 1 50 rnmol=n‘iillimole(.s)
1-Pr1NI;l=d11sopropylcthylamine _ _ _

_ " _ _ meq=milliequivalent
l;t3N=triethylamine

1 RT=room temperature
NMM=N—methyl morpholirie

_ 1 _ _ sat or sat’d=saturated
[)Mi’\P=4-dimethylaininopyridine

_ 1 55 aq.=aq ueous

NtIBH4=.‘:'UlltLl[I1 boroliydride TLC 1h_ 1 h 1 h= in aver c roma ogra y
l\laBI-I[0Ac)3=sodium triaeetoxyborohydride 1 " 1 1 P1

' l-lPl.C=high performance liquid chromatography
DIBAl_H=diis0butyl aluminum hydride _ 1 1 1

1 l.CfMS=high performance liquid chromatography/mass

I)(‘.M=4-(dicyanomethylene)-2-methyl-6-(4- 6” wficlrnmclrv
dimethylamino-styryl)-4lI-pyran "

_ _ _ 1 _ MS or Mass Spec=mass spectrometry
LlAlll4=l1Ih1UU1 aluminum l'tV(l[].(lC _

_ 1 _ ' NMR=nuclear magnetic resonance
n-BuLi=n-butyllithium _ _

1 1 65 mp=melting point
PLUC =palladlum on Carbon The tollowinu working lrlxwmples represent preferred5 ( .

PtO1=platinum oxide embodiments of the present invention.
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EXAMPLE 1

40

C

It 0 /‘N 5 ti fii’irr‘ /N)Ut1-
OW \l 6 D

A

 
compound in 40 ml. of dry THF was added dropwisc 72 ml.

(72 mmol, 2 eq) of a 1 M solution of lithium hexamethyl—
disilazide [I.HMDS) in THF over I h. After 10 min, a
solution ol‘ 4.4 ml. (40 mmol, 1.1 eq) of hromoethylacetate

in I0 ml. of dry Till’ was added dropwise over I0 min and
the resulting reaction mixture was stirred at RT for 17 h.The
reaction mixture was diluted with diethyl ether ([00 ml.)
and washed twice with 5% KHSO‘, (aq.), followed by
saturated Nall(.‘O3 and brine. The organic solution was dried

(MgS04) and concentrated to alIord 11.3 g (99%) of title
compound as a viscous yellow brown oil. 1H and 13C NMR
spectra were consistent with the desired product and indi-

cated the material was pure except for a small amount of
hcxamcthyldisilazane The material was used without Fur-
ther purification.

 
To a solution of 7.8 g (25 mmol, 1 eq) ofPart/\comp0und

in ll] It'll, of diethyl ether was added 5(ln1I.(5[l mmol, 2 eq)
of a 1 M solution of hydrochloric acid in diethyl ether. 'll'1e
reaction mixture was stirred at RT for 18 h. The resulting

heterogeneous reaction mixture was concentrated and the
oily residue was triturated with ether, dissolved in methanol
and concentrated to afford 5.] g(8l“o) of title compound as

a yellow solid. 1H and 13C NMR spectra were consistent
with the desired product.

21 of 101
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To a solution of 5.1 g(20mn1ol, 1 eq) of Part B compound
in 120 mL of dry THF was added 5.7 mL (41 mmol, 3 eq)
of trielhylamine and 3.9 mL (30 mmol, 1.5 eq) of
m-tolylisocyariate. The reaction mixture was stirred at RT
for 18 h. The reaction mixture was concentrated and the

residue dissolved in methanol. An insoluble impurity was
removed by filtration and the crude product was again
concentrated. Flash chromatography (SiO3] eluting with 9:1
(“.H2(“.l::ethyl acetate (Et0Ac) afforclecl 3.3 g (48%) of title
compound as a light brown solid. lll and 13C NMR spectra
were consistent with the desired product.

D
O O H.

HH Nlmn. 1 
0

« 0
To a solution of 2.3 g (7 mmol, 1 eq) of Part C compound

in 30 mL ofTHF and 30 mL of EIOH was added 8.3 mL(l7
mmol, 2.5 eq) of 2 M sodium hydroxide in water. The
reaction mixture was stirred at RT for 18 h. 'll'1e reaction

mixture was concentrated, the residue was dissolved in 20

mI.ol‘water and the pll was adjusted to 3 with 1 M I[Cl. The
resulting precipitate was collected by filtration, washed with
water (10 mL), washed with hexane (10 mL) and dried to
alford 1,7 g (82%) of title compound as a light yellow solid.
"H-1 and 'l3C NMR spectra were consistent with the desired
product.

N.
‘WC\

/
O

The title compound was prepared as part of an automated
solution phase run using a liquid handler (Hamilton Micro-
lal3® 2200) for reagent and starting material addition using
the following procedure.

To a 16 mmxltlll 1:nrn reaction tube was added via the

liquid handler 100 _uL (3.9 mg, 0.036 mmol, 1 eq) of a stock
solution of 4—[2—(methylamu10)ethyl]pyridine in THE, 300
pl. (7 mg, 0.057 mmol, 1.6 eq) of a stock solution of
diisopropylcarbodiimide in CH:,_Cl:._, 300 Ittl. (8 mg, 0.057
mmol, 1.6 eq} of a stock solution of 7—aza—1—hydroxy—
henzotriazole in DMF and 300gtl.(12 mg. 0.038 mmol, "L05
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ed) of a stock solution of Part D compound in CH2C2- The
tulae was removed and mixed on an orbital shaker for 72 h.

The product was purilied via solid phase extraction using
a Varian SCX cation exchange column (1 g of sorbent in 6
mL column, 0.3 meqfg) by the procedure outlined below:

1) Column conditioned with 2x75 ml. ol‘ Me(]II (10
mL..’min).

2) Reaction mixture (1 mL) loaded onto SCX column (3
mljmin).

3) Column rinsed with 20 mL of MeOH (6 mLr'min).
4) Column rinsed with 10 mLof[l.l N ammonia in Me(JIl

[6 Irilfniiti).

5) Product eluted with 8 ml. of 2 N ammonia in MeOH
into a tared l6><l0(J tube (6 mljmin).

The product solution was concentrated using a speed vac
for '14 h to afford '17 mg oftitle compound (109%) as an oil.
Reverse phase analytical IIPLC analysis indicated a purity
of 96%.

MS [eleetrospray]: mi’: 438 (M+H).

]:iXAMPl.l:'.S 2 T0 4

Following the procedure of Example 1, the following
compounds of the invention were prepared.

42
EXAMPLE 5

Chiral

o
H

>—x H o
x |11 N

U o

Exaniple 5 was prepared as part of an automated solution
phase run using a liquid handler (llamilton Mierolab®

'5 2200) for reagent and starting material addition using the
following procedure.

To at 16 mmxl0U 1:nrn reaction tube was added via the

liquid handler 10011:]. (0.057 mmol, 1.5 eq) of a stock
solution of 1,2,3,6—tetrahydropyridine in 'I‘Hl~', 300 ‘.‘.tL of a

an stock solution containing both ethyldimethylaminopropyl—
earlziodiimide hytlroehloride (0.057 mmol, 1.5 eq) and dim-
elhylarninopyridine (0.057 mmol, 1.5 eq) in Cl I/_\‘(_-:1: and 600
Jul. (0.038 mmol, 1.0 eq) of a stock solution of Example "I
Part D oompound in CH3Cl3. The tube was removed and
mixed on an orbital shaker for 72 h.

Example Mass Spec.
No. Stiueture nu’: (M + 11)‘

3 Chiral 424
O

H

>~N H 0N

11 / IN

N N /
O

3 (‘himl 4380
ll 2
N [I 0 N

N I[I \

N N

4 Chiral 479
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The product was purified via solid phase extraction using The product solution was concentrated using a speed vac
a Varian SCX cation exchange column ("I g of sorhenl in 6 for "[4 h to alford 14 mg of Example 5 compound (94%) as
ml. column, 0.3 meqfg) by the procedure outlined below. an oil. Reverse phase analytical IIPI_C.‘ analysis indicated 21

1) Column conditioned with ‘[5 of Mc0H (10 mumin). purity of 97%

2) Reaction mixture (1 ml .) was loaded onto SCX column 5
MS (eleeirospray): mi: 385 (M+Il).

(3 rr1L;‘niin) and effluent was collected into a lared 16
mmx'100 mm tube.

3) Column rinsed with 6 ml.of Me()II and collected into

l_".XAMl-’[.l_"S 6 'lU lU

tared tube (6 mljmin).
Following the procedure of Example 5. the following

cornpounds of lhe invention were prepared.

 

Exmnple Mass Spec.
No. Structure nu’: [M + II}'

6 Chiral ‘W3
0

II

yrs n 0N
11

'3' Chiral 399
0

11h H 0

H
x

Chiral 337
0

H

>—.\1 11 0N
H

9 [Thin] 437

L1
0 E

H

N
11  

1U
Chiral 37-‘
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EXAMPLE 11

 
A

O

Jkjlir.
Q

To a solution of

iiCt—C—C[I.3 BI‘

(55 g, 0.35 mol) in 400 mL of CHZCI: was added dropwise
a solution of pyrrolidine (25 g, 0.35 mol) and triethylamine
(42.4 g, (1.42 mol) in 1(1) ml, of (TH._.(.‘I2 at [P (T. under argon
over 5h. The reaction mixture was allowed to slowly warm
to room temperature with stirring for an additional 14 h. '1he
reaction mixture was washed with H20 (250 mL><3), 0.5 N
lICl (250 mL). saturated NaCl (300 n1L><3), and dried
(Na:S(),,) and concentrated. The resulting residue was puri-
fied by flash eolumn ehromatography (elute with 1% Me0H
in CI-IZCLE) to yield title compound (46.1 g, 68.(i‘:7tc) as
oil"-brown solid. Found: MII*: l9l.7.

To a solution of

O
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(8.0 g, 35.1 mmol) in 600 mL of THF was added dropwise
70.2 ml. ol‘ LIIMDS (1.0 M in TIII’) at room temperature
under argon over 3 h, followed by adding dropwise a
solution of Part B compound (7.4 g, 38.6 mmol) in 100 ml.
of TIII" over 2 h. The reaction mixture was stirred for an

additional 14 h at room temperature. The reaction mixture
was poured into 5% KHS04 (300 mL), and added ethylac—
etate (ACOEI) (300 mL). The organic layer was washed with
5% KIISO4 (300 mL), saturated NaIICO3 (300 mL><2), I130
(300 ml.x3), and dried (Na3S04) and concentrated to yield
title compound (11.1 g, 93.2%) as yellow oil. Found: M11‘:
340.].

'1-[Cl 0

 

To a solution oi" Part B compound (4.1 g, 12.1 mmol) in

100 mL of Cll2Cl2 was added 100 mL of IICI in Et20 (1.0
M) at room temperature. The mixture was stirred for 14 h.
The solvent was removed in vacuum and the resulting

residue was puri fied by ion-exchange resin column chroma-
tography (elute with 2% ammonia in MeOII) to yield title
compound (1.91 g, 66.0%) as yellow oil. Found: MH*:
240.2.

 
To a solution of Part C‘ compound (90.8 mg, 0.38 mmol)

in 3 ml. of CIIZCIZ was added a solution of m-tolyl-
isothiocyanate (51.5 mg, 0.345 mmol) in 2 mI.of CH2Cl2 at

room temperature. The reaction mixture was stirred for (15h

and concentrated in vacuum. The resulting residue was
purified by [lash column chromatography (eluted with 1%

Me0lI in ClI:Cl_3) to yield title Compound (130 mg, 97.0%)
as white solid. Found: MII+: 389.1.

EXAMPLES 12 TO '16

The following compounds of the invention were prepared
employing procedures described in Example ll.
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Structure
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rrl.«'z. (M 1- HF’
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—::untinued

ExampleN0 . 5 true! Lin:

J 6

Q

#0
0 N

N

[IN

,K“N 5;
[I

l:iXAMl’Ll:L 17

To "139 mg ol‘ polyvinylpyridine (9.0 rnrnolfg) was added
0400 mL of solution of Example 13, Part C compound in
dichloromelhane (0.158 rnrnol,-"mL) and 0.400 rrlL ol‘ solu-
tion of o-loluo_vl chloride in diclilnromelhane (0.1 73 nmuili

19

CN%)\:

26 ofllll

35

\«'1:iss Spec.
m.-‘Z [M 1- H}*

400

rnL). The mixture was shaken for 4 h. at room lcrnpcrature.
The reaction mixture was then added to 31.4 mg of ami-
nomethylpolystyrene (1 .0 mmol/g) and 0.200 m[.of dichlo-
romcthane. The mixture was shaken for 14 h at room

lernperalure. The reaction solution was collected and the
residue resins were washed with dichloromethane (0.400
mL). The combined reaction solutions were dried by speed
vacuum to yield title compound (17.1 mg, 69%). Found:
MlI+: 358.1.

EXAMPLES '18, 19

The following compounds were prepared employing the
procedure as described in Example 17.

 

Structure .\-lass Spec.

Chiral 374

O

()Jl\
430
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EXAMPLES 20 T0 57

This following compounds were prepared employing pro-
cedures as described in previous Examples.

I'Ix:am[:lc \«'l:iss Spec.

No. Smlulurc ma’: (M + H)’

3” Chiral 409

[I XNN

N

0 0
cl

3‘ C|1i|a| 4“-‘

 
32 - 443

C] C! Chnml

ha
“" Chiral 40

(.*n_-.

CH} 
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1'Ix:am[:]c \«'l:iss Spec.

No. Structure 111.-'2. (M 1- HF’

34 425

25 37?

F

3" (‘him 437

0 0
Br

37' (.‘h1'ra| 409

0>JQ<':iN
<1” 0
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1'Ix:am[:]c \«'l:iss Spec.

No. Structure 111.-'2. (M 1- HF’

I.) Clliml 405

II_\C"0

Car

3.: Ch.-m] 40.:
[1 }(:

0 I\'—<
""I[ S

5%N0

34 (‘hiral 433
CH,

0 i 7
N}

N N N/Sr\“/[1 0

Cl

Chiml 443

S

O N NJH
[I

0 C]

O
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\«'l:iss Spec.

Structure 1'n.»'z. (M 1- HF’

C|1ir.'11 4”“

 N
Chiral 439

0

JV! ll1 \ 3
N

O
N

/CH_\K‘ 0

Chiml 501

I

Chiral 431
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\«'1:iss Spec.
m.-'2 (M 1- HF’

454

420

454
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No. Structure 111.-'2. (M 1- HF’

49 (.Tl|i1'iI| 450

S

11J\O N N N

3 0 N03
N

0

150/

50 Ch iml _T7(i

n \

415

53 419 
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1".xa mplc Mass Spec.
No. Structure m.-‘Z (M + H)’

5-4 48]

 )
0

T 0S H

55 4-3?‘

Br

56 38?

 
4-1?

53 4-39
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—continued

Fxa mpleNo . S lruct urc

5.‘)

O

O
[I II
N .\

NW NH,
O 0 'T'F.v"\

A

O
H

O N O

X \n/ N/vujrU U

To a solution of

0
H

O N

X Y N”0

(16.77 g, 73.6 mmol, 1.0 eq) in T111’-' (400 ml.) under a
nitrogen atmosphere at —78° C. was added LiHMDS (1.0 M
in THF, 150 mL, 150 mmol, 2.04 eq) dropwise via an
addition funnel over 10 minutes. The resulting mixture was
stirred for an additional 10 minutes at —78° (7., warmed to

room temperature and stirred at room temperature [or 1 hour.
The reaction mixture was then cooled to -78° (.'. and phenyl
2-bromoacetate (14 mL, 88.3 mmol, 1.2 eq) was added. The
reaction mixture was warmed to room temperature and
stirred for 18 hours. IN KIISO4 was added until the pll
remained neutral. NaCl (--5 g) was added to the resulting
bi—phasie solution. After the layers were mixed and allowed
to separate, the 11pper'[”H1~' layer was removed and set aside

and the aqueous layer was extracted once with !:'t0Ae. The
combined THF and EIOAC extracts were dried over MgSO‘,,
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n1.-‘Z (M 1- H}*
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filtered and concentrated. Ptlrification by silica gel chroma

tegraphy provided 21 g of title compound (75.7%). MS: mfz
39‘) (M+Na)+.

A solution of Part A compound (7.0 g, 18.59 mmol, 1.0

eq) in 4 M IICI in dioxane (25 ml.) was stirred at room
temperature for 1.5 hours. SolvenLs were removed and the

residue was reconstituted in CH3Cl3fEt3O to give 6.0 g of an
oll‘-while precipitate. Re-crystallization from CII3Clr_.t'l.-'t3()
allbrded 5.14 g (88%)ot‘ title compound as a while solid.
MS: mi: 277 (M+H)".

C

C“oT.&,.f..eo
A solution oi" Part B compound (2.7 g, 8.03 mmol, 1 eq),

EDC (1.98 g, 10.3 mmol, 1.2 eq), HOBT (1.40 g, 10.35

mmol, [.2 eq) in Cll2C1: [100 ml.) at 0° (3. was treated with
Pr2NEt (6.0 ml., 34.5 mmol, 4 eq). The reaction mixture was

brought to room temperature and 4-biphenylcarhoxylic acid
(2.05 g, 10.35 mmol, 1.2 eq) was added. The reaction
mixture was stirred at room temperature for 3 hours. The

reaction mixture was then diluted with CII¢_C1:, washed with
5% NaHC()3, dried over MgSO,,. filtered and mncentratetl.

Purification by silica gel chromatography gave 2.16 g (55%)
of title compound as a white foam. MS: m.='z 479 (M+Na)*.
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D

O
H
N OII.

O 0

To a solution of Part C compound (4.5 g, 9.86 m mo], 'l.0
eq) in THF [200 mL) at RT was added 10% [WC (3 g)
followed by bubbling of II: through the solution for 1 hour.
The reaction was then stirred under H: for 4 hours. 'l'l1t.:
reaction mixture was filtered through a pad of celitc and the
pad was rinsed twice with 'l'II1-‘ (2><25 mL). Solvent was
removed to provide 3.62 g (100%) of title compound as a
white solid. MS: mix 367 (M+ll)*.

O
H H
N N

U 0

Part E compound was prepared as part ol‘ a semi-
automated parallel library.

To a 16>-c100 mm reaction tube was added Part D com-

pound (30 mg, 0.082 mmol, l.0 eq). polystyrene-li|)(f
(Advanced Chenitech catalog #SP3005, 100 mg, 0.8 mmolr
g, 0.08 mmol, 0.98 eq), iPr:NEt (0.05 mL, 0.29 mmol, 3.5
eq) and amine

|\'HB(J( .‘
ll.a.\'

[14 mg, 0.063 mmol, 0.77 eq] in DMF (0.6 mL) and DCE

['1 .0 ml.), and was shaken for 3 days. Additional

polystyrene—]:'D(.' (50 mg, 0.8 mmolfg, 0.04 mmol, 0.49 cq)
and DCE (0.5 ml.) were added and the reaction mixture was
shaken for an additional 24 hours. To the reaction mixture

was added Polystyrene-Trisamine (Argottnaut Tech, 50 mg,
6.8 rnmolfg, 0.34 mmol, 4.15 eq) as a scavenger resin and
the reaction mixture was shaken for 24 hours. The reaction

mixture was liltered and the eluent was concentrated using
a speed vac. Purilication by reverse phase preparative Ill-’I.(.‘
[Shimadzu VP—()[)S, flow rate 20 m[.,t’min) followed by
concentration using a .-speed vac gave analytically pure title
compound. MS: mfz 593 (M+Na)+.
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0
II ItN 5'

NW :~tHg.
0 O °TFA

For compounds from the above semi-automated parallel
library having B{)C protecting groups, deprotection was
carried out using the following procedure.

Part E compound was taken up in 10% TEA in DCE (5
ml.) and let set for 2 hours. Concentration using a speed vac
then alIorded 4.8 mg (10% from Part D compound) of title
compound. MS: mix 471 (M+lI)+.

Nll*BOC.

EXAMPI .13 61

A

0
H H
N N

't't-‘rt-Hgtst \|'(\N0 0

O
H

O lIC'bz.

X \l_f\N0

The title compound is a known compound as disclosed in
Skiles, J. W. et al, Bioorg. Med. Chem. Lett. 1993, 3, 773.

NH 3.
l.ioc[lN

The title compound is a known compound as disclosed in
Collins, J. I.. et al. J. Med. Chem. "1998, 41, 2858.
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(:

Hffhx.HO

\H/\“[J

TFA (20 mL) was slowly added to a solution of Pan A
compound (8.64 g. 22.95 mmol) in (fll:(fl3 (30 ml.) at 0°C.
The reaction mixture was then stirred at room temp. After 24
h the solution was concentrated. The residue was dissolved

in Cll(Tl3 (50 ml.) and the solution was concentrated. This
was repeated 2 more times. A portion of the crude product
was purified by silica gel chromatography giving 2.90 g of
title compound.

7.:
=

BoelIl\'

l:.DA(.'—HL.‘l (1.74 g, 9.05 mmol) was added to a stirred
solution of Part B compound (2.01 g, 9.05 mmol), Part C
compound (2.90 g, 9.05 mmol) and IIOBI (1.22 g, 9.05
mmol) in Cllzfilg (35 ml.) at 0° C. NMM (1.04 ml., 9.50
mmol) was added and the reaction mixture was stirred at
room temp. After 24 h the solution was diluted with Cll2Cl.__
(100 mL) and washed with 5% KHSO4 (50 mL), sat.
NallC()3 (50 ml.). and sat Na(Tl (50 ml.). The solution was
dried (MgSO4) and concentrated. The crude product was
purified by silica gel chromatography to afford 3.60 g (78%)
of title compound.

7.: 2
2E

Boel-ll\'

20% l-’d[[)ll),: (0.34 g) was added to a stirred solution 0|"
Part D compound (3.39 g, 6.65 mmol) in MeOH (25 ml.). A
ll: atmosphere was introduced via balloon. After 24 h the
solution was liltered and the filtrate was concentrated to give
244 g (94%) of title compound,

F

0
H H
N N .

TFA'll3N Y\N0 0
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To a reaction tube was added via liquid handler 320 pl.
(10.8 mg, 0.048 mmol) of a 0.15 M stock solution of

[10

in DMF. 0.30 ml.ol a DCE solution containing l:'.[](.‘ (10.5
mg, 0.055 mmol) and DMAP (6.7 mg, 0.055 mmol) was

added manually via syringe. 0.30 ml. of a DC]; solution
containing Part E compound (18.8 mg, 0.050 mmol) was
added via the liquid handler. The reaction tube was mixed on
an orbital shaker for 12 h. The reaction mixture was then

drained through a SCX cation exchange column (0.30 g of
absorbent) which was preconditioned with MeOll (0.30 ml.)
into a 2.5 ml. microtnbc_ The column was rinsed with

CHZCI2 (0.3 ml.) and Me()H (0.40 ml.). Tilt: organic solu-
tion containing intermediate [(1)

was concentrated by speed vac.

DCE (0.60 ml.) was added to the 2.5 ml. microrube
containing the above intermediate 14(1). Upon dissolution
TFA (0.30 ml.) was added via syringe. The microtube was

sealed and shaken using a mini—vortexer. After 3 h the
solution was concentrated by speed vac. The prodtlct was
dissolved in Me{)]-l (1.0 ml.) and purilicd via solid phase
extraction using a SCX cation exchange column (0.30 g of
absorbent) which was preconditioned with McOll (0.30

ml.). The column was washed with Me()ll (2xl.5 ml.) to
remove impurities. The product was then eluted off the
column using 2.0 fl N} l_., in MeUll (1.5 ml.). The eluanl was
then concentrated by speed vac. The crude product was
further purified by PREP IIPLC (Shimadzu VP-ODS 20x50
mm column) using a gradient of 0 to 100% Solvent B over
5 min and a How rate of 20 ml _.,’min. 6.73 mg (23%) of title
compound was obtained. Mass spec (M+l-l)"=calc’d=490,
found=499.

NOTE—20 of the 72 compounds were purified hy PREP
HPLC. The rest of the compounds were pure enough to be
submitted directly as the free amines.
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EXAMPLE 62

76

O
H II

N N NH1-TFA
‘AlfO ()

Solution A: To a solution of Example 60 Part D compound
[240 mg, [1655 mmol) in dichloroethane (15 ml) was added
DMAP (199 mg, 1.63 mmol) followed by LEDC (251 mg,
1,31 mmol). Dichloroethane was added to bring the total
volume to 18 ml. This reaction mixture was stirred at room

temperature for 2 hours.
To a l6>(lUU mm reaction tube containing N-TiOC'-l,5-

diaminopentane [33 mg, (L154 mmol) was added Solution A
(2 ml, 0.073 mmol of lixample 60 Part D compound). The
reaction tube was capped and warmed to 40° C. for 20 hours.
The reaction was cooled to room temperature and was then
parsscd through an SCX cartridge (CUBCXI 2M6). The SCX

I5
cartiidge was washed with methanol (8 ml) and the eluent
was collected. Solvents were removed using a speed vac and
the resulting residue was taken up in 30% 'l‘l-‘Af
dichloroethane (2 ml). After agitating the 'l‘l-‘AI
dichloroethane solution for 2 hours at room temperature,
solvents were removed using 21 speed vac to afford 19 mg
(46%) of title compound. MS: mfz 451.21 (M+H)*.

EXAMPLES 63 'IU 167

The following compounds were prepared employing pro-
cedures as described in previous Examples.
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What is claimed is:

'1. A compound having the formula 15 X [5 R4_j_|-_T U]. RI_§)aT
O 1.11

II / R;N N _

x/ 5] K‘ R3 Y is 0 or S and R'1is IN? , R ‘O? or R3
30 Rd0

R3 is selected from alkyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, eycloalkyl,

35 cyeloalkylalkyl, polycycloalkyl, polycycloalkylalkyl,
cyeloalkcnyl, cycloheteroalkyl. cycloalkenylalkyl,
polyeycloalkenyl, or polyeycloalkenylalkyl; all option-

or pharmaeeutieally acceptable salts thereof or all stereoi—
somers lhcrtzof,

wherein R1 and R3 are the same or different and are

independently selected from hydrogen, alkyl, alkcnyl,
alkynyl. aryl. aminoalkylaryl, aminocyelualkylalkyl.
aminoalkyl, aminoalkylcyeloalkyl, hcteroaryl,
arylalkyl, heteroarylalkyl, cycloalkyl, eycloalkylalkyl,
polycycloalkyl. polyeycloalkylalkyl, eyeloalkcnyl.
cycloheteroalkyl, cycloztlkenylalkyl, polyeycloalkenyl,
or polyeyeloalkenylalkyl, or R‘ and R2 can be taken
with the nitrogen to which they are attached to form a
cycloheteroalkyl ring; all optionally sulmstituted
through available carbon atoms with 1, 2, 3 or 4 groups
selected from hydrogen, halo, alkyl, haloalkyl, alkoxy,
haloalkoxy, alkenyl, alkynyl, eycloalkyl,
eyelualkylalkyl, cyclolreterualkyl,
eyeloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
arylcycloalkyl, arylalkcnyl, arylalkyny], aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heteroarylalkyl,
heteroarylalkenyl, hctcroaryloxy, hyrlroxy, nitro,
Cyano, amino, substituted amino, alkylamino,
dialkylamino, thiol, alkylthio, arylthio, hetcroarylthio,
aryllhioalkyl, aminoalkyl,
alkyloxycarhonylaminoalkyl, arylalky]nxyr.'arhnnyl-
arninoalkyl, alkylcarhonyl, arylcarbonyl,
arylaminoearhonyl, aminoearbonyl,
alkynylaminocarbonyl, alkylaminoearhonyl.
alkenylaminocarbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylearbonylamino,
arylcarbonylamino, arylsulfinyl, arylsulllnylalkyl,
arylsulfonyl, alkylsulfonyl, arylsulfonylamino,
heteroarylearhonylamino, heteroarylsulfinyl,
heteroarylthio, heteroarylsulfonyl, or alkylsulfinyl;
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R5 and R5 are the same or dilIerent and are independently

ally substituted through available carbon atoms with 1,
2, 3 or 4 groups selected from h_vdrogt:n, halo, alkyl,
haloalkyl, alkoxy, haloalkoxy, alkenyl, alkynyl,
eyeloalkyl, eycloalkylalkyl, eyeloheteroalkyl,
cyelohclcroalkylalkyl. aryl, hctcroaryl. arylalkyl,
aryleycloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkuxy, arylazo. heteroaryloxu,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino,
alkylatninu, Llialkylanliuo, thiul. alkyllhiu, arylthio,
heteroarylthio, arylthioalkyl, alkylcarbonyl,
arylcarbonyl, arylaminocarbonyl, alkoxycarbonyl,
aminoearbonyl, alkynylaminoearhonyl,
alkylaminoearbonyl, alkenylantinocarbonyl,
alkylcarbonyloxy, arylcarbonyloxy,
alkylcarlaonylamino, arylcarhorlylamino, arylsulfiny,
arylsulfinylalkyl, arylsulfonyl, alkylsulfonyl,
arylsllllhnylaminrm, heteroarylcarhonylamino,
hctcroarylsulfinyl, hcteroarylthio, heteroarylsulfony ,
or alk)'lsulIi1'1yl;

selected from alkyl, alkcnyl, alkynyl, aryl, hctcroary ,
arylalkyl, heleroarylalkyl, eyeloalkyl, eyeloalkylalkyu,
polycycloalkyl, polycycloalkylalkyl, cycloalkenyl,
cycloheleroalkyl, cycloalkcnylalkyl, polycycloalkcny ,
polycyeloalkenylalkyl, arylcarbonyl, alkylearbony-,
alkoxycarbonyl, aryloxycarbonyl. arylsltlfonyl, or
alkylsulfonyl, or R5 and R“ can be taken with the
nitrogen to which they are attached to form a cyclo-
hctcroalkyl ring; all optionally substituted througi
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available carbon atoms with 1, 2, 3 or 4 groups selected
from hydrogen, halo, alkyl, haloalkyl, alkoxy,
haloalkoxy, alkenyl, alkynyl, cyeloalkyl,
cveloalkylalkyl, eycloheteroalkyl,
eyeloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
arylcycloalkyl, arylalkenyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted arnino,
alliylamino, dialliylamino, thiol, alkylthio, arylthio,
heteroarylthio, arylthioalkyl, alkylearhonyl,
arylcarbonyl, arylarninoearbonyl, alkoxycarbonyl,
aminoearbonyl, alkynvlaminoearbonyl,
alkylaminoearbonyl, alkenylaminoearbonyl,
alkylcarbonyloxy, arylcarhonyloxy,
alkylcarhonylamino, arylcarbonylamino, arylsullinyl,
arylsulfinylalkyl, arylsulfonyl, alkylsulfonyl,
arylsulfonylamino, Iieteroarylearbonylamino,
heteroarylsullinyl, heteroarylthio, heteroarylsullonyl,
or alkylsulfinyl;

R7 and R" are the same or different and are independently
selected from alkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalliyl, eyeloalkyl. cyeloalkylalkyl,
polyeycloalkyl, polycyeloalkylalkyl, cyeloalkenyl,
cycloheteroalkyl, cycloalkenylalkyl, polyeycloalkenyl,
polycyeloalkenylalkyl, all optionally substituted
through available carbon atoms with 1, 2, 3 or 4 groups
selected from liydrogen, halo, alkyl, haloalkyl, alkoxy,
haloalkoxy, alkenyl. alkynyl, cycloalkyl.
eveloalkylalkyl, eycloheteroalkyl,
eyeloheteroalkylalkyl, aryl, lleteroaryl, arylalkyl,
aryleyeloalkyl, arylalkenyl, arvlalkvnyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heteroaryloxo,
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino,
alkylamino, clialkylamino, thiol, alkylthio, arylthio,
heteroarylthio, arylthioalkyl, alkylcarbonyl,
arylcarbonyl, arylarninocarbonyl, alkoxyearbonyl,
aminncarbonyl, alkynylaminocarhonyl,
alkylarninoearbonyl, alkenylaminoearbonyl,
alkylcarbonyloxy, arylearbonyloxy,
alkylcarb-on_vlamino, arylcarbonylamino, arylsullinyl,
arylsulfirtylalkyl, arylsulfonyl, alkylsulfonyl,
arylsullionylamino, heteroarylearbonylamino,
heteroarylsulfinyl, heteroarylthio, heteroarylsulfonyl,
or alkylsulfinyl;

with the proviso that where

R5
\

x is !N—c— or R”—c—
II IIv v

and (I) R1 and R3 are independently cyeloalkyl, alkenyl,
phenyl, benzyl, eyanoalkyl, alkoxycarlionylalkyl, or phcnyl
mono— or disulastituted with lower alkyl, cyano, hydroxy,
dialkylamino, alkoxy, henzyloxy, alkylamino,
alkoxyearbonyl, pyrrolidino, morpholino, halogen, alkyl
substituted with one or more fluorines, then Y is S;

(2) where R1 and R3 are alkyl. then Y is S; and

(3) where one of R1 and R3 is alkyl and Y is 0, then the
other is alkynyl, heteroaryl, heteroarylalkyl,
cyeloalkenyl, eycloheteroalkyl, heteroaryloxy,
cycloalkertylalkyl, polyeyclriallienyl, polycj-'eloall<eny—
lalkyl or R’ and R: can be taken with the nitrogen to
which they are attached to form a eyeloheteroalkyl
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ring, all optionally substituted through available carbon
atoms with 1, 2, 3 or 4 substituents as defined for l{'
and R3.

2. The compound as defined in claim 1 having the formula

D l[1 /RR-‘ N N

N/Y '‘‘\R-_,_I
0

3. The compound as dellried in claim '1 having the formula

0

R1‘ _ H /R‘
,N 3 NR ‘

R6 \H/ _\_/Y R“.Y O

4. The compound as defined in claim 1 having the formula

0 1- n R
R *0 N:

\n/ N/Xfl/ R2-v o

5. The compound as delined in claim 1 having the formula

0 lH R
R“ N N:
\H/ N/Y R2-Y 0

6. The oonipourid as Llefiiled in claim 1 wlierein

x is R"—c—

Y

and Y is S.

7. The oompound as defined in claim 3 wherein Y is S.

8. The compound as delined in claim 3 wherein RL and R3
together with the nitrogen to which they are attached form

a cycltllleteroalkyl ring, Y is 3, one of R5 and R!’ is liydrogen
and the other of R5 and R” is aryl, alkylaryl or alkoxyaryl.

9. The oompound as defined in claim 8 wherein RL and 1417'
together with the nitrogen to which they are attached form

a pyrrolidinyl ring,'Y is S, one ofR5 and R° is hydrogen and
the other of R5 and RE’ is phenyl, 3-methylphenyl,
3-metlioxyplienyl, 4-cyanophenyl, 3-l'luorophenyl,
3—ehlorophenyl, 4—ehlorophenyl, 4—methoxyphenyl,

3—ehloro—4—methylpheI1yl, 3 ,5 —dichlorophenyl,
3—iodophenyl, 3,5—dimeth3rlpher1j.rl or naphthyl.

10. The compound as detlned in claim 1 having the
structure
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H 12. The compound as defined in claim 1 wherein at leasl
H one o1‘R' and R: is olher lhan hydrogen.

13. The compound as defined in claim q wherein Y is 0.

an 14. The compound as defined in claim 5 wherein Y is 0.

15. The compound as defined in claim 5 wherein at one of

R‘ and R2 is hydrogen and Y is O.

16. The compound as defined in claim 5 wherein one of

R1 and R2 is hydrogen and the other is aminoalkylaryl or
aminocycloalkylalkyl.

35

17. The compound as defined in claim 16 wherein one of
4:; R‘ and R3 is

4; :: N113, >3 \'I 1.3,
CH,

5U

55

H u\\\HNH2. ' NHL-
CI

at:

Y is U.

18. The Compolind as defined in claim 1 having theslruclu re
65
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19. The compound as defined in claim I having lhe
structure
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20. The compound as defined in claim 1 having the _C0m{nu¢d
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wherein R1 and R3 are the same or different and are

independently selected from hydrogen, alkynyl,
heteroaryl, aminoalkylaryl, aminocycloalkylalkyl,
aminoalkyl, aminoalkylcycloalkyl, heleroarylalkyl,
cycloalkenyl, cycloheteroalkyl, heteroaryloxy,
cycloalkenylalkyl, polycycloalkenyl,
polycycloalkenylalkyl, or R1 and R2 can be taken with
the nitrogen to which they are attached to form a
cycloheleroalkyl ring; all optionally substituted
through available carbon atoms with 1, 2, 3 or4 groups
selected from hydrogen, halo, alkyl, ltaloalkyl, alkoxy,
haloalkoxy, alkenyl, alkynyl, cyeloalkyl,
eycloalkylalkyl, eycloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
arylcycloalkyl, arylalk.enyl, arylalkynyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylazo, heleroaryloxo,
heteroarylalkyl, hetcroarylalkenyl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino,
alkylamino, dialkylatnino, thiol, alkyllhio, aryllhio,
heleroarylthio, arylthioalkyl, aminoalkyl,
alkyloxycarbnnylaminoalkyl,
arylalkyloxycarbonylaminoalkyl, alkylcarhonyl,
arylcarbonyl, arylaminocarbonyl, alkoxycarbonyl,
aminocarbonyl, alkynylaminocarbonyl,
alkylaminoearbonyl, alkenylaminocarbonyl,
alkylcarbonyloxy, arylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino, arylsullinyl,
arylsulfinylalkyl, arylsulfonyl, alkylsulfonyl,
arylsulfoiiylatnino, hetcroarylcarbouylatuino,
heteroarylsullinyl. heteroarylthio, heteroarylsulfonyl.
alkylsulfinyl; or a pharmaceutically acceptable salt
thereof, with the proviso that at least otie of R' and R:
is other than hydrogen.

2.2. The compound as defined in claim 21 having the
formula

Ham, 

101uf1l]l

5

1U

I5

30

35

4U

200

23. A pharmaceutical composition comprising a com-
pound as defined in claim '1 and a pharmaceulically accept-
able carrier therefor.

24. A method for treating cardiovascular diseases associ-
ated with thrornboses, which comprises administering to a
mammalian species in need of treatment a therapeutically
etfective amount of a compound as defined in claim 1.

25. A method for treating thromboses, coronary artery
disease or cerebrovaseular disease, associated with throm-

bosis which comprises administering to a mammalian spe-
cies in need of treatment a therapeutically effective amount
of a compound as defined in claim 1.

26. A method for treating inflammation, asthma, or aller-
gic rhinitis which comprises administering to a mammalian
species in need of treatment a therapeutically etfective
amount of a compound as defined in claim 1.

27. A method for treating asthma in a mammalian species
comprising administering to a mammalian species in need of
treatment a therapeutically elifeclive amount of a compound
as defined in claim 1.

28. The method as defined in claim 25 wherein the

cardiovascular diseases are atherosclerotic plaques, venous
or arterial thrombosis, coagulation syndromes, ischemia and
angina (stable and unstable), deep vein thrombosis (DVT),
disseminated intravascular coagulopathy, Kasabach-Merritt
syndrome, pulmonary embolism, myocardial infarction,
cerebral infarction, cerebral thrombosis, atrial fibrillation,
cerebral embolism. thrombocmbolic complications of
surgery, peripheral arterial occlusion, or restenosis following
arterial injury induced by endogenous or exogenous events.

29. A method for treating inflammatory bowel disease,
psoriasis, conjunctivitis, alopic dermatitis, rheumatoid
arthritis, osteoarthritis, chronic inflammatory joint disease,
diseases ofjoint cartilage destruction, allergic rhinitis myo-
cardial infarction, stroke, angina, treating or preventing
diabetic retinopathy, fibrosis, seleroderma, pulmonary
fibrosis, liver cirrhosis, myocardial fibrosis, neurofibromas
and hypetrophic scars, which comprises administering to a
mammalian species in need of treatment a therapeutically
elI'ective amount of a compound as defined in claim 1.
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