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1

Cyelic Oxyguanidine Pyrazinones as Protease Inhibitors

Background of the Invention
Field of the invention

The present invention telates 1o novel compounds that function as proteolytic

enzyme inhibitors, and particularly to 2 new class of thrombin inhibitors.
Related Art

Proteascs are enzymes lhat cleave proteins at single, specific peptide bonds.
Proteases can be classified into four generic ¢lasses: serine, thiol or cysteinyl, acid
or aspartyl, and metalloproteases (Cuypets ef al., J. Biol. Chem. 2577086 (1982)).
Proteases arc essential to a variety of biclogical activities, such as digestion,
formation and dissolution of bloed clots, repreduction and ihnla e reaction to
foreign cells and organisms, Aberrant proteclysis is associated with a number of
disease states in man aud other mammals. The human neutrophil proteases, elastase
and cathepsin G, have been implicated as contributing to discese states macked by
tissue destruction. These diseass states include emphysema, rhevmatoid arthritis,
comeal wleers and glomernlar nephritis. {Barret, in Enzyme Inkibitors as Drugs,
Sandier, ed., University Park Press. Baltimore, (19800, Additional proteases such
ag plasmoin, C-1 cstorase, C-3 convertuse, urokinase, plasminogen activator, acrosin,
and kallikreins play key roles in normal biological funetiens of meammals. In many
instanves, it is beneficial to distupt the function of one or more proteolytic enzymaes
in the course of therapeutically treating a mammel.

Serine proteases include such crzymes as elastase {human leukocyte),
cathepsin G, plasmin, C-] esterase, C-3 convertase, urokinuse, plasminogen
activator, acrosin, chymatrypsin, trypsin, thrombin, factor Xa and kallikrsins.

Human leukocyte elastase is releazed by polymorphonuclear leukocytes at
sites of inflammation and thus is a contributing cause for a number of discasc states.

Cathepsin G is another human neutrophil serine protease. Compounds with the

JP 2004-504305 A 2004.2.12
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ability to inhibit the actvity of these enzymes are expected to have an anfi-
inflammatory effect useful in the treatment of gout, theurnatoid arthritis and other

inflammalory diseases, and in the freatment of emphysema. Chymetrypsin and

trypsin arc digestive enzymes. Infibitors of these enzymes are usefal in treating

pancreatitis. Inhibitors of urokinase and plasminogen activator are Wseful i roating

excessive cell growth disease states, such as benign prostatic hyperirophy, prostatic

carcinoma and psorasis,

The serine protease thrombin occupies & centraf role in hemeostasis and
thrombosis, and as a multifactorial protein, induces & nuinber of effecta on platelets,
endothelisl cells, smooth muscle cells, leukocytes, tiw heart, and neurons.
Activation of the coagulation cascade through either the intrinsic pathway (contact
activation) or the extrinsic pathway (activation by exposure ef plasma 1o 2 nof-
endotheliul surface, damage Lo vessel walls ar tissue factor release) leads to a series
of biochemical events that converge on throinbin, Thrombin cleaves fibrinogen
ultimately leading to a hemostatic phig {clot formation), pbtcn[ly activates platelets
through 2 unigue proteolytic cleavage of the cell surface thrombin receptor
{Coughlin, Seminars in Hemaiology 31{4):270-277 (1994)), and autoamplifies its
own production through a [eedback mechanisny  Thus, inhibitors of thrombin
function have therapeutic petential in a bhost of cardiovascular und non-
cardiovasoular diseases.

Factor Xa is another serine proteass In the coagulation pathway. Pactor X
ussociales with factor Va and caleinm on a phesphelipid membraﬁe theteby forming,
a prothrombinase complex.  This prothrombinase complex then converts
prothrombin to thrombin (Clacson, Blood Coagulation and Fibrinolysis 5:411-436
(1994}, Harker, Blood Coaguiation and Fibrinolysis 5 (Suppt 1):547-558 (1994)).
Illhibitors of factor Xa are thought to offer an advantage over agents that directly
inhibit thrombin stoee direct thrombin inhibitors stll permit significant new
thrombin generation (Lefkovils and Topol, Cireularion 99(3.1522-1536 (1994,
Warker, Blood Coaguletion and Fibrinolysis 3 (Swppl 15:347-558 (19%4)).

I vive diagnostic imaging methods for intravascuiar thrombi have been

previously reported. “Thesc imaging methods use compounds that are detectably

JP 2004-504305 A 2004.2.12
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labeled with radioactive or paramagnetic atoms. For example, platelets labeled with
the gamma emitter, In-111, can be employed as en imaging agent for defecting
thrombi (Thakur, M. L. et al., Zheond Res. 9:343 {1976}, Pawers et al., Nenrology
32:938 (1952)). The thrombolytic enzyme streptokinase labeled with Te-99m has
been proposed as an imaging agent (Wong, 118, Patent Mo. 4,418,052 (1983)). The
fibrin-hinding domains of Stephylococrus aureus detived protein A labelcd with the
gamma emisters, I- 125 and [-131, have been proposed s imaging agents (Pang, U.S.
Patent Na. 5,011,686 (1$91)). Monoclanal antibodics having spaeificity for fibrin
(in contrast io fibrinoger) and labeied with Te-99m have heen gropuécd a8 imaging
agents (Berger et al., U.S. Patent Mo. 3,024,820 (1921}, Dean er 2l., T.5. Pat. Mo,
4,980,148 {1090%). The use of the paramagnetic contragting agent, -gadolinium
diethylenetriaininepentagcetic scidin magnetic resonance imaging of patients treated
by thrombolysis for acute myocardial infarction has been reported {Die Roos, A, &
al., Int. J. Cord, Imaging 7:133 (1991)). Radiolabeled and paramagnefically iabeled
alpha-ketoamide derivatives have also been proposed as thrombus imaging agents
{Abelman et ., 1.5, Pment No. 5.656,600).

A need continues to exist for non-peptidic sompounds that are potent and
selective protease inhibitors, end which possess greater bivavailability and fewer
side-effecis than currently available pratease inhibitors. Axcordiagly, new classes
of potent protease inhibitars, charaeterized by potent inhibitory capacity anc} Tow
mammalian toxicity, are potentially valuable therapeutic agents for a variety of

cenditjons, including treatment of a number of mammalian proteolytic discase states.
Suminary of the Invention

The present invention is dirceted to novel cyclic oxyguanidine pyrazinones
having Formula f (below). Alse provided are processes for preparing compounds
of Formula £, and pharmaceutical compositions cornprising a compound of Formula
I and one or more pharmaceutically accoptable cartiers or diluents. The novel
campounds of the preseat invention are poteat inhibitors of proteases, espcciéll y

teypsin-Jike serine proteases, such as chymotrypsin, trypsin, thrombin, plasmin and

JP 2004-504305 A 2004.2.12
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factor Xa. Certain of the compounds exhibit entithrombotic activity via direct,
selective inhibition of thrombin, or are intermediates useful for forming compounds
having antithrombotic activity. Also provided are methods of inhibiting or treating
aberrant proteclysis in 2 manmal and methods of Geating thrombosts, ischemia,
stroke, restenosis or inflammation in 2 mammal by administering an cffective
amnount of a compound of Formula 1.

The invention includes a composition for infibiting loss of blood platelets,
inhibiting formatien of bicod platelet appregates, inhibiting formation of fibuin,
inhibiting thrembus formatien, and inhibiling embelus formation in & mummal,
comprising a compound of the invention in a pharmaceutically acceptable carrier.
These compasitions may optionally include anticoagulants, antiplatelet agsnts, and
thrembelytie agents. The compositions can be added to bloed, blood products, ot
mammalian oxgans in order to effect the desired inhibitions.

Also provided are methods of inhibiiing or treating aberrant proteolysis in a
mammat, and methads for treating myocardial infarclion; unstable angina; stroke;
regtenosis; deep vein thrombosis; disseminated fncravascular congulation cansed by
tranma, sepsis or tumer metastasis; hemedialysis; cardiopulmenary bypass surgery,
adujt respiratory distress syndrome; endotoxic shock; theumatoid arthriils; uleeraiive
colitis; induration; metastasis; hypercoagulability during chemotherapy; Alzheimer’s
disease; Down's syndroine; fibrin formaiion in the eye; and wound healing. Other
uses of compounds of the invention are as anticoagulants cither embedded in or
physically linked to materials used in the manufactire of deviees used in bloed
collection, blood circulation, and blood storage, such s catheters, blood dizlysis
machines, blood collection syringes and tubes, blood lines and stents.

The invention #lzo incdludes a methad fior reducing the thrombogenicity of a
surface in a ynarnmal by atteching to the surface, either covalently ar noncovalently,
& compound of the invéntion.

in another aspect, the present invention includes compeositions which are
uscful for in wive imaging of thrombi in a mammal, comprising a compound of the

present invention which is capable of being datected outside the body. Preferced are

JP 2004-504305 A 2004.2.12
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compositions comprising a compound of the present invention and a detestable label,
such as & radiosctive or paramagnetic atom.

In another aspect, the present invention provides diagnostic compasitions
whici are useful far in vive imaging of thrombi in a mammal, comprising 2

5 pharmaceutically acceptable carder and a diagnostically effective amount of a

compound or compesition of the present iavention.

In another aspect, the present ivvention ineludes methods which are uselul
for int wivo imaging of throrbi in a mammal.

In anather aspect, the present invention includes processes for preparing an

10 oxypuanidine compound of the invention.

Detailed Description of the Preferred Embodiments

Campounds of the present invention include compounds of Formula 72

R

L

| I
W N. A
S~ N)\n/ N/
H H
RE

[s]

or a solvate, hydrate or pharmaceutically acceptable sult thereof, wherein:

15 W is hydrogen, R', R'OCO, R'CO, RY{CH,)NHCO, ar (R),CHICH)NHCO,
wherein s is 0-4;
R'is
R?,
RACH)C(R"),, where tis 0-3, and each R can be the same or different,
20 {RH(OR™CH(CHL),, where p is 14,

(R (ORC(CTH,),, where p is 14,
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RAUC(RIB,(CH,), wherein tis 0-3, and cach R can be the same or different,
wherein (R'™), can alse fomm a dng with C represented by Oy,
cycloalkyl,

R'CF,C(R/*),(CH,),, wherein q is 0-2, end cach R™ can be the szme or

5 different, wheretn (R**), can also form a ring with C represented by
C,qeycloalkyl,

RCH,C(R"ACH,),, whersin g i5 0-2, and each RY can be the same or
different, wherein (R'%), can also form a ring with C represented by
Cyp cycloalkyl,

10 {R?),CH(CH,),, where ris 0-4 and each R? can be the sarse or different, and
wherein (), can also form a ring with CH represented by Cs
cycloalkyl, Cy,y; bicylic alkyl, T tricylic alkyl, or a 5-w i-
membered meno-or bicyelic heterocyelic ring which can be saturated
or unsafurated, and which contains fror one to three heteroatoms
13 selected from the group consisting of N, O and 5,

R*O(CH,),, wherein pis 2-4, )

(RY),CF(CH,), wherzia 1 is 0-4 and each R'* can be the same different,
wherein (R'), can alse form a ring with C sepresented by G,
cycloalkyl, Cy.,; bicyelic allyl, Cyq 4 tricyolic alkyl, or & 3- to 7-

20 membered mono- or bicyclic heterocyelic dng which can be saturated
or unsaturated, and which contains from oue to three heteroatoms

selected from the gronp consisting of N, O and S,

{RECH CH,

R' H1 2

HZ(GH;,)S\V/‘Z ,where sis 0 or [, of

25 RICE,CR M)y
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R%is

R'is

riis

R%is

-

phenyl, naphthyl, or biphenyl, each of which is unsubstituted or sabstituted
with one or morc of C,, alkyl, C,, alkoxy, halogen, hydroxy, CF,,
OCE,, COOH. CONH,, or S0,NH,,

a5-io 7-membered mono- or 2 9- (o 10-membered bicyclic heterocyclic ring
or non-heterccyclic fng which can be saturated or unsaturated,
wherein the heterocyclic tng containg from one to four hetercatoms
setected fromn the group consisting of N, © and 8, and wherein the
hetsrocyclic or non-heterocyclic ring is unsubstituted or substitured
with halogen ar hydroxy,

C, 7 alkyl, unsobstitted or substituted with one or more of hydrexy, COOH,
amine, aryl, Cy ; cycloalkyl, CF;, N{CH,)h, -Cy jalkylaryl, heteroaryl,
or heterocycloalkyl,

CH,,

C;, cycloalkyl, unsubstizuted or substizuted with aryl,

(4, bicyclic alkyl, or

Choie tHcyclic allyl;

hydrogen, C alkyl, Gy, eyeloslkyl, Cpy allenyl, Cp, alkynyl, oprionally
substituted Cy,y, aryl, optionally substituted Cgp ar{C, galkyl, optionally
substituted hetercaryl, tifinoromethyl, halogen, T, ; hydroxyalkyl. cyano,
nitro, carboxamido, —CO,R®, -CH,OR™ or —ORY,
where RY, in each instance, is independently one of hydrogen, C
alky? or Cy; cycloalkyl wherein said alky! or cycloatkyl groups may

optionally have one or more unsatarations;

hydrogen or halogen:

hydragen,

JP 2004-504305 A 2004.2.12
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phenyl, naphthyl, or biphenyl, cacl of wiich is unsubstituled or substitated
with one or mare of C, alkyl, C, alkoxy, halogen, hydroxy, CF,
OCF,, COOMH, or CONH,,
a 5- to 7-mernbered mang- or a 9- to L0-membered bicyelic heteroeyclic ning
3 which can be saturated or unsaturaced, and which contains from cne
1o four heteroatoms selected from the group consisting of N, O and
5,
C, 4, alkyl, unsubstituted ar substituted with one or more of hydroxy, COOH,
amino, aryl, hetoroacyl. or heterocycloalkyl,
10 ' CL,,
Cy4 cyclozlkyl,
C,.;; bicyelic alkyl, or
Cla tricyclic atkyl;
R’ is hydragen, C,_alky), or C,, alkenyl;
15 A is ome of

" mO B? Q

& (LY
] ! N—FR"
LN b and (
1" T N
N\Rc Rc,’ N—R
wherein:
E*, B¥and R® are independently hydrogen, alkyl, ydroxy, alkoxy, aryloxy, aralkoxy,
alkoxycurbonyloxy, eyane or —CQ,R*, wherc

20 R" is alkyl, cycloalkyl, phenyl, benzyl,

Rf 0 o) gy
B;E =0 or §\f \f(
o] RS o

where R and R® arc independently hydrogen, C, alkyl, Cyg
aikenyl or phenyl, Rf is hydrogen, C 4 alkyl, <y ; alkenyl or
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9.

phenyl, R¥is hydrogen, €, 4 alkyl, C,; alkenyl ov phenyl, and
R" is aratioyl or Cp 5 alkyh

each 0 is from zero to 4, preferably zevo to 25

each m i5 from zero to 4, preferably zewo 1w 2; and

each j is zero to 4, preferably zero ta 2;

provided thatn, m and j are not all zero.

In one class of compounds and pharmaceutically acceptable salts thereof, B
is hydrogen, €, alkyl, Cy5 cycloallyl, or CFy; preferably €, atkyl. and n is from
Zero to 2; mis from zero to 2; and | is from zero to 2, provided that n, m and j are ot
all zero.

In = subclass of 1his class of compounds and pharmaceutically acceptable
salts thercef, RY is hydrogen or halogen.

In 2 group of this subclass of compounds and phanpaceutically acceptable
salts thereof, W is Hor RY

In & subgroup of this group of compounds and pharmaceutically acceptable
salts thereof, R Is ‘

R?,

RYCH,LCOR',, where ¢ is 0-3, and each R can he the same or different,

RIC(R'),(CH,}, wherein  is 0-3, and each R'? can be the samc or different,

wherein (R™), can also form a ring with C represented by Cyy
cycloalloyl,
RICH,CR(CH,),, wherein q is 0-2, and each R can be the same or
different, whersin (R'"*); can aiso form 2 ring with C sepresented by
Cyeyeloaliyl,

{(R¥)CH{CH,),, whero 115 0-4 and cach R?con be the same or different, and
whereln (R®), can also form a ring with CH represenied by €y
cycloalkyl, C,,, bieytic alkyl, Cyy,, tricylic alkyl, or a 3- to 7-
membered mene- or bicylic heteronyelic ring which can be saturated
or unsaturated, and which conlains from one to three hetercatoms

selecled from the group consisting of N, O and S,

JP 2004-504305 A 2004.2.12
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RECF,C(R}L,{CH,), wherein q je 0-2, and each R' cen be the same or
different, wherein (R'%), can also form a ring with C represented by
Cyseycloalkyl, or

RO(CH,),, wherein p is 2-4;

phenyl or naphthyl, each of which is unsubstituted or substituted with one or
more of C, alkyl, C,, alkoxy, halogen, hydroxy, CF;, OCF,, or
SO,NH,,

a 5- to T-membersd iong- or a - to 10-membered bicyclic heterecyehic ring
or non-heterocyclic ring which can be saturated or unsaturated,
wherein the heterocychic ting contains from one to four hetercatoms
selected from the group consisting of N, O and . and wherein ibe
heterocyclic or non-heterocyclic ring is unsubstituted or substinwted
with halogen or hydroxy,

€, alkyl, imsubstinuted ar substituted with one or more of hydroxy, COOH,
C,, cycloatkyl, (¥, N(CH), -Ciselkylaryl, beteroaryl, or
heterocycloalkyl,

CFy, of

C,; cycloalkyl, unsubstituted or substiluted with aryl; and

hydrogen, or
C,., alkyl, unsubstituted or substituted with one er mere of hydraxy. COOH,
amino, aryl, heteroaryl, or heterocycloalkyl.

In a family of this subgroup of compounds and pharmaceatically scceptable

salts thereol,

R%is H, CH,, or CH.CH,;

R 1s H or chloro; and

W is PRCE,CHL, (CH,),C-, HOOCCH,, CE,CH,, (CH,),N{CH,);, PhCH;0(CH,},.

PHCH(CH,), PhCH,CHCOOH), CHCH,), PhCH, H. CHyCH.).
CH,CH.CH(CH,)CH,, (Ph),CHCH,, PhCH,CH(CH,), FhCH(CH)CTL,
(CH,),CH, PhCH{OHICH,, PRC(CH, 3, CH,, (F1),CHCH,, or

PCTAISNIf22302
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A preferred R® group is hydrogen.

Preferred values of R*, R” and R in Formwila £ are hydrogen, hydroxy, £
alkyl. €, ¢ alkoxy, cyano or —COyR¥, where R”, in each instance, is preferably ane of
C,..atkyl, Cyscycloalkyl or henzyloxycarbonyl, Suitable vaives of RS R® and RF

5 inciude hydrogen, methyl, sthyl, propyl, n-butyl, hydroxy, methoxy, ethoxy, cyana,

—C0,CH,, —COLH,CH, and-CO,CH,CH,CH,. Inibe most preferred embodinments,
R% R" and R® are each hydrogen.

Also prefermed at R, R® and R is the group —CO;R", where K™ is one of

Rf o iﬁ/o RP
5;1 >=D of \[r
H o R O
R Re

10 where RE-R® are defined as above. When RY, RY and R® am ~CO,R”, where R” is one
of these moieties, the resulling comipounds are prodmgs that possess desitable
formulation and bicavailability characteristica. A preferred valug for each of R, R*
and B* is hydrogen, R is methyl, and preferred values for R include benzyl and rert-
butyl.

15 Prefemed values of i in Formula £ include zero, 1 or 2.

Preferred velues of m are zerc, Lor 2.
Preforred values of j are zero, 1 or 2, provided that n, m und § are not all zero.

Especially preferved compounds are represented by Formulae fe and I5:

e MH
iy o )j\
N{)ﬁ/ o ~n N, .
{r3
W\N/k”/“\/lk
H H
o
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-17-

5ol
H
NH
Nl/%/““ o N O/N\]/ 1
v N\)J\ /"*K/NH
\N')\[( N
h

or a solvate, hydrate or phanmaceutically acceptable salt thereof, wherein

W is as defined, and has the preferved walues, as for Formuja £, above;

R is hydrogen, C, 5 alkyl, halogen or C, alicoxy;

R* is hydrogen or halogen; and

wisOorl.

$pecific compounds within the scope of the inventien inelude the following:

N-(2-carbamimidoyl-[ 1,2]oxazinan-3-yl)-2-[6-methyl-2-0xa-3-(2-p-tolyl-
e'thylanﬁno)-ZH—pswazin-i-ylj~ncclam_'\dc;

2-{3(2.2-difluora-2-phenyl-ethylamina)-6-methyl-2-cxo-2H-pyrazin-1-yi]-N-
(3-imino-{1,2,4]oxadiazinan-G-ylmethyl)-acetamide;

N-(2-carbamimidoyi-[1,21orazinan-5-y1)-2- (6 -methyl-2-oxo-3-
phenethylamino-2H-pyrazin-1-yl)-acetamide;

M-(Z-carbamimidoyl-[1,2]oxazinan-5-y1)-2-(3-chloro-6-methyl-2-0x0-3-
phenethylamino-2H-pyrazin-1-yl)-acetamide;

N-{2-varbamimidoyl-[1,2]oxazinan-5-yl)-2-[3-(2,2-diphenyl-ethylamino)-6-
metbyl-2-oxo-2H-pyrazin-1-yl]-acetamide;

N-(2-carbamirmidoyl-[1,2]oxazinan-5-y1)-2-[5-chloro-3-(2,2-diphenyl-
ethylamino)-6-mcthyl-2-oxo-2H-pyrazin-1-yl]-acetamide;

W-(2-carbarnimideyl{1,2}oxazinan-5-y13-2-{ 3-[2- (4-methoxy-phenyl)-
ethylamino]-6-methyl-2-oxo-ZH-pyrazin- I-yl }-acefamide;

N-f2-carbarnirmideyl-{ 1,2 ]oxazinan-5-y1)-2-{ 6-methyl-2-oxo-3-[{ [ -phenyl-
cyclobutylreihyl)-amino]-2H-pyratin-1-yl}-acetamide;

N-(2-carbamimidayl-| §,2]oxazinan-5-y1}-2-[6-methyl-3-(2-naphthalen-1-yl-

ethylamine)-2-axo-2H-pyrazin-1-yl}-acetamide;
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N-(2-carbamimidoy}-[1,2]oxazinan-5-y{}-2-[6-methyl-2-ox0-3-(2-phenyl-
buryjamino}-2 H-pyrazin-L-ylj-acetamide;
2-[3-(2-benzof1,2}dioxol-3-yl-ethylamino)-6-methyl-2-oxo- 2 -pyrazin-1-ylj-
N-(2-carbamimidoy!-1},2]oxazinan-5-yi)-acetamide; .
N-(Z-carbarnimidey)-[1,2]oxazinan-5-y1)-2-[6-methyl-2-0x0-3-(2-pyridin-2-
yl-ethylamino)-2H-pyrazin-1-yl]-acelainide;
N-(2-carbaminridoy!-[1,2}Joxazinan-5-y1)-2-[6-methyl-2-ox0-3-(2-n-iolyl-
Ethylalxﬁno)»ZH'pyrazin- L-yl}-scetamide;
N-(2-catbamimidoyl-[1,2Joxazinan-3-y1)-2-[6-methyl-2-0x0-3-(2-m-tolyl-
ethylamina)-2A-pyrazin-1-yl]-acetamide;
N-(Z-carbamimidoyl-[1,2Joxazinan-5-y1)-2-{ 6-methyl-2-ox0-3-[2-(2-
wifinoroinethyi-phenyly-sthylamine]-2H-pyrazin- |-yl | -zcetamide;
N-(2-carbamimidoyl-{},2]oxazinan-5-y1}-2-{ G-methyl-2-0x0-3-[2-(3-
riffuoromethyl-phenyl-sthylamino]-2H-pyrazie- 1-y1 | -acetamnide;
N-(2-carbamimidovl-[1,2]oxazizan-5-y1)-2-{ 6-meihyl-2-0x0-3-[2-(4-
trifluorosnothyl-phicnyl)-ethylamino)-2H-pyrazin- 1 -yl } -acctamide;
N-(2-carbamimidoyl-[1.2]oxazinan-5-y1)-2-{3-[2-(3, S-dimethyl-phenyl)-
ethylamino]-6-methyl-2-oxo-Zfi-pyrazin-1-yl}-acstamide;
N-(2-carbamitnidoyl-[1,2]oxazinan-5-y1}-2-[3-(indan-2-ylamine)-6-methyl-2-
oxo-2H-pyrazin-1-yll-acetamide;
N-(2-cerbamimidoyl-[!,Zjoxazinan-5-yi)-2-{3-{2-(3,4-difluoro-phenyl)-
ethylamino]-6-methyl-2-oxo-2H-pyrazin-1-ylj-acetamide;
N-(2-carbamimidoyl-[1,2Jexazinan-5-y1)-2-[3-{2-indan-5-yl-ethylamino)-6-
methyl-2-oxa-2H-pyazin- I-yl]-2cetamide;
N-{2-carbamimidoyl-[1,2]oxazinan-5-y1}-2-{3-(2-(2-fluoro-phenyl}-
ethylaminol-G-methyl-2-oxo0-2H-pyrazin-) -yl }-acetamide;
N-(2-carbamimidoyl-{1,2]oxazinan-5-y[3-2-{ 3-[2-(3.4-dimethoxy-phenyl)-
ethylamino]-5-methyl-2-ox0-2H-pyrazin- -yl }-acetamide;
N-(2-earbamimidoyl-[ L,2]exazinan-5-y1}-2- (3-{2-(4-fluoro-phenyl)-

ethylamino]-6-methyl-2-ox0-2H-pyrazin- |-yl }-acetamide;

POT/UNOL2L302
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N-{2-carbamimidoyl-[1,2]oxazinan-5-y1}-2-(3-[2-(4-ethyi-phenyl)-
ethylamino[-6-methyl-2-oxa-ZH-pyrazin-1-yl }-acetamide;
N-(2<carbamimidoy]-[1,2]oxsziran-5-y1)-2-[6-muthyl-2-0x0-3-(2-phenyl-
propylaniine)-2H-pyrazin- 1-yil-aceramide;
N-(2-carbamimideyl-[1,2Joxazinen-5-y1)-2- {3-[2-(3 4-dimethyl-phenyl)-
ethylamino]-6-methyl-2-0Xo-2H-pyrazin-1-yl ) -acetamide;
N-(2-garbamimidoyl-[1,2]o%azinan-5-y[)-2-[6-methyl-3-(2-naphthalen-2-yl-
ethylam.inc)—?roxo—ZH-pyrazin-l-yI};acctzxnidc:
N<2-carbarmimidoyl-[1,2]oxazinan-5-y1)-2-{3-(2,2-diphenyl-propylamino)-6-
methyl-2-oxo-2H-pycazin- 1-yl]-acetamide;
N-(2-carbamimidoyl-[1,2}oxazinan-5-y1)-2- {3-[2-(1h-indol-3-y1}-
ethylaninol-6-methyl-2-ox0-2H-pyrazin-1-yl}-ucetamide;
N-{2-cerbamimidoyl-[1,2]oxazinan-5-yl)-2- (6-msthyl-3—[27(4fme,thyl—
naphthaien-1-yl)-ethylamino}-2-oxo-2H-pyrazin-1-y1}-acetamide;
No(2-carbamninoidoyl-{1,2]oxazinan-5-yl)-2-{3-[2-(2 4-difluoro-phenyl)-
ethylamino]-G-methyl-2-oxe-2H-pyrazin-1-yl } -acetamide;
N-(2-carbamimidoyl-{1,2)oxazinan-5-y1)-2-[3-(2,2-difluoro-2-phenyl-
ethylamina)-6-methyl-2-oxo-2H-pyrazin-1-yl]-ucetamide;
N-(3-imino-[1,2,43oxadiazinan-6-ylmethyl)-2-(6-methyl-2-oxo-3-
phenethylamino-2H-pyrazin-1-yl}-acctamide;
2-(5-chlora-6-methyl-2-oxo-3-phenethylamino-2H-pyrazin-1-yI)-N-(3-imino-
[1,2,4]Joxadiazinan-6-ylmethyi)-acetamids;
3-[3-(2,2-diphenyl-ethylamino)-6-methyl-2-oxo-2H-pyrazin-1-y1]-A-(3-
imino-[1,2, 4]oradiazinan-6-ylmethyl}-acetamide;
2-[§-chloro-3-(2,2-diphenyi-ethylamine)-6-methyl-2-oxo-ZH-pyrezin-1-yl]-
N-(3-fmino-[1,2,4oxadiszinan-6-y l'mel.hyl)-nc etamide;
N-(3-imine-[1,2 4]oxadiazinan-6- ylmethyl}-2-[6-methyl-2-oto-3-(2-p-talyl-
ethylamine}-2H-pyrazin-1 -yl]-acetamide;
N-(3-imino-[1,2,4]oxadiazinan-H-yimethy]}-2- [ 3-[2-(4-methoxy-pheny!)-

ethylaming]-6-methyl-Z-oxo-2H-pyrazin-1-yl}-acetamide;

JP 2004-504305 A 2004.2.12
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N-(3-imino-J1,2 4Jexadiazinan-6-ylmethyl)-2-{ 6-methyl-2-ox0-3-{(1-phenyl-
cyelobutylrrethyl)-amina]-2H-pyrazin-1-yl }-acelamide;

N-{3-imino-[1.2,4Joxadiazinan-6-ymethyl}-2-[§-methyl-3-(2-naphthalen- 1 -
yl-ethylamine}-2-oxo-2H-pyrazin-1-ylj-acolamide;

N-(3-imino-[1,2 4]oradiazinan-G-yimethyl)-2-[6-methy) -Z-ox0-3-(2-phenyl-
burylaming)-2H-pyrazin-1-yl]-ucetarmide;

2-[3-(2-benzo(1,3]dioxal-5-yl-ethylamino)-6-methyl-2-ox -2 H-pyrazin-1-yl]-
N-{3-imino-[ 1,2,4]oxadiazinan-6-yimethyl)-acetamide;

N-{3-imino-{1,2,4)oxadigginan-G-ylnethyl)-2-i6-methyl-2-oxa-3-(2-pyridin-
2-yl-ctirylamino)-2H-pyrazin-1-yl)-acetamide;

N-(3-imino-{l ,2,4]0xadiazinan~6-ylmelhyl)-2—[6«methy].—‘2»0x0-3-(2-a-t01yl-
ethylamino}-2H-pyrazin-1-yl]-acetamoide;

N-(3-imino-{},2,4Toxadiazinan-6-ylmethyl)-2-[6-methyl 2-cxo-3(2-m-tolyl-
ethyleming)-2H-pyrazin-1-yl]-acetamide;

N-(3-imino-[1,2 4]oxadinzinan-6-ylmethyl}-2-{ 6-methyl-2-oxo-3-[2~(2-
trifinoromethyl-phenyl)-ethylamine]-2H-pyrazin-1-ylj-acetamide;

N—(avimino—[l.z,ﬂoxadiazinm-ﬁ-y]methyl)-Z—{6amethyl~2-oxo—3-[’).-{3-
triflucromethyl-pheny})-ethylamino - 2H-pyrazin- 1-y1 }-acctamide;

N-{3-iming-]1,2,4Josadiazinan-G-ylmethyl)-2-{ 6-methyl-2-0x0-3-[2-(4-
trifluoromethy)-phenyl)-ethylamino]-26- pyrazin- 1yl }-acetamide;

2-13-[2-(3,5-dimethyl-phenyl)-cthylamino]-G-methyl-2-oxo-ZH-pyrazin-1-
Y1}-N-(3-imina-[1,2 4Joxadiazinan-G-ylmethyl)-acetamide;

N-(3-imino-[1,2,4Joxadiazinan-6-ylmethyl)-2-(3-(indan-2-ylamino)-6-
methyl—?—oxo-QH—pyra:r.in-l~le—acctamide;

2-{3-[2-(3 A-difhuoro-phenyl)-ethylamino}-6-methyl-2-exo-2 H-pyrazin-1-yit-
MN-{3-imine-[1,2,4}oxadiazinan-6-yImethyl)-acetamide; . .

N—(E—imiﬂo—[1,2‘4lnxadia.zinanfr—ylmethy1)—27[3—{2!1ndan-S-yi-eLhylamino}—
G-tnethyl-2-oxo-2H-pyrazin-1-yl]-acetamide;

2. 3-72-(2-Flucra-phenyli-ethylamino]-o-methyl-2-oxo-2H-pyrazin-1-y1}-N-

(3-imino-[1,2 4}oxadiazinan-6-ylmethyi)-acetumide;
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2-{3-[2-(3.4-dimethoxy-phenylethylamine]-§-methyl-Z-oxe-2H-pyrazin-1-
y1}-N-(3-imino-[1,2.4joxadiazinan-6-ylmethyl)-acetamide;
2-{3-[2-{4-Throro-pheny)-ethylamine]-G-methyl-2-oxe-2H-pyrazin-1-y1 }-N-
(3-tmino-[ 1,2,4]oxadiazinan-6-ylmethyl)-acetamide;
2-{3-[2-(4-ethy]-pheayl)-sthylamino]-6-methyl-2-oxo-2H-pyrazin-1-y1 }-i-
(3-imino-[1,2 41oxadiazinan-6-ylmethyl)-acetamide;
N-{3-trmino-[1,2,4]oxadiazinan-6-ylmethy)}-2-[6-methyl-2-oxo-342-phenyl-
propylamino)-ZH-pyrugin-1-y-acctamide;
2-{3-[2-(3.4-dimethyl-pheny])-ethylamino]-6-methyl-2-oxo-2H-pyrazin-1-
y1}-N-{3-imine-[},2,4 Joxadiazinan-6-ylmethyl)-acetamide;
N-(3-imino-[1,2,4]oxadiazinan-6-ylmethyl)-2-[6-methyl-3-(2-naphthalen-2-
yl-ethylamine)-2~oxo-21{-pyrazin-1-ylj-acetarnide;
2-(3-(2,2-diphenyl-propylamine)-6-methyl-2-oxo-ZH-pyrazin-1-yl]-V-{3-
imino-[1,2,4loxadiazinan-6-ylmethyl)-acetamide;
N-(3-imino-[1,2,41oxediazinan-6-ylmethyl)-2-{3-[2-{1 H-indol-3-y1)-
ethylamino]-G-methyl-2-oxo-2{{-pyrazin-1-y1}-acetamide;
N-(3-imino-{1,2,41oxadiazinan-6-ylmethyl}-2-{6-methyl-3-[2-(4-methyl-
naphthalen-1-yi)-ethylamine]-2-ox0-2H-pyrazin- -yl }-acetamide;
2-13-[2-2,4-difluoro-phenyl)-ethylamino]-6-methyl-2-oxo-2 H-pytazin-1-y1}-
N-{3-imine-[1,2,4]oxadiazinan-6-ylmethyl}-acetamids;
N-(3-imino-[1,Z £]oxadiazinan-6-ylmethyl)-2-[6-methyl-2-ox0-3-(Z-p-telyl-
ethylamino)-2H-pyrazin-1-yl]-acetamide; and
2-[3-(2,2-difluoro-2-phenyl-ethiylaming)-6-methyl-2-oxo-2H-pyrazin- Lyl1-M-
{3-imino-[1,2 4]oxadiazinan-6-ylImethyl)-acetamide,
as well as pharmaceutically acceptable salts thereof, for example the hydrochloride,
acetate and tifluoroncetate salts thereof.
It is also to be understood that the present invention is considered to include
stereoisomners as well as optica] isomers, e.g. mixtures of enantiomers as well as
individual enantiomers and diastercomers, which arise as aconsequence of structural

asymmetry in selocted compounds of the present series. The compounds of the
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presentinvention may also have polymorphic crystailine foros, with all potymaorphic
crystalline forms being included in the present inveation.

The compounds of Formula I may alse be solvated, especially hydrated,
Hydration may ocour during manufacturing of the compounds or compasitions
comprising the compounds, or the hydration may ocour over time due W e
hygroscopic nature of the compouads.

Certain compounds within the scope of Formula T are derivatives xeferred to

u¢ prodrugs. The cxmession “prodrg” deaotss a derivative of 2 known direct acting

"drug, which derivative has enbanced delivery charactedstics and therapeutic valoe

as compared (o the drug, and is transformed into the active drug by an enzymatio or
chemical process, Useful prodrugs are those where B?, R andfor R* are ~COR™,
where R is defined above. Ses, U.S. Pstent No. 5,466,811 and Savlnier et af.,
Bigorg. Med. Chem. Lent. 4:1985-1850 (1994).

When any variable occurs more fhan one time in any constitnent or in
Formula £, its definition on each occurmrence is independent of its definidon at every
other occurrence. Also, cambinations of substinients and/or variabies are permissible
only if such combinations result in stable compounds,

In ancther aspect, the present invention includes compositions which are
useful far i vive imaging of thrembi in 2 mamma), comprising & compound of the
present invention which is capable of being detected outside the bady. Preferred are
compositions comprising acompound of the present invention and a deteclable Jabel,
such a3 a radioactive or paramagretic atom.

In another aspect, the present invention provides disgnostic compositions
which are used for in wive imaging of thrombi I 2 mammal, comprising a
pharmaceutically acceptuble camrier and a diagnostically effective amount of a
compound or composition of the present invention.

In another aspect, the prégent invention includes methods which are useful
for in vive imaging of thrombi in a mammal.

According to a preferred aspect, useful compounds are those wherein the Rr!
substituent is substituted with a detectable label, such 83 a vadioactive 1odinc atom,

such a3 I-125, [-131 or I-123. In this aspect, R is prefcrably phenyl, having a para

JP 2004-504305 A 2004.2.12
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a3

i-123, para -123 or para I- 131 substirution, or benzyl, having a meta I-123, meta
1125 or meta §-131 substiiution,

The detectable label can aise be a radipactive or paramagnelic chelate in
which a suitable ligand {L} is aitached to an R substituent, either direotly or via a
divaleni linking group A". Altemnatively, the group—A "L substitutes for the groups
W in Formula I. By svituble ligand s meant an organic moiety that is capable of
chelating a radicastive or perarnagmetic metal ion,

In these compounds, the divalent oking group A" includss groups that are
capable of covalently bonding with & free arnine group and the chelating means. For
example, A" may be —C(=8)—, —C(=0), —C[=NH)—CH,}~CF=NH—,
—C(=O—{CH, b—C(=0)—,

and the like.

Alsa, in the compounds represcrted by Formula £, the chelating figand, L,
includes groups capable of covalently bonding to or nancovalently binding to either
& adioactive or paramagnetic atom, The chelating means including those which are
customarly nsed for complering tadioactive or paramagneric atoms. Thess inelude
chelating means containing 3 o 12, preferably 3 to 8, methylene phosphonic acid
gronps, methylene carbohydroxemic acid proups, carbonyethylidene groups, of
egpeciuily carboxymethylene groups, which are bonded to a nitrogen atom. If only
one or twe of the acid groups are bonded te g nitrogert atom, then that nitregen is
bonded to another nitrogen atom having such groups by an optionally substituted
cthyleoe groups or by up \a four separated ethylene units separated by a nitrogen or
oxygen or sulfur atom. Preferred as @ completing means is diethylenetrirgine-
N.NNN".N"-pentaacetic acid (DTPA). DTPA is well known in the arl a5 a
¢helating means for the radioactive atom indium-L11 {In-[ 11}, technetium-2%m (Tc-

99m), and the paramagnetic atom gadotintum (Gd). Khaw, et ai., Science 209:295
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(19800; Paik C. H. er ¢, U.5. Pat. No, 4,652,440 (1887); Gries, H. er a,, U.S. Pat.
Mo 4,957,939 (1990). An prefemed chelating ligand, L, is t-{(p-amincbenzyl)-
diethylenefriaminepentaacetic acid.  Also included as chelating means ara
compounds which contain sulhydryl or amine moieties, the total of which in any
combination i3 at least four. These sulfhydryl or amine moieties are separated from
each other by at least two atoms which can be either carbon, nitrogen, oxygen, or
sulfur. Especially preferred for chelating means, L, is metallothjonein which is well
known in the art as a chelating means for Tc-89m.

The term “alkyl" as employed herein by itself or as part of another group
refers (o both straight and branched chain radicals of up to 12 catbons, such as
methyl, ethyl, propyl, isoprapyl, butyl, &-butyl, isobutyl, pentyl, hexyl, isohexyl,
heptyl, 4,4-dimothyipentyl, octyl. 2.2.4-mimethylpentyl, nonyl, decyl, undecyl,
dodecyl.

The term "“alkenyl” is used hercin tomean a straight or branched chain radical
of 2-20 carbon atoros, unless the chain length is mited thereto, including, but not
limited to, cthenyl, I-propenyl, 2-propenyl, 2-methyl-l-propenyl, [-butenyl, 2-
butenyl, and the like. Preferably, the alkenyl chainis 2 to 1¢carbon atoms in length,
more preferably, 2 to 8 carbon atoms in length 1most preferably from 2 to 4 carbon
atoros in length.

The term “alkynyl" is used herein to mean a straight ar branched chain radical
of 2-20 carboni atoms, unless the chain length is himited thereto, whercin there is at
Jeagt one triple bond between two of the carbon a1oms in the chain, including, butnot
limnited to, acetylene, |-propylene, 2-prapylene, and the Like, Preferably, the allgmyl
chain is 2 to 10 carber atowms in length, more preferably, 2 o § carbon atoms in
length, most preferably from 2 to 4 carbon atoms in length.

In all instances herein where there is an alkenyl or atkynyl moiety a5 2
substituent group, the unsaturaed inkage, i.e., the vinylene or acctylenc tinkage is
preferably not dircctly arm.chcd [o & nitrogen, oxygen or sulfur moiety.

The lerm "alkoxy" is used herein to mean & straight or branched chain radical
of 1 t0 20 carbon atoms, uniess the chain length is limited therete, honded to &n

oxygen atom, including, but not limited to, methoxy, ethoxy, n-propoxy, isopropoxy.
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25

and the like. Preferably the alkaxy chain is 1 te 10 carboa atoms in length, more
preferably 1 to 8 carbon atoms in length.

The term "aryl" as employed herein by itsell or as part of another group refers
to monocyclic or bicyelic aromatic groups containing from 616 12 carbons in the ting
parttion, preferably 6-10 carbons in the ring portion, such as phenyl, naphthyl or

istrahydronaphthyl.

The term “heteroaryl” as employed herein tefers to groeps having 5 te 14 ring

atoms; 6, 10 or 14 x electrons shared in a cyclic atray; and containing carbon atoms
and 1, 2 or 3 oxygen, nitragen or sulfur heteroatores (where examples of heteroaryl
groups ate: thienyl, benze[blthienyl, naphtho[2,3-blthieny], thianthrenyl, furyl,
pyranyl, isobenzofuranyl, benzoxazalyl, chromenyl, xanthenyl, phenaxathifnyl,
2H-pyrrolyl, pyrrolyl, imidazolyl, pyrazolyi, pyridyl. pyrazinyl, pyrimidinyl,
pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl, indazolyl, puricyl,
4H-guinolizingt, soquinolyl, guisclyl. phthalazinyl, naphthyridinyl, guinazolingd,
cinnolinyl, pteridinyl, 4atl-carbarolyl, carbazolyl, B-carbolinyl, phensnthddingt,
acridinyl, perimidinyl, phenanthrolingl, phenazinyl, isothiazolyl, phenothiazingl,
isoxazolyl, furazanyl and phenoxazinyl groups).

The term, "aralkyl” or "arylalkyl" as employed herein by iself or as part of
another group refers to Cygalkyl gronpa as discussed above having an aryl
substituent, such as benzyl, phenylethyl or 2-naphthylmethyl.

The tee "eycloaliy!t" as employed herein by itself or as part of another group
refers to cycloalkyl groups containing 3 to % carbon atoms, preferably 3 Lo 7 earbon
atoms. Typical examples are cyclopropyl, cyciobutyl, cyclopentyl, cyclohcxyl,
cycloheptyl, eyclooctyl and cyctonony?.

The term “Cy.p, bicyelic alkyl” is intended to include bicyclo[2.2.1 Theptyl
(norbernyl), bicyelo]2.2,21actyl, 1,1,3-trimethylbicyclel2.2. IThepiyl (burnyl), and the
like.

The term "Cyp,4 Wicyclic atkyl" is inteaded to inclade tricyelo(s, 2, 1, 074

decyl, adamantyt, and the like.
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The term "halogen” or "halo” as employed herein by itself or as part of
unother group refers to chlorine, bromine, fluorise or icdine with chlorine being
preferred.

The term "moncalkylamine” a3 employed herein by ilseIf or as part of another
group refers to an antino group which ia substituted with one alkyl group having frorm
1 to § carbon atoms.

The term "diallcylamine” as employed hergin by itself or as part of another
group refers to an amino group which is substiiuted with two alkyl groups, each
having from 1t 6 caron atoms.

The term "hydroxyalkyl" as employed herein refers to any of the above alkyl
groups substituted by one or mare hydroxyl moieties.

The rerm. "carboxyalkyl® as employed herein refers to any of the above alkyl
groups substituted by ene or more carboxylic acid moiedes.

The term "heteracyele” or "heteracyelic ring", as used herein except where
noted, represents = stable 5- to 7-membered mono- or bieyelie or stable 7- to 10-
membered bicyclic heterocyclic ring system any ring of which may be saturated or
unsaturated, and which consists of carbon atoms end from one 1o three hetercatoms
selected from the group consisting of M, O and 5, and wherein the nitrogen and sulfur
heteroawrms may optionally be oxidized, and the nitrogen heteroatom may oplionally
he quaternized, and imcluding any bicyclic group in which any of the above-defined
heterocyclic rings is fused to u benzene ring. Bspecially nseful are rings containing
One GXVERT O sulfur, ane to thies nilrngen eiorms, 07 one OXYEen o sulfur combined
with one or two nitrogen atoms. The hetsrocyclic ring may be attached at any
heteroatom or cacbon atom which results in the creation of 2 stable structure.
Examples of such heterccyclic groups include piperidinyl, piperazinyl,
2-oxoppormzing, 2-oxopiperidinyl, 2-oxopymolodinyl, 2-oxoazepinyl. azopinyl,
pymalyl, 4-piperidonyl, pymolidinyl, pyrazolyl, pyrazolidiny, imidazolyl,
imidazolinyl, imidazolidinyl, pyridyl, pyrazioyl, pyrimidinyl, pyridazinyl, oxazolyl,
orazolidinyl, isoxazolyl, isoxazolidinyl, morpholinyl, thazolyl, thiazelidinyl,
isothiazolyl, quinuclidinyl, isothiazolidinyl, indolyl, quinclinyf, isoquinatinyl,

benzimidazolyl, thiadiazoyl, benzopyranyl, benzothiazolyl, benzoxazelyl, furyl,
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tetrahydrofuryl, tefrahydropyranyl, thienyl, benzothienyl, thiamorpholinyl,
thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, and oxadiazolyl. Morpholing is
the same as roorpholinyl.

The term “heteroatom” is used hezein to mean an oxygen atom {"O"), asulfur
atom ("S™) or a nitrogen atom {"N"). It will be recognized that when the heteroatom:
is nitrogen, it may form an NR*R" moiety, whereinR*and R® e, independently from
one another, hydrogen or C, to Cy alkyl, or together with the vitiogen to which they
are bound, form 4 saturated or unsaturaied 5-, 8-, or 7-membered ting.

Schemes I, £1, Fi¥, and TV outline the synthetic steps to produce compeunds
of Formula I. The schemes iflustrate but are not limtted to the preparation of the
compounds of Examples 1 and 2.

Tn Schemes £, §¥, I, and IV, W, R%, B, R®, K, n, m, and j aze s defined
abave; R* = Cl ar Br; P* is an ester protecting group, such ag henzyl; P* aud P* are
amino protecting groups, such as benzyloxycarbonyl (Chz) and teri-bitoxycarbonyl
{Boc); and P" is a hydroxyl protecting group, such as tetrahydropyranyl (THP), or
4-methoxyphenyl,
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In Scheme 1, an ester protected glycine, such as P' = benzyl or ethyl, is

condensed with an aldehyde, such as acetaldehyde, and a cyanide, such as

5 cyanotiimethylsilane (TMSCN), in a suitable solvent, such as dichloromethane to
afford the aminonitrtle 1. The aminoniirile is reacted with oxalyl chloride or oxalyl

bromide in an approprate solvent, such as 1,2-dichlorobenzene, to give the
pyrazinone 2. The 3-chlero or 3-brome of pyrazinene 2 is then dispiaced by an
appropriste  aminc, such as phenethylamine, 2,2-diphenylethylamine or

i0 4-methoryphenethylamine, in an appropriate solvent, such as ethyl acetate, to give
compound 3. The ester 3 is converled 10 acid 4 by standard procedures well known

in the art {Greene, T. W,, Wats, P. G. M., Prozective Groups in Organic Synthesis,

2nd edition, John Wiley and Sons, Ine. New York (19913}, such as hydrolysis using

a base, such as lithium hydroxide or sodium hydeoxide, in a spitable solvent system,

15 such as tetrahydrefuran/methanol/water. The S-chlorinc or bramine (R*=C1orRr)
is then optignally reduced by hydrogenolysis nsing = catalyst, such as pallagium on

carbon or Raney mickel, in ap appropriate solvent, such as water to afford 4.

Alsernatively, in the cascof P/ = benzyl, deprotection of the benzy! estor and resmaval
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of the 5<hlorine or bromine can be achieved simultanscusly by hydrogenalysis ta
give 4.

Preparation of a number of useful intermediates according to this scheme is
described in commonly assigned U.S. Application No. §9/330,128, filed Tunc
11,1999,

Scheme IT )
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Alternatively, the pyrazinone seatfold couldbe prepared as shown in Schems
L. An ester protected glycine, such as P* = ethyl, or beazyl, is reacted with diethyl
oxalaie in & suitable solvent, such as ethano, to give N-(ethyloxalyl)plycinate 5.
Condensation of compound 5 with l-amino-2-hydioxyalkane, such as
1-a4mino-2-propanol, in au appropriate solvent, such as ethanal, occurs to give 6. An
oxidizing agent, such as ruthenium (TIL} chloride, oxidizes aleohol 6 to ketone Tin
ap aqueous solution, Cyclization of 7 provides 3-hydroxypyraxinane 8 in the
presence of trifluoroasetic anhydride in an avidic solvent, such as acelic acid. The
3-hydroxypycazinone B is converted to 3-bromopyrazinoae 9 by reacting with
phasphorous oxybromide in a suitable solvent, such as chloroform. The 3-bromao in
pyrazinone 9 is then displaced by an appropriate amine, such as phensthylaming or
2,2-diffuorophenethylemine, in an appropriate solvent, such as toluene, at high
teraperature to give compound 10. Sapornification of estar 10 to acid £ is carnied oul
by a standard procedure well known in the art. The preferred conditions include
using an inorganic base, for example, lithium hydroxide or potassinm hydroxide, in

2 silable solvent systern, such as methansl/tetrabydrofiran/witer,

JP 2004-504305 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(103)

W) OZRG248 PCTAISN/22302
31-
Scheme IIT
<o
o i i 1. hydrolysis
1 ratection - olysis
" ) 2. :'l'::l:-gh:e I PR 1 fr"ome 2. esterification
B
g ———»
] 3. hydroxyl protagiian ) Me 3. reduction

)

opP?
1" 1z
Q
1. Ho— o;
OH / Q-amine pretecting
PN ] o G group exchange
——
B —‘b——*'"—*'—“““" P™H (i}
) 2. P® removal
1
op® )
13 "
oH
/NHPE . P® removal
PH (i o cycllzation e~ o -
| 2. guanidinylation
3 KRe
an !
15 16
- P H m 0
Pa 1? 1. P? removal of |
- ' o pt e oRb
NTNQW 2. optional R%, RY, R® ramoval | N\”_,NR R
1
NRY
&
A K
17
R
N/Y o
1. 4{from Scheme for &) |
—_— w‘\ o
2. optional R, R®, R removal H H ]
° NReRE
ig ]
NR*

JP 2004-504305 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

Ry

20

25

30

(104)

W) OZHIG248 PCTAISN122302

-32-

In Scheme IfI, aminolacione 11 is protected s benzylcarbamate wnder
standard reaction conditiens well known ig the art. Aminolysis of the protected
aminolactone effects im the presence of an  amine, such as
N Q-dimethylhydroxysmine, and a Lewis acid, such as aluminum chloride or
trupethylalumizum, in & suitable solvent such as  dichloromethane or
1, 2-dichloroethane. The regulting hydroxy amide may be protected as an ether, for
example, tetraltydropyrany] ether, under standard conditions.

Under standard conditions Weinreb amide 12 is converted to alcohal 13
gtepwise, The sequence may include three steps: (1) hydrolysis of the amide 12 to
a curboxylic acid in a basic aleoholic aguenus solution, (2) esterification of the acid
to an alkyl carboxylic ester, and (3) reduction of the ester using an appropriate
reducing agent, such as lithium borohydride. Altematively, the amide 12 may be
reduced to alcohol 13in two steps employing suitable reducing agents. Forexample,
amide 12 may be reduced with lithium aluminum hydride under carefolly controlied
conditions io an aldehyde, which is subsequently reduced to aleohol 13,

Under & standard Mitsunobu condition, alcochol 13 is feacted with
N-hydroxypbthalimide, Remaval of the hydroxyl pratecting group P* 1o give
compound 14 is accomplished by vsing a standard condition, For example, the
tetrahydropyranyl ether may be remaved by treatment with an acid, such as acetic
asid. in a suitable agueols solution, such as water and telrahydrofuras. Exchanging
of O-amine protecting group to secondary O-amine 15 15 achieved by treannent of
the phihalimide 14 with methylamine foliowed by protection of the released amine
w0 carbamate 18, such as rerr-butox yearbunate, in a biphasic sysicm composed of
an organic solvent, such as dichloromethane, and a basic aqueovs phase.

Under the standard Mitsunobu condition, intramolecular cyclization of 15
ocours to give cyelic compound 16.  Preferred conditions include using 2
triacylphosphine, such as tiphenyiphosphine, and an azodicarbonyl reagent, such as
diethy( azodicarhoxylate, in & suitable sol vent, such astetrabydrofuran. Deprotection
of the amino profecting group P* is routinely accomplished using the conveational

conditions. For example, tert-butyloxycarbonyl (Boc) may be removed in acidic
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selutions, such as trifluoroacetic acid in dickloromethane. Guanidinylation of the
resuliing cyclic O-amine may be achicved employing a variety of guanidinylating
reagents  available, such as N,N’-bis{tert-butoxycarbonyl)-
LH-pyrazole-1-carboxamidine.

Deeprotection of the primary amine blocking group P* in 17 is routinely
ascomplished  using  conventional reaction  conditions. For  example.
benzyloxycarbony! protecting group may be removed by catalytic hydrogenation
using palladium on carbon as a catalyst in a solvent, such & methanol o
tetrahydrofusan, Alternatively, whén R R% and R are rerr-butyloxycarbonyl
protecting groups, they can be optionally removed at the same time with the p*
protecting group (P* = Chaz). Strong acids, such as hydrobromic acid in acetic acid,
may be used to effect this operation.

Anzine 18 is coupled with pyrazinene acid 4 from Scheme I or £f in the
presence of a suitable coupling reagent and a base, such a5 Castro’s reagent (BOP)
and diisopropylethylamine, respectively, in a polac solvent, such as
N N-dimethylformamide, When B2, R®, and R® are protecting groups, for example,
1eri-butyloxycarbonyl, these groups ean be optionally removed by treatment with an

acid, usually trifluorcacetic acid, in a suitable solvent, such as dichlaromethane.
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1. P* removal N/Y
2. 4 (from Scheme Tor /) N/H\H/N\)L
W"\
H H

3. optional R¥, RY, RF rgmaoval

Tn Scheme IV, alcohol 24 is reacled with N-hydroxyphthalimide vnder
Mitsunobu eanditions. Preferred conditions include using a triarylphosphine, such
as triphenylphosphine, and an  azodicarbomyl reagent, such as  diethyl
azodicarboxylate, in a suitable solvent, such as tetrahydrofuran. Removal of the
hydroxy! protecting group F* to give compound 21 is acconrplished byusing standard
reaclion condiions. The preferred condition for deprotection of 4-methoxyphenyl
<ther involves using amumonivum cerum nitrate in 2 solvent mixture of acetonitrile
and water.

Unblocking of the phthalimide protecting group is ascomplished by
employing & base, such as mcthviaming, in a suitable solvent, such as ethancl.
Cuanidinylation of the resulting alkoxyamine may be achizsved by using a varety of

gpuanidinyluting rteapgents available, such as
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NN -bis(feri-butox ycarbonyl)- 1H-pyrazole-1-carboxamidine, Intramalecular

cyclization of 22 provides compound 23 veder the standard Mitsunobu condition.

Deprotection of the primary amine protecting group P* (Cbz) is routinely

accomplished by catalytic hydrogenation using paltadium on carbon as a catalyst in

b} a suitable solvent, such as methanol or tewshydrofuran. The resulting amine

compound is eoupled with acid 4 (from Scheme I or IT) in the presence of a suitable

coupling reagent and a basc, such as Castro’s reagent (BOP) and

diisopropylethylamine, respeetively, in a polar solvent, such as

N,N-dimathylformamide. When R?, R?, and R® are proteciing groups, for example,

10 rert-butyloxycarbony! (Boc), these proups can be opticnally removed by treatment

with an acid, uwsually ifluorcacetic acid, in a suiishle solvent, such as
dichloromethane.

The tnvention also rclates to 2 process for proparing a cyclic oxyguanidine

gompound of the invention, comprising:

15 coupling or condensing a compound of formula:
Q
H,l n 9 B® Hyl N Y
| I&\ N—R?
e 4,4
1 f N—RP
N\FF T

or a sult thereof, where R®, R® and R° are as defined herein or opticnally protected,

and n, m and j are as defined herein, wilk a compound of Formula I7;

r?
N/%/ 0
H
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where W, B3, R%, and R¥ are a5 defined herein. Tn general, protecting groups Tor the
R*, R®, and R® groups may be employed where any one of R', R®, and R° arc
hydrogen.

The phannaceutically-acceptable salts of the compounds of Formula £ (in the
form of water- or oil-soluble or dispersible products} include the conventiopal ston-
toxic salts or the quaternary ammonium salts which ate formed, e.g., from jnorganic
or orgaric acids or bases. Exaraples of such acid addition salts include acesate,
adipate, alginate, aspartate, benzoate, benzenesulfonate, bisuifate, butyrate, ciirate,
camphorate, camphorsulfonate, cyclopantancpropionate, digliconate, doedecylsulfate,
cthanesulfonate, fumerate, glucoheptanoate, glycerophosphare, hemisulfaie,
heptanoate, hexanoate, hydrochloride, hydrobromide, bydrojedide, 2-
hydtoxyethancsulfonate, factate, maleate, metbanasulfonate, 2-naphthalenesulfonate,
nicotinate, mitrate, oxalate, pamoate, peétinate, persulfate, 3-phenylpropionate,
picrate, pivalste, propionate, succinate, sulfate, tartrate, thincyanate, tosylate, and
undecamoate. Base salis include amumenium salts, alkali metal salts such as sodivm
and potassivn salts, alkaline earth metal salts such as calcium and magnesium selts,
salts with organic bases such 25 dicyclobex ylamine salis, N-methyl-D-glucamine, and
salts with amino acids such as arpiine, lysine, end so forth. Also, the basic nitrogen-
centaining groups may be quaternized with such agents as lower alkyl halides, such
as methy, ethyl, propyl, and butyl chioride, bromides and iodides; dialkyl sulfates
like dimethyl, diethyl, dibutyl; and dizmyl sulfates, long chain balides such as decyl,
Jauryl, myristyt and stearyl chlotides, bromides and iodides, aralkyl halides like
benzyl and phenethy! bromides and others. Preferred acids for forming acid addition
gals include HCI and acetic acid.

The compounds of the present invention represent a novel class of potent
inhibiiors of metailo, acid, thiol and scrine proteases. Examples of the serine
prafeases inhibited by compoumds within the scope of the invention includc
leukocyts nesitrophii elastase, a prateolytic cnzyme implicated in the pathogenesis
of etophysema; chymotrypsin and trypsin, digestiveenzymes; pancreatic elastase, and
cathepsin G, 2 chymotrypsin-like protease also associated with ieukocytes; thrombin

and factor Xa, proleolytic enzymes in the blood ceagnlation pathway. Inhibition of

PCTAISNIf22302
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thermolysin, a metalloprotease, and pepsin, ap acid protease, are aiso contemplated
uses of compounds of the presentinvention. The compounds of the present invention
are preferably employed to inhibit trypsin-like proteases,

For their end-uss application, the potency and other biochemical paramesters
of the enzyme-inhibiting characteristics of the compounds of l;hc preseat imvention
is readily asceriained by standard biochemical techniques well known in the art. For
example, an end use application of the compounds that inhibit chymotrypsin and
trypsin is in the westrent of pancreatitis. Actual dose ranges for theis specific end-
use application will, of course, depend upen the nators and severity of the disease
state of the patient or amimal to be aeated, as determined by the attending
diagnostician. It is oxpected that a uscful dose range will be about .01 to 10 mg per
kg per day for an effective therapeutic effect.

Compounds of the present invention that are distinguished by their ability lo
inhibit thrombin may be empleyed for 4 nember of therapeutic purposes.  As
thrombin ihibitors, compounds of the present invention fubibit thrombin production.
Therefore, these compounds are useful for the treatment or prophylaxis of states
characterized by abnotinal venous or arterial theombosis invelving either thrombio
production or action. Theso states include, but are not limited to, deep veio
thrombosis; disseminated intsavasculas coagulopathy which occurs during septic
shock, viral infections and cancer; myocardial infarction; siroke; coronary artery
bypass; fibrin formation in the eye; hip replacement, and thrombus formation
resuliing from either thrombolytic therapy or percutaneous transluminal coronary
angiép]ﬂsty (PCTA). Other uses include the use of said thrombin inhibitors as
anticoagulants either embedded in or physically linked to matcrials used in the
manufacture of devices used in blood collection, blood circulation, and blood
siorage, such as cathcters, blood di.alysis machines, blood colleclicn syringes and
tubes, and bleod lines.  The compounds of the present invention may also be used as
an anticoagulant in extracorporeal blood circuits.

Metal stonts have been shown o reduce restenosis, but are thrombogenic, A
stratepy for reducing the thrombogenicity of stents is te coat. embed, adsord or

covalently attach a throrhin-inhibiting agent to the stent surface. The compounds
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of the present invendon can be employed for this purpose. Compounds of the
invention can be attached to, or embedded within scluble and/or biodegradeable
polymers as and thercafter coated onto stent materials, Such pelymers can include
polyvioylpyrolidene, polyhydroxy-propylmethacrylamide-phenol, polyhydroxyethyl
-aspactarnide-phenol, or polyethyleneoxide-polylysine substituted with palmitoy)
residues, polylactic acid, polyglyeelic acid, copolymers of palylactic and polyglycolic
acid, polyepsilon caprolactone, polvhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates and cross linked or amphipathic
block copolymers of hydrogels. See European Application 761,251, Européan
Application 604,022, Canadian Patent 2.164,684 and PCT Published Applications
WO 96/1 1668, WO 96/32143 and WO 90/381730.

By virtue of the effects of thrombin on a host of cell types, such as smooth
muscle cells, endothelial cells and newirophils, the compounds of the present
invention find additional ase in the treatment or prophylaxis of adult respiratory
distress syndrome; inflammatory responses; wound healing; reperfusion damage;
atherosclecosis: and restenosis following an injury such as balloon angicplasty,
alhercetonty, and arierial stent placement.

The compounds of the present invention may be useful in treating neoplasia
and metastasis a8 well as ncuradegenerative diseases, such as Alzheimer’s discase
and Parkinsen’s disease.

When employed as thrombin inhibitors, the compounds of the present
invention may be adwinistered in an effective amount within the dosage range of
about G.1 to about 500 mgfke, preferably between 0.1 10 [0 ma/kg body weight, on
a regimen in single or 2-4 divided deily doses.

When employed as inlibitors of (theombin, the compounds of the present
invention may be used in combinér.ion with thrombolytlic agents such as tissue
plasminogen activator, streptokinase, and urokinase. Additionatly, the compounds
at the present jnvention may be used in combinalion with other anlithrombotic or
anticoagulant drugs such s, but not liinited to. fibrinogen antagonists and

thramboxane receptor antagonists,
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The thrombin inhibitors may also be coupled with soluble polymers as
targetable drug carriers. Such polymiers can include polyvinylpyrrolidone, pyran
copolymer, po]yhydmxy-pmpylmethacrylnmide—phenol, polyhydroxysthyl-
aspartemide-phenel, ar polyethylencoxide-palylysine substituted with palmitoyl
residucs. Furthermore, the thrombin inhibitors may be coupled 0 2 class of
biodegradable polymers aseful in achieving controlled sefease of a drug, for example,
polylactic acid, polyglycolic acid, copolymers of polylactic and polyglycolic acd,
polyepsilon caprolactone, polylydroxy butyric ueid, polyorthoesters, polyacetals,
polyditydropyrans, polycyanoacrylates and cross hnked or amphipathic block
copolymers of hydrogels.

Human leucocyte elastase is released by polymorphosuclear leukocytes at
sites of inflammation and thus is a contributing cause for a number of discase states.
Compounds of the present invention ere expected ta have an anti-inflammatory effect
useful in the treaiment of gout, theumatoid arthritis and other inflammatory diseases,
and in the treatment of emphysersa. The leucocyte clastuse inhibitory properiies of
vompounds of the present invention are determined by the method described below.
Cathepsin G has also been implicated in the discase states of arthritis, gout and
emphysema, and in addition, glomerulonephritis and lung infestations cansed by
infections in the lung. In their end-use application the cnzyme inhibitary propertics
of the eompounds of Formuia £ is 1eadily ascertained by standard bicchomicel
technigugs that are well-known in the art.

The Cathepsin G inhihitory properties of compounds within the scape of the
present invention ane determined by the fellowing method. A preparation of partially
purified human Cathepsin G is obtained by the procedurs of Baugh et af,
Rinchemistry 15:836 {1979). Leukocyte granules arc & major source for the
preparation of leukocyte elasiase and cathepsin G (Chymalr)‘psin—h:ka activity).
Leulacytes are lysed and granules are isolated. The leukoeyte granules are extracted
with 0.20 M sodinm acetate, pH 4.0, and extracts are dialyzed against 0.05 M Tris
buffer, pH 3.0 containing 0,05 M NaCl overnight at 4% A protein fraction
precipitates during dialysis and is isolated by centrifugation. This fraction contzing

mostaf the chymotrypsin-like activity of leukecyte granules. Spocific suhsirales are
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prepared for each enzyme, namely N-5uc-a)a-Ala-Pro-Val-p-nittoanilide and Sue-
Ala-Ala-Pro-Phe-p-nitroanilide. The latter is pot hydrelyzed by leukosyte elastage.
Enzyme preparations are assayed in 2.00 mL of .10 M Hepes buffer, pH 7.5,
containing .50 M NaCl, 10% dimethylsulfoxide and 0.0020 M Suvc-Ala-Ala-Fro-
Phe-p-nitroanitide as a substrate. Hydrolysis of the p-nitroanilide substrale is
monitored at 403 nm and at 25°C,

Tseful dose range for the application of compounds of the present invention
as neutrophil elastase inhibitors and as Cathepsin G inhibitors depend upon the
nature and severity of the discase slate, as determined by the atrending diagnestician,
with a range of 0.01 to 10 mg/kg body weight, per day, being useful for the
aforementioned dissase statos.

Compounds of the present invention that jnhibit urokinase or plasminogen
activator are potentially useful in treating excessive cell growti discasc state. As
such campaunds of ihe present invention may also be useful in the treatment of
‘benign prastatic hyperophy ant prosiatic carcinoma, the wreatment of psoriasis, and
as aboriifacients. For their end-use application, the potency and ether biochemical
parasmeters of the enzyme inhibiting characteristics of compounds of the present
invention are readily ascertuined by standard biechemical techniques well known in
the art. Actueal dose ranges for this application will depend upon the natare and
severity of the disease state of the patient or animal to be treated as deterrnined by the
attending diagnostician, It iz 1o be expected that a general dose range will be about
0.01 to 10 myg per kg per day for an effective therapeutic effect.

Additional uses for compounds of the present tnvention include analysis of
commercial Teagent enzymes for active site concentration. For cxample,
chymotrypsin is supplied as a standard reagent for use ir-J ciinical quantitation of
chymatrypsin activity in pancreaticj-uiccs and feces. Such assays are diagnostic for
gastrointestinal and pancreatic disorders. Pancrealic elastase is aiso supplied
commercially as 2 reagent for yuantitstion of -antitrypsin in plasma. Plasma «-
antitrypsin increases in concentration during the course of several inflammatory
diseases, and o-aniitrypsin deficiencies are associsted with increased incidence of

fung discase. Compounds of the present invention fen be used to enhance the
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accuracy and teproducibility of these assays by titrametric standardization of the
commercial elastase supplied as 2 reagent, See, U.S. Patent No. 4,499,082

Protease activify in certain protein extracts during purification of particular
proteins is a recurting probler which can complicate and compromise the results of
protein isolatien procedures. Certain prateases present ic such extracts can be
inhibited during puritication sieps by compounds of the prasent invention, which
bind tightly to various proteolytic enzymss. :

The pharmacentical compositions of the invention canbe administered wany
animal that can experience the beneficial effects of the compounds of the inventen.
Foremost among stch animals are humans, although the invention is not intended to
be 50 Himited.

The phammacentical compositions of the prasent invention can be
admipistered by #ny means that achieve their intended purpese. For exarple,
administration ¢an be by parenteral, subouianecus. intravenous, intramuascular,
intraperitoneal, transdermal, buceal. or ocular routes. Aliermnatively, or concurrently,
administration can be by the oral route. The dosage administered will be degendent
upon the age, health, and weight of the recipient, kind of concurrent treatment, if any.
frequency of treztment, and the naturs of the effect desived,

In addition to the pharmacologically active compounds, the new
pharmacentical preparations car contain suitable pharmaceutically acceptablecarrters
comprising excipients and auxilimies that favilitate processing of the active
compeunds into preparations that can be used phanmaceaticatly.

The pharmacentical preparations of the present invention are manufactured
in a manmer that ia, itscif, known, for exanple, by means of conventional mixing,
pranulating, dragee-making, dissolving, or Iyophilizing processes. Thus,
phacmaceutical preparations for oral use can be obtained by combining the active
compaunds with solid excipients, optionally grinding the resulting muixture and
processing the mixture of granules, after adding suitable snxiliaries, if destred or
necessary, 1o obtain tablets or dragee cores.

Suitable excipients are, in pasticular, fillers such as saccharides, forexample,

lactose or sucrose, mannital or sorbirol, celluiose preparations andfer calcium
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phosphates, for example, tricalcicn: phosphate or czlcivm hydropen phosphate, as
well as binders, such as, starch paste, using, for example, maizs starch, wheat starch,
rice starch, potato starch, gelatin, tragacanth, methyl cellulose, hydroxy-
propylmethylcellulose, sodium  carboxymethylcellulose, andfor palyvinyl
pymrolidone.  If desired, disintegrating agents can be added, such as, the above-
mentioned  sterches and  also carboxymethyl-starch, cross-linked  polyvinyl
pywrolidone, agar, of alginic acid or 2 salt thereof, such es, sodium algivate.
Auxiliaries are, above all, flow-regulating agents apd fobricants, for example, silica,
tale, stearic acid or salts thereof, such as, magnesium stearate or calcium stearate,
andfor polyethylene glyeol. Dragee cotes are provided with suitable contings that,
if desired, ars resistant to gastric juices. For this purpese, concenrated saccharide
solutione can be used, Which may opronally contain gum arsbic, lale, polyvinyl
pyrrolidene, polyetbylene glyeol, and/or dtanjum dioxide, lacquer solutions and
suitable organic solvents or solvent mixtures. In order to produce coatings resistant
to gasiric juices, solutions of suitable cellulose preparations, such 2s, acetylcellulose
phtbalate or hydroxypropylmethyl-cellulose phthalate, are used. Dye stuffs or
pigments cen be edded to the tablets or dragee coatings, for example, for
identification or in order to characterize combinations of active corpennd doses.

Qther pharmaceutical preparations which can be used orally include push-fit
capsules made of gelatin, a5 well as soft, sealed capeules made of gelatin and a
plasticizer, such as, glycerol of sorbitol. "Ihe push-fit capsules can contain the active
compovnds in the form of granules that may be mixed with fitlers such as lactose,
hinders such as starches, andfor lubricants such as talc or magnesium stearate and,
optionally, stabilizers. In soft capsules, the active compounds are prefexably
dissolved or suspended in suitable Hquids, such as, fatty oils or liquid peraffin. In
addition, stabilizers may be added,

Suitable formulations for parentaral administration include agueous solutions
of the active compounds in water-soluble focm, for exampie, water-zoluble safts.
alkaline solutions and cyclodextrin inclusion complexes. Especially preferred
alkaline salts are ammonium salts prepared, {or example, with Tris, choline

hydroxide, Iiis-Tris propanc, N-methylglueamine, ot argining. Oneormore modified
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or unmeodified cyclodextring can be employed to stabilize and increase the water
solubility of compounds of the present invention. Usefel cyclodextring for this
purpose are disclosed in U.S. Patent Naos, 4,727,064, 4,764,604, and 5,024,998,

Tn addition, suspensions of the active compounds a3 appropriate oily injection

suspensions can be administered. Suitable lipophilic solvents or vehicles include

fatty ails, for example, sesame oil, or synthelic fatty acid esters, for example, ethyl

oleate or triglycenides or polyethylene glycol-400 (the compeunds are soluble in
PEG-400). Aqueous injection suspensions can contain substances that icrease the
viscosity of the suspension, for exampie, sodivm carboxymethyl cellulose, sorbitol,
and/or dextran. Optionally, the suspension may also contain stabilizers.

Comnpeunds of Formula 7 can be Jabeled with radioactive iodine by using an
cachange reaction. Exchange of hot iodine for cold iodins is well known in the art.
Alternatively, a radio iodine labeled compound can be prepared from the
cortesponding brome compound viaa tributylstannyl intermediate. See, U.S. Patent
No. 5,122,261, herein incorpporated by reference.

The present invention also inclndes compasitions which are useful for &2 vive
imaging of thiembi in & mamma!, whetetn the compositions are comprised of a_
compound of Fermula f compiexed with 2 radioactive atom.

For the compounds of Formula 7, suitable radiosctive atoms include Co-57,
Cu-67, Gu-67, Ga-68, Ru-97, Te-49m, Tn-111, Tn-113m, Hg-197, Au-198, and Pb-
203. Some radicactive atoms have superior propertics for use in radiochemical
fraging techniques. In particular, techoetivm-99m (Te-99m) is an ideal radicactive
atom for imaging because of its auclear properties. Itis a gamma emittex and has a
single photon energy of 140 keV, a half-life of shaut 6 howrs, and it is readily
available from a Mio-99/Tc-99 gencrator. Rhenium-186 and -188 also have gumma
emisston ‘whz’ch allows it to be imaged. Prefemmed compositions contain the
radioactive atom, Tc-9%m.

Compositions of the present invention are conveniently prepared by
complexing a compaund of Formula I with radicisotopes which are suitable for

detection extermally, The gamma emitters, indium-111m and technetinm-99m, are
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preferred us radioactive atoms because they are detectable with & gamma camera and
have favorable half-lives in vivo.

The compounds of Forraula f can be labeled by any of the many techoiques
known in the art to provide 2 compasition of the present invention. For caample,
these compounds can be labeled through 2 chelating agent such as disthylene-
triaminepentaacetic acid (TPA) or metallothicnein, both of which can be covalently
attached to the compound of Formula 1.

Tn gencral, the compositions of the present invention containing technetior-
99m are prepared by forming an 2queous mixture of technetom-99m and a reducing
ageat and a water-soluble ligand, and fhen confacting the mixtore with a compound
of the present invention represented by Formula . For example, the imaging
compounds of this invention ate made by reacting technetium-29m (in an. oxidized
state) with the compounds of the present invention: having a chelating means in the
presence of a redueing agent to form a stable complex between lectmetium-99m in
a reduced state (TV or V valence stuts). i

One embediment of the composition of the present invention is prepared by
labeling a compound of Pormula £ having a DTPA chelating means with technetium-
99m. This may be accomplished by combining a predetermined amount (a8 5 pg to
0.5 mg) of compound of the present invention with an agueous selution containing
Cilrate buffer and stannous Teducing agent, fhen adding freshly chited sodium
pertechnetate containing a predetermined level of radioactivity (es 15 mCi). Afier
allowing «n incubation of the mixture at room temperalure, the reaction mixiure is
loaded ino a shielded syringe through a stetile filter (0.2-0.22 wicren), then is
dispensed inte 0.9% saline for injection, if desired.

Another embodiment of the compositions of the present invention is prepared
by tabeling 2 compound of Formula £ having a metallothicnein chelating means with
technetium-99m. This may be accomplished by combining aqueous sodinm
pertechnetate-99m with aquesus stannaus glucoheptonate i form a saluble complex
of technetium-99m (in reduced state) with two glucoheptonate molecules, then
combining this solution with a compeund of the Formuta  having a metallothionein

attached thereto.  Alter incubating the mixture for # peried of tirse and under
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couditions which allow for an exchange of the technetiom-9%mn from the
glicoheptonate complex 1o the metallothionsia of the compound of Formula T, the
technetivm-labeled composition of the present nvention js formed.

The source of techoetiurn-99m should preferably be water soluble. Preferred
sources anc alkali and alkaline earth metal pertechnetate (TeO,™). Technetium-99m
ts most prefecably obtained in the form of fresh sodium pertechnetate from a sterile
technetium-29m generator (2s {rom 4 conventional Mo-99/T¢-99m generator}.
However, any other sourcs of physiologically acceptable tachnetium-95m may he
used.

Reducing agents for use in the methed are physiclogically acceptable for
reducing technetium-99m frorm its oxidized state to the TV or V valence state ar for
reducing rhenium frofo its oxidized state, Reducing agents which can be used are
stannous chloride, stannous fluoride, stannous glucoheptonate, stannous Lartarats, and
sodinm dithionite. The preferred agents are stannous reducing agents, sspecially
stannous chlorids of stannous glucoheptonate. The amount of reducing agentis that
amount necessary to reduce the technetium-99m to provide for the binding to the
chelating means of a compeend of Fopmula 7 in this radioisotope's redused state.
For example, stannous chioride (3nClg} is the reducing agent and ean be ased in
range from 1-1,000 pgfml. Bspecially preferred concentrations ar: about 30-500
po/mL.

Citge acid complexes with technetium-99m quickly to form 2 stable
technetium-99m-citrate complex. Upon contact with a corapound of Formaa I,
subsrantially quantitative transfer of technetium-99m from its citrate complex to the
cheiating means of the compound of Formula I is achieved rapidly and under mild

conditions. The amount of citric acid (as sodium citrate) can range from about 0.5
mg/ml up to ihe amount maximally soluble in the medium. Preferred amounts of
citric acid range from. 15 to 30 pa/mi.

The ameunt of compand of Formula  having 2 chelating means can range
from (.00 to about 3 mg/mL, preferably about 0.017 o about 0.15 mghnL. Finally,

technetium-98m in the form of pertechnetate ¢an be used tn amaunts of prefarably
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about 1-50 mCi. The amount of mCi per mg of compound of the present inventjon
is preferably about 30-150.

The reaction betwesn the compound of Formula £ and the metal ion-ransfer
ligand cornplex is prefersbly carried out in a aguecus sohution at a pH at which the
compound of Forrmla 7 is stable. By "stable”, it is meant that the compound remains
soluble and retains its inbititory activity against o-tirombin, Wormelly, the pH for
the reaction will be from sbout 5 o 9, the preferred pH being above 6-8. The
(echnetiem-99m-ciirate complex and a compound of Formula ¥ ace incubated,
preferably at a temperature from about 26°C to ghout 607C, most preferably from
about 20°C 16 about 37°C, for a sufficient amount of time 1o allaw transfer of the
metal ion frore the citrate complex to the chelating means of the compound of
TFormula I, Generally, less than one hour is sulficient to complete the transfer
reactzen under these conditions.

Alternative compositions of Lhe present invention inciude an In-111 labeled
compound of the present invention.

The present invention also inclades corapositions of the compounds of the
present imvontion which are useful for iz vive imaging of thrombi in & mammal,
comprised of a compound represested by Formula I complexed to a paramagnetic
atorL.

Preferred patamagnetic atoms are divalent or trivalent fons of elerments with
an atomic noraber of 21 to 29, 42, 44 and 58 te 70, Suitable ions include
chromivm(LL), manganese(), sron(TT}, iron(L), cobalt(li}, nickel{Il), copper{Il},
prascodymi umi(TIT), neodymium (L), samariun(JiD) and yiterbium(TTE). Because of
their very strong magretic moments, gadolinium(I), terbinm{ 1), dysoprosium(Ii),
helmium(I), and erbium(Ill) are preferred.  Especially preferred for the
paramagietic atom is gn(lolinium(]i’l).

The comppositions of the present inventioa may be prepared by combining a
sompound af Forrula J with a paramagnstic atom. For exarnple, the metal oxide or
ametsl salt (For example, nitrate, chloride or sulfate) of a suitable paramagnetic alom
is disgotved or suspended in a medium comprised of water and an aleohol, such as

methyl, sthyl or isopropyl alcobel. This mixture is added 10 u solution of an
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equimotar amount of the compound, of Forsnula I in & simitar 2queous medium and

stired.  The Teaction mixture miay be heated moderately untl the reaction is

completed.  Iesoluble compositions formed may be isolated by filtering, while

soluble compositions may be tsolated by evaporation of the solvent. If acid groups
on the chelating means are stifl present in the composition of the prezent invenfion,
inerganic or erganic bases, and even aminb acids, may be added to convert the acidic
complex into anentral complex ta facilitate tsolation or purification of homogenous
composition. Oraanic bases or basic amino ucids may be used asneutralizing agents,
& well s Jnorganic bases such as hydroxides, carbonates or bicarbonates of sodiurz,
polassiom or lithiurm.

The present invention aiso include diagnostic compositions which are useful
for in vivﬁ imaging of thrombi in a mammal, comprising a phammaceutically
acceptable carrier and a diagnostically effective amount of compositions derived
from the compounds of Pormuta 1.

The "diagnostically effective amount™ of the compuosition required as a dose
will depend on the route of administrasion, the type of mammal being treated, and the
physical characteristics of the specific maminal under consideration. These factors
and theirrelationship to determining this dose aro well known to skilled practitioners
in the media) diagnostic arts. Also, the diagnestically effective amount and msthed
of aciministration can be tailored to achieve optimal efficacy but will depend on such
factors as weight, diei, concurrent medication and other factors which those skilled
in the medical arts will recognize. Tn any regard, the dose for imaging should be
sudficient for.dc!ecling the presence of the imaging agent at the site of a thrombus in
question. Typically, radiologic imaging will requize that the dose provided by Lhe
pharmaceutical compasition position of the present inveption be about 5 ta 20 pCi,
preferably about 10 pCi. Magne,ti(.: resonance imaging will require that the dose
provided be about 0.001 (o 5 mmsle/kg, preferably about 0.005 to 0.5 mmole/kg of
n compound of Fermuta I complexed with paramagnetic atom. In either case, it is
kaown in the art that the actual dose will depend on the Iocation of the thrambus.

"Pharmaceutically acceptable carriors” for in vivo use are well known it the

pharmaceutical art, and are described, far example, in Eemington’s Pharmaceutical
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Sciences, Mack Publishing Co. (&. . Gennarc edit. 1985). The pharmaceutical
compositions of the present invention may be formulated with a pharmaceutically
acceptable carmer to provide stedle solutions or suspensions for ijectable
administration. In particular, injeotzbles can be prepared in conventional forms,
either as liquid solutions or suspeasions, solid forms suitable for solution or
suspensions inliguid prior to injection, or as emulsions. Snitzble excipients are, for
example, water, saline, dextrose, mannitol, lectose, lecithin, albumin, sodium
glutamate, cysteine hydrochlorido, or the like. In addition, if desired, the injectable
pharmacentical compositions may contain minar wnounts of nontoxic auxiliary
substances, such as wotting agents, pH buffering agents, and the like. If desired,
absorption enhancing preparations (.g., liposomes) may be atilized.

The present invention also encompasses diagrostic compositions prepared for
starage or administration. These would additionafly contain preservatives, stabilizers
and dyes. For exaraple, sodium benzoate, sorbic acid and esters of phydroxybenzoic
acid may be added as preservatives. Id. at 1449. In addition, antioxidants and
suspending ugents may be used.

The #n vive imaging methods of the present invention also offer several
advantages aver previous imaging (echniques for the detcction o momtoring of the
presence, size, regressien or increase of a thrombus. In partcular, the present
invention provides compounds, compositions and diagnostic compositions have been
desipned to bind extremely tightly to the thrombin associated with 2 thrombus and
thereby reduce "background” due to circulating radicactivity or paramagretism
arising from nabound imaging agent. Furthermore, invive imaging by intracoronary
injection of the compounds, compositions or diagnostic compesitions of the present
invention, is expected (o be almost instantaneous since these imaging agents would
saturate the thrombin bousd to the thrombus immmediately.

Accordingly, the present invention also includes metheds for in vive imaging
of athrombus in a mammal, comprising the steps of: (1} administering to 1 mammal
a diagnostically acceptsble amount of a compound, cemposition, ot diagnostic

composition of the present invention and (2) detecting a thrombus in a blood vegsel.
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The term "in vivo imaging” as vaed herein relates to metheds of the detection
of a thiombus in 2 mammal, a5 well as the moniforiog of the size, location and
aumber of thrombi in a mammal, a8 well s dissolution or growth of the thrarbus.

In employing the compeunds, compasitions or diagnostic cormpositions in
vive by this methed, "administering” is accorbplished paremerally, in either a
systemnic or local larpeted manner, Systemic administration is accomplished by

injecting the compounds, compositions by diagnosiic compositions of the present

invention into a conveniont and accessible vein or artery, This includes but is not

limited to administration by the ankecubural vein, Local targeted administration is
accomplished by injesting the compounds, compositivos or dizgnostic compositions
of the present invention proximal in flow to 2 vein or astery suspecied to contain
theombi distal to the infection site. This includes but is not limited to dircetinjection
into the coronary arterizl vasoulaturs to image coronary thrombi, into the caratid
artery to image thrombi in the cerebral vasculature, or inte & pedal vein to image deep
vein thrombosis of the leg.

Alsa, the memmer of delivery of a composition of the present invention o the
site of 2 thrombus is considered Within the scope of the term "administering”. For
example, a compound represented by Formula [ having a chelating means aftached
thereto may be infected inta the mammal, followed at a later time by the radicactive
atom. therchy forming i vive at the site of the thrombus the compasition comprising
the compound of Formula ! camplexed to radioactive atom. Alternatively, 2
composition comprising the compound of Forinula I complexed to radicactive atom
way be injecied into the mammal.

The "diagnostically effective amount” of the compounds. compositicns or
diagnostic compesitions used in the methods of the present invention will, us
previously mentioned, depend on the route of administration, the type of mamnal
being trealed, and the physical characteristics of the specific mammal under
treatment. These tactors and their relationship to determining this dose are well
known to skilled practitioners in the medical diagnostic aris. In any regard, the dose
for iz vive imaging should be sulficieni for detecting the presence of the imaging

agent at the site of athrombus inquestion. Typically, radiologic imaging will require
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that the dose provided by the diagnostic composition of the present invention be
ahaut § 1o 20 gCi, preferably about 10 pCi. Magnetic resonamee imaging will require
that the dose provided by the dizgnostic composition be about 1801 to's mmole/kg,
preferably about 0.005 te 0.5 mmole/kg of acompound of Formuia f complexed with
patamagnetic atom. In ejther case, it is known in the art that the actual dose will
depend on the Jocation of the thrombus,

The detecting of & throrabus by imaging is made possible by the presence of
radicactive or puramageetic atoms Jogalized at such thrombus.

The radioactive atoms associated witli the eompasitions and diagnostic
compositions of the prescat invention are proforably imaged using & radiaton
detection means capable of detecting gamma radiation, such as a garmma camera or
the like, Typfcally, radiadon imeging camerss employ a conversion mcdium
(whetein the high energy gamma ray is absorbed, displacing an electron which emits
a photon upon its retusn to the osbital state), photoclectric detectors arranged in a
spatial detection chamber (1o determing the positian of the emitted photons), and
ctrenitry to analyze the photons detested in the charaber and produce un image.

The paramagnetic atoms associzted with the compositions and diagnostic
compositions of the present invention are detected in magnelic resonance imaging
{MRT) systems. In such sysiems, 2 strong magnetic field is used to align the nuclear
spin vectors of the atoms in & paticnt’s body. The field is disturbed by the presence
of paramagnetic atoms lacalized at a thrombus and an image of the patient is rwad as
the nuclei return to their equilibrium alignments.

The following examples arc illustrative, but not lmiting, of the method and
compositions of the present invention. Other suitable modifications and adaptations
of the varicty of conditions and parameters normally encountered and obvious to

those skilled in the art are within the spirit and scope of the invention.
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Example 1

N-(2-Carbumimidayl-{1,2 joxazinen-5-yl)-2-{G-methyl-2-ox0-3-(2-p-tolylethyl-
wnine)-2H-pyrazin-I-yl)-aceiamide friftuoroucelate

=T 0 wajfwm

L Benzyl-N-(I-cvanoeihyl)glycine kydrockloride
Trimethylsityl cvanide (4.0 miL, 30 mmol) was added cautiously (o a stirred
solution of henzyl glycine free base (5.0 g, 30 mmoi) and acetaldehyde (1.7 mi, 33
mmol) in dichloromethane (15 mL) under argen atmosphere.  After 15 hours, the
volatile components Were removed in vaeue, and the residue was dissolved in sibiyl
aperate (200 ml.), washed with brine {100 mL), dricd (Na,80,) and evaporated to an
" ofl. The oil was redisselved in ether (30 mL} and ethanol {30 ml.), and I MEClin
ether (33 ml) was added dropwise to give the title compound as an off-white
crystalline precipitate (6.60 g, 100%), wp: 137-138 °C. 'H NMR (CD,0D) §
731748 (m, SH), 532 (s, 2 H), 4.68 (g, LI, ) =7.0 Hz}, 422 (s, L HN, 1.73 (4. 3
H, T=7.1¥iz). CL MS m/e = 192 (M + H). Anal. Caled. for € N,0 HOL €,
56.45; H, 5.95; N, 11.00. Found: C, 56.32; H, 5.88; N, 10.80,

2. 1-Bengyloxyearborylmethyl-3,5-dichloro-G-melltiylpyrazinane

A stirred mixtore of oxalyl chloride (33 ml, 60 mmol) and
benzyl-N-{1cyanoethylglycine hydrochloride (3.82 g, 15 mmol), as prepured in the
preceding step, in 1,2-dichlorobenzene (30 mL) was heated to 100 °C overnighl. The
golvent was evaporated in vacwo and the residue was purified by flash column
chromatography lo give a solid. 209 Ethy! acctate In hexane (109 mLY was added

and the solid was coliected to give the Litle compound as an orange orystalling solid
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(271 5, 55%3 T NMR (CDCL,) 5 7.38 (m, 5 H), 5.24 {5, 2FD), 4.89 (5, 2 H), 234 (s,
3 H),

3 F-(2-d=Tolylethylamine)-5-chigro-6-methiyl-1-(henzyloxycarborylmethyl)

pyrazinone

A solution of 1l-benzyloxycarbonylmethyl-3,5-dichloro-
6-methyipyrazinone (656 mg, 2.00 mynol), 25 prepared in the preceding step,
4-methylphenctbylamine (380 mg, 2.81 mmol), tricthylamine (405 mg, 401 mmol),
and ethyl scctate (20 oil) was refluxed ovemight. After cooling to room
temperature, the solution was washed with 10% citric acid (x 2). The aqueous
solutions were back extracted with dichloromethane. The eombined organic layers
were dried (¥a,S0,) and coniracted (o give the title compound as a yellow solid (854
mg, 100%). "M NMR {CDCL,) 8 7.38-7.32 (m, 5 H), 7.12 (8, 4 H), 6.09 (s 1H}.5.21
(5,2 H),4.79 (s, 2 H). 3.65 (dd, ZH, [ =70, 3.0 Hz), 2.88 (1, ZH, ] = 7.1 Hz), 2.32
(5, 3H),2.21 (5, 3H).

4, 3-(2-4-Tolylethylamine)-G-methyi-1-(carboxymethylpyrazinonce

A mixture  of  3-{2-4-tolylethylaming)}-3-chloro-G-methiyl-1-
(henzyloxycarbonylmethylpyrazinone {854 mg, 2.00 mwnol}, as prepared in the
preceding step, potassivin hydroxide (452 mg, 8.00 mmol}, 10% paliadiumon carbon
{254 mg) in tetrahydrofuran (20 mL). methanol (30 mi), and water (7 mL) was
stirted under hydrogen balloon for three days. The mixture was filterad through
Clelite. The filtrate was adjusied to pH 2-4 with 10% HCI and concentrated to about
2 mL undes reduced pressure. The white solid which precipitated from the solution
was filrered, washed with @ small amount of water, and dried to give the title
compotnd (137 mg, 22.7%). "H NMR (CDCL) & 720 (d, 2 H, T = 7.5 Hz), 7.10d,
2 H,1=78Hz}, 6.70 (5, I H), 4.7L {s, 2 H), 2.87 {m, 2 H}, 2.50 {m, 2 H), 2.26 (s,
3B),2.15(s, 3 ).

JP 2004-504305 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

20

(125)

WO 006248 PUTIUSOTRTI0Z

-53.

X N-{2-Cxo(3-3,4,5-trifpdrafurpl))phenylmethoxy)carboxamide

To a rapidly stirred mixture of z-amino-y-butyrelactons hydrobromide (6.06
&£, 33.3 mmol), soditn bicarbonate (14.0 g, 167 mumol), dichloromethane (50 mlL),
and waler (50 mL) was added a solution of benzyl chloroformate (7.0 ml, 46.6
mmol) in dichloromethane (20 ml} deopwise via an additional funnel at roam
teruperature. The selution was stirred overnight and then filteved. The filtzate was
separated and the aqueocns tayer was extracted with dichloromethane. The combined
organic layers were dried (Na,30,), concentrated, and flash chaomatographed to
provide the title compound 25 a white solid (7.33 g, 93.7%). ' NMR (CDCL) &
7.41-7.31 (m, SHD, 5.32 (sbr, T H), 5.14 {3, 2H}, 4.49-4.37 (m, 211 4.30-4.22 (mn,
1 H), 2.84-2.76 {1, 3 ), 2.29-2.14 (m, 1 H),

5. #-Hydroxy-N-methoxy-N-methpl-2-[(phenylmethaxyeurbonylanina j
butenamide

To a suspension of alumizwm chlogde (4.30 g, 32.3 mipol) in anhydrous
dichioromethane (200 mL} at 4°C was added ¢rdethylamine (6.52 g, 64.6 mmol) in
mbout 14 minutes. After completion of the addition, the cooling hath was reraved
and the hompgeneous solution was stirred for 15 minutes. The product (5.06 g, 21.5
mmol) of the preceding step and MLO-dimethyl hydroxyamine hydrochleride (2.32
g. 25.8 mmel) were added at rooie termperature. A.l‘tGr stiring for 5 hours, the
reaction was quenched with water dropwise at 4°C and stirring was conlinued for
gnother 0.5 hours. The raixture was filtered, the filtrate was separated, and the
aqueos layer was extracled with dichloromethane. The combined organic phases
were washed with water, dried (N2,80,), concentvated, and flash chromategraphed
to give the title compound a8 a cloar ofl (393 g, 93.0%). 'H NMR (CDCL,) &
737-7.32(m, 5 1), 5834d, 18, T =80Hz), 5.12{d, 2H, T =43 Hz), 4.87 (m. 1 H),
378 (5,3 H), 3.73-3.65 (m, 2 H), 3.22 (5, T H, 3.1L {4, 1 H, ¥ = 6.6 H=), 2.10-2.05
(m, 1 H), 1.65-1.55 (m, 1 H).
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7. N-mathoxy-N-pethyl-4-perkydro-2H-pyran-2-ytoxy-2-[(phenylmethoxy)
carbonylamino foutananiide :

A solution of the product (2.43 g, 8.21 mmoly of the preceding step,
3 4-dihydro-2H-pyean (2.07 2, 24.6 mmo}), and pyridinium p-toluenesulfonats £200
mg, 0.796 mpol) in dichloromethane (50 mL) was stirred at room temperatare
overnight.  Water was added and the aguecus layer was extracted with
dichloromethsne, The combined organic phases were dried {Na;80,} and
concentrated to give the fitle compound a5 a yellow oil (3.00 g, 96.2%). T MM
(CDCI,) &7.37-7.30 (m, S 11), 5.76 (¢, 1 H,J=8.1 Hz), 5.16-5.03 {m, 2 1), 4,.85-4.81
(m, 1 H),4.58 (s, 1 H), 3.89-3.81 (m, 1 H),3.79 (5,3 H),3.51-3.40{m, 2 H), 3.22 (s,
3 1), 2.25-1.50 (rm, 9 H).

& N-f2-Hydroxy-1-12-perhydro-2H-pyran-2-yloxyethyllethyl]-
(phenyimethoxy)carboxamide

The product (2.86 g, 7.53 mmol) of the preceding step in ethyl alcohal (60
mL) and water (13 mL} was treated with potassiurn hydroxide (1.69 g, 20.2 mmol)
at room temperatore avernight, After removal of ethyl alcoho) under reduced
pressurs, the residue was diluted with dichloromgethane and acidificd 1o pH - 3 with
10% Nydrochlosic acid. The organic layer was separated and the agusous layer was
exructed with dichloromethane. A yellow oil (2.36 g, 93.09%) was obtained after
drying and rerwoval of dichloramethiang in vacro. To this oil (2.36 g, 7.00 mmol} in
acetone {100 mL) was added potassium carbonate (1.94 g, 14.1 mmol} and
iodomethane (1.30 mi., 209 mmol). The reaciion mixture was heated at 00°C
overnight and filtered. The filirate was concentrated and the residue was partitionad
between dichloromethane and water, Deying and evaporation of solvent produced
a yellow oil {2.30 g, 93.69), which was diluted with tetrahydrofuran (30 mlL) and
treated with 2.0 M lithium berohydride (4.0 mL, 8.0 mmal) for 2.5 hours at room
temnperature. "Lhe reaction was quenched with a few drops of water. Brine and
dichloromethane work-up, drying and removal of solvents yielded the title compound
as 2 yellow ail (2.00 g, $4.5%). " NMR (CDCL,) 8 7.38-7.29 (m, 5 H), 5.47 (n, 1
H), 5.10 (s, 2 H}, 4.59-4.52 {m, | H}, 3.92-3.65 (m, 5 H), 3.53-346 (m, 2T,
2.99.2.04 {m, 1 H), 1.98-1.49 (m, 8 H.

PCTAISNIf22302
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a. N-f1-{(1,3-Dioxaiseindalin-Z-yloxy)methyl]-3-perhydra-2H-pyran-2-yi-
exypropyi}(phenylmethoxylcarboxaride

To asclution of the product (2.00 g, 6.19 mmol), as prepared in the preceding
step, triphenylphosphins (2.23 g, 8.51 mmel), N-hydroxyphthalimide (1.28 g, 7.85
mmol) and tetrahydrofuran (100 mL) was added diethyl azodjcarboxylate (1.5 o,

9.53 pumol), After stirring at room termperatnre overnight, the reaction solution was

" concentrated and flash chromatographed (Si0,) to give the title compound as a

yellow oil {2.84 g, 98.0%), "HNMR (CDCly) §7.85-7.81 (0, 2 H), 7.79-7.74 ¢m. 2
T4, 7.35-7.29 (m, 5 H), 6,45 (a(br, 2 H), 5.77-5.75 (m, 1 1), 5.11-5.0% (m, 2 H),
4.61-4.58 (m, 1 H), 4.45-4.40 (m, 1 H), 4.16-4.08 (m, 1 1}, 4.00-3.78 (in, 2 H),
362346 fm, 2 H), 2.13-2.07 n, 2 H), 1.78-1.47 (m, 6 H).

10, N<fi-f(1,3-Disxoiseindolin-2-yloxy)methyl]-3-kydroxyprapyli-
)

I, T 1 I
(rhen foxy)eard

A sofution containing the product of the preceding step (290 mg, 0.620
mumol) in acetic acid (& L), tetrabiydroforan (4 mL) and water (2 mL) was heated
at 55 °C for 3 howrs. After concentration, flash chromatography of the residue
provided the title compound a3 a white salid (225 mg, 94.6%). 'HNMR (CDCL) 5
7.87-7.84 (m, 2H), 7.79-7.76 (m, 2 H), 7.39-7.35 (m, 5 H), 6.00-5.98 (m, 1 H}, 5.20
(@, 15, 7= 123Hz, 511 (d, LH, =123 Hz}, 4 45 (dd, 1 TI, T = 4.4, 6.8 Hz).
4.26-4.14 fin, 2 H), 3.80-3.70 {ra, 2 [), 3.08-3.04 {m, 1 H), 2.02-1.79 (m, 2 T1).

1. N-(I-{l{tert-Butoxyjcarbarylaminooxy jutethyli-3-Tydroxypropyl)-
{phenylmethoxy)carboxamide

A solution of the praduct {4.10 g, 10.7 mmol), as prepared in the preceding
step, tetrahydrofucan (46 mL), and methanol {40 ml) was beated with 40 wt.%
methylamine in water (19 mL, {16 msmal) at room temperature for 1.5 hours. The
solvenls were evaparated, and a white solid was filtered and washed with dicthyi
ether. The filtrate was concontrated to & yetlow il To a solution of the yellow oil,
sadinm bicarbonatz (180 g, 21.4 mmal}, dichloromethane {40 wl) and water (30
mL} was added dropwise a solution of di-zert-butyldicatbonate (3.00 g, 13.7 mmal)

in dichloromethaue (8 ml}. After overnight at room teruperature, the organic phase

JP 2004-504305 A 2004.2.12
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was scparated and the agueous phase was extracted with dichloromethane. The
organic layer was diied, concentrated, and flash chromatographed to provide the title
compound as a white semi-solid (3.20 g, 84.7%, 2 steps). YHHNMR {CDCly) & 7.44
(s, 1 H), 7.37-7.30 (m, 5 FD), 5.79 (4, 1 B, I = 7.7 Hz), 5,13 (d, 2 H, T = 3.1 ITz),
4 13-4.06 (m, 1 H), 3.98-3,89 (m, 2H), 3.70 (m, 23T}, 1.85-1.78 {m, 1 H}, 1.70-1.62
fm, 1 H), 1,47 (s, 9 H).

12, tert-Butyl  5-{(phenylmethuxy)earbonylaming)-1,2-oxazaperhydroine-
2-carboxylate

To azolution of the prodvct (3.20 g, 9.04 mmol) of the preceding step,
triphenylphosphing (5.21 g, 19.9 mimol) and tetrahydrofuran (120 mL) was added
diethy] azodicarboxylate (3.2 mL, 20.3 mmol) at 4 °C. After stirring at 4 °C to roant
temperature for 3 hours, the sclvent was evaporated and the residue was flash
chromatographed to give the iitle compound as a yellow oif (2.50 g, 823%). H
NMR (CDCL) $ 7.40-7.30 (m, 5113, 5.10 (5, 3 ), 4,16-4,08 (m, L H}, 3.93 Gm, LH),
3.75-3.63 (m, 3 H), 2.01-1.91 (m, 1 H), 1.70-1.64 (u, 1 H), 1.49 (5, 9 H). Mass
spectrum (LOMS, BSI) calod. for CHy ;00 339 (M + Na). Found: 359.

13, N-(1,2-Oxazaperhydrein-Soli(phenylnethoxy)carboxamide

A solution of the product (2.30 g, 6.83 mmol) of the preceding step in
trifluotoacetic acid (10 ml) and dichloromethane (30 mL) was stitred at room
lemperzature for 1.5 hours. After concentration i vacus, the cesidue was partitioned
hetween dickiloromethane and saiurated sodivm bicizbonate. The organic phase was
dried, concentrated, and flash chrematopraphed to give the Htle compound 25 2 white
solid {1.01 g, 62.5%). “H NMR {CDCk) § 7.37-7.32 (m, 5 H), 5.10 (5, 2 H),
505-501 {m, [ K, 4.07 (dd, 1 H, T=3.1, 11.4 Flz), 3.84 {m, 1 H}, 3.62 (dd, 1 FL.J
— 5.5, 11.3 Ha), 330322 fm, [ ), 312-3.04 (m. 1 H). 205-1.98 (m, 1 H),
1.71-1.64 (m, ) H).

JP 2004-504305 A 2004.2.12
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14 tert-Butyl-2-aza-3-(tert-butoxy)carbonylaming ) [~ 3-{5-[(phenylmetioxy)-
carbonylamino J(1,2-oxazaperhydroin-2-y)}prop-2-cnoate

The product (1401 g 428 mmol ) of the preceding step i
N N-dimethylformamide (60 mL) was reacted with
NN bis(teri-butoxycarbonyl)-1H-pyrazole-1-carboxamidine (1.60 g, 5.16 mmol} at
45 °C overnight. The solvent was evaporated and the residue was flash
chromatographed 1o yield the iitle compound as a clear 0il (1.90 g, 92.9%). TH MR
{CI3CY,} 5 9.19 (s(or), 1H), 762 (d, 1 H,T=2.1 Hz), 740-730 {m. S H}, 5.10 (5,2
H), 503 {(d. 11, T=706Hz), 424 (ad, 1. J= 2.9, (1.3 Hz), 3.95 {m, [ H},
3.86-3.80 {m, 3 T, 2.11-2.01 (m, 2 H), 1.81-1.70 (m, L H), 151 (s, 9 H}, 149 (5, %
H). Mass specirare (LOMS, ESL caled, for CppHp, N0, 479 (M + H). Found: 474

15 5-Amine-I2-exazeperfiydroine-2-carboxanidine hydrebromide

The product (1.88 g, 3.93 omol) af the preceding stp was treated with 30
Wh.9% hydrobromic acid in acetic acid (60 mL) at room temperature for 3,5 hours.
Adfer the rcaction solution wes concenirated undes redoced presaure, a mixtre of
solvenls ircluding methanol, dichloromethanc and hexang was added, and the
solution was evaperated again to provide the title compourd as 2 brown salid (1.41
g, 100%). T NMR {DMSO-d,) 8 8.31 {5, 3H), 7.87 (s, 5 H),4.2L (dd, TH, T =33,
12.0T2z), 4.06-3.95 (i, 2 H), 3.82-3.76 (m, 1 H), 3.56-3.54 (m, | ), 2.14-2.08 (m,
1 H), 1.85-1.80 (m, 1 H). Mass spectrum (LCMS, ESD caled. for CH,N,0: 145
(M + H). Found: 145.

16, N-f2-{f{tert-butoxy)cerbonylamine iminomethyl}(1,2-oxazaperhydroin-
5eyl) ) 2-(Gnmethyl-3-{[2-(4-methylphenyletipl Jamino)-2-oxehydro-
pyrazinyDacetamide

To a solution of S-amino-1,2-oxazaperhydroine-2-carboxamidine
hydrohromide (66 mg, .22 mmol), as prepared in the preceding step, and
3-(2-4-tolylethylaming)-6-methyl-1-(carbox ymethylpyrazinane (80 me, 0.27 mmol},
as prepared in step 4 of Example 1, in &, N-dimethylformamide (5 nil) was added
N.N-diisopropylethylamine (160 mg, }.24 mmel) and Custro’s resgent (100 mg,

9.226 mmol) at 4 °C.  Alter the solution was stirred at 4 °C to room temperature

JP 2004-504305 A 2004.2.12
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overnight, di-tert-butyldicarbonate (90 g, 0.41 mmof) was added, After 6 hours,
the solution was concentrated and the residue was pariitioned between
dichloromethane and 1% citiic acid (x 2). The aqueous layer was basified with
potassium hydroxide and concentrated, To the residue wes added dichloromethane,
the tesulting slurry was stirved for 2bout one hour and then filtered. The fillrate was
concentrated and flash chromatographed to give the pure title compound as a white
solid (12 mg, 8.0%). The organic layer was dried, concentrated, and flash
chromatographed to produce the title componnd (13 mg, 8.3%). 'HNMR (CDCLy)
§7.14 (5,410, 6.98(d, 1 H, T=7.1 Hz), 6.77 (s, 1 H), 5.92 (1, L , I = 5.8 Hz), 4.57
(d,2H, T = 3.8 Hz), 4.15-4.09 (1, 2 I}, 3.86 (m, 2 H), 3.78-3.74 {m, 1 H), 3.62 (dd,
2H,J=6.9, 13.2Ha), 2.89 (1, 2H, T="7.1 Hz), 2.25 (5, 3 11}, 2.12 {5, 311, 2.01-1.96
tm, 1 H), 1.73-1.67 (m, 1 H), 1.47 (s, 9 H).

17, N-(2-Carbamimidapl-[1,2Joxazinamn-5ol)-2-[6-methyl-2-0x0-3-[2-p-talyl-
ethylamins )-2H-pyrazin-1-ylj-acetamide trifluoroacetate

A solution of the product (12 mg, 0.023 mmol) of the preceding step in
triflnoroacetic acid (0.5 mL) and dichloromethane (I mL} was stirred at 1o0m
ternperate for 1 hours. The solution was concentrated to provide e ttle
compound (13 mg, 100%). "HNME (DMSC-dg) 58,56 (d, 1H,J = 7.2 Hz), 7.94 (5,
4}, 7.10 (m, 4 H), 6.67 (s, 1 H}, 4.62 (5, 2 H), 4.08-3.92 (m, 3 H), 3.74-3.67 (in, 2
H), 3.53-2.48 (m, 2 ), 28211, 2 H, T =75 Hz), 2.25 (5, 3 H), 2.08 {5, 3 1T,
1.99-4.93 {m, [ ), 1.69-1.64 (i, 1 KI). Mass spectrum (LCMS, ESI) caled. for
CyHyyN,04: 428 (M + H). Found: 428,

PCTAISNIf22302
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_50.

Example 2

2-{3-(2,2-Diflucora-2-phenylethylaming)-G-methyl-2-oxe-2 H-pyrazie-1-31}-N-
{3-trmina-f1,2,4Joxadiazinan-6-ylmethyl)-acetemide trifluoroacetate

H

F F

1 Ethyl N-(ethyloxalylglycinaié

A stisred mixture of plycine othyl ester hydrocilords (25 g, 0.172 mmol),
dietiyl oxalate (53 g, 0.358 mmol) and trethytamine (35 mL, 0.179 mmol} in ethanol
(75 ml) was warmed up te 50°C. After 20 mimutes, all components disselved and
after 5 hours the solvent was removed under vacuum. The residual mass was
partitioned between water (250 ml) and dichictomethane (250 mL}, and the agueous
Iayer was extracted with dichloromethane {2 x 63 mlL). The combined organic layers
were washed with brine and dried over Na,50,. After removal of solvent, the excess
diethyl oxulate was removed under high vacunm at 60°C to give the title compaund
#5 a colorless oil (solidified upon standing, 36 g, 100%). "W NMR (400 MHz,
CNCL) & 7.60 (stbr), 1 H), 4.37 (g, 2 H, T =7.1 H2),4.25(q, 2 H, I =71 Hz}. 4.12
G, 2H, T=59Hz), 1.50 (£, 311, F = 7.1 Hz). L.30 (1, 3 EL T =7.1 Ha).

2 N-(Ethoxycarbonylmethiyl)-N’-(2-hydroxy-1-propylloxamide

“T'o a stired solurion of ethyl N-(efhyloxalyligylcinalc (18.5 g, 91 mmol), as
prepared in the preceding step, in cthanol (80 mL) wes added 1-amino-Z-propanal
(7.0ml., 91 rmel) under nitrogen. The teaction mixtuce sofidified over & period of
2 hours with sticring. After removal of solvent, the residue was dissolved in
dichleromethane (100 mL) and rotovaped. The proccss was repeated twice. The
residue was dried under high vacuum to give the title compound ag & white solid (20

g, 95%). "HUNMR. (409 Mz, CDCY,) & 7.94 (5 (o), 1 9, 7.82 £s(br), 1 H), 4.24 (g,

JP 2004-504305 A 2004.2.12
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2, T=7.1 Bz}, 4.08 (& 2 1,7 = 5.8 Hz), 3.7 (s{br), 1 1), 3.49 (m, 1 H),3.22 (m,
110, 238 (=, 1 H), 130 1,3 H, T = 7.1 Hz), 1.23 (¢, 3K, ] =7.2 Hz).

3 N-(Ethoxycarbonylmethyl)-N'-(2-ox0-1-propyloxamide

To & stirred solutien of N-{ethoxycarbonyl-
maihyl) N -(2-hydroxy-1-propyhaxamide (8.0 g, 34.5 mmol), as prepared in the
prezeding step, in water (50 mL) under nitrogen at 50 °C was added ruthenium {III)
chleride hydrate (75 mg, 0.35 mmol). The reaction flask was removed [roo the
heating bath, and a solution of sodium bromate (5.2 g, 34.5 mmol) in water (40 i)
was added dropwise. The reaction mixture was allowed to cool to room femperatute,
and then diluted with ethyl acetate and brine. The aqueous layer was extructed with
ethyl acetate (2 x), Lhen saturated with sodium chloride and cairacted again (x 2}
The combined ethyl acetate layers were washed with brine, dried over Na,50,, and
treated with activaied carbon. Evaporation of the solvent and drying under high
vacuutn provided the fitle compound as & white solid (7.3 g, 92%). 'H NMR (400
WHz, CDCL,) 6 7.99 (s(be), IIH), 7.84 (s(br), 1 H), 4.24 (9,2 H,T=7.1Hz), 4.19 {d.
2H,T=52Hz),4.10(d, 2H,1=57Hz), 2.24 (s, 2 H), 130 (. 3H, T = 7.1 Hz).

4. 1-(Bthoxycarbonylmethyl)-3-fydroxy-G-methylpyrazinona

To a stined solution of N-(ethoxycarbonylmethyl}- N -(2-oxo-1-propyl}
oxamide (6.9 g, 30 mmol), us prepared in the preceding step. trifluoroacetic acid
(2.32 mL, 30 mmol) and trifluoroacetic anhydade (4.3 mL, 30 mmel} in acetic acid
(100 mL)was heated to 80 °C under nitrogen for 10 hours. Additional vifluoroacetic
acid (1.5 L, 20 mme} and tifluoroucetic anhydride (3.0 mi, 20 mmol} were
added, the mixiure was stirred at 80 °C for additional 24 hours under nitrogen. After
cooling to room teniperature, the solvent was removed under reduced pressure. The
regidue was stimed with acetic acid {13 mL} for 15 minutes at 00 °C, then eihyl
acetale and pexave (4:1, 60 mL) were added dropwise 10 the warm mixture. The
precipitates were allowed o cool to room temperature. filtered, and dried under high
vacuum to give the title compound as an off-white solid (4.9 g, 77%). "HNMR (400

JP 2004-504305 A 2004.2.12
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MHz, CDCL) & 11.20 {s(bc), 1 H), 6.17 (s, 1 1), 4.66 (5, 2ZH), 4.24 (g, 2ZH.T = 7.1
Fz), 2.27 (5,3 H), 130 (£, 3 5, I =7.1 Hz}.

5 3-Bromo-I-(ethoxycarbonylmethyl)-6-methylpyrazinone

A sturry of 1-(ethoxyaarbonymethyl)-3-hydroxy-6-methylpyrazinone (4,24
g, 20 mmol), a8 prepared in (he preceding step, and phosphorous oxybromide ©3g,
22 mmol) in chlorofarm. {13 mL) was stired at 50 °C under nitrogen for 2 hours,
then allowed to cool to oom temperatre overnight. The reaction mixtare was
diluted with dichloromethane and ico-water, basitied with amrgoninm hydroxide, and
extracted with dichloromethane. The combined organic layers were washed with
brine, dried over Na,SO,, treated with activaied carben, filtered and concentrated.
The solid was collected, washed with 15% ethy] acetate in hexane, and dried under
high vacuum to give the title compound as an orange colored solid (5.1 g, %), 'H
MNME. (400 MHz, CDCL) 8 7.06 (s, 1 M), 4.77 (s, 2H}, 4.26 (¢. 2H. T = 7.1 Hz), 2.24
(&3 H, 131 (6,3, T=7.1 Hz).

4. 2,2-Difluora-2-phenylacelamide

Ta a stirred 2.46 mL (15.5 mmol) of ethyl benzoylformate was added
(diethylaminosulfur trifieoride (5.0 g, 31 mmol) in ene portion. Afier stirng for
4 hours under nitrogen, the reaction mixturs was cacefully poured into ive-water,
axtracted with dichloromethane (x 7). The combined orgenic layers were washed
with brine, dried aver N2,S0,, and concentrated to give a pale amber oil. The oil
was dissolved in anhydrous ethanal (25 rlL) and saturaied with gaseous ammonia for
0.5 hours in a pressure flask. The flask was then stopped and allowed to stand
overnight. The solvent was temoved to give a yeliow solid that was erystallized by
digsotving in 10 il of warm ethyl acetate, and adding 30 mlL of hot hexane. After
coaling for several hours, the crystals were collected by fiitravion, washed with 1:4
sihyl avefate:hexane, and drisd under high vacuum to give the title compound as a
tan solid (2.5 g, 94%). "H NME {400 Mz, CDCLY§ 7.6) (m, 2 H), 7.47 (m, 3 H),
648 (s{br), 1 H), 6.34 (s(br), 1 H).

JP 2004-504305 A 2004.2.12
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7 2,2-Difluoro-2-phenylethylamine

2,2-Difluoro-2-phenylacctamide (24 g, 14 mmol), as prepared in the
preceding siep, was dissolved intetrahydrofuran (30 mlL) and cooled to 0 °C, Tathis
stirred salotion was added 1.0 M boranc in temahydrafuran (33 ml, 35 mmol)
dropwise in 30 minutes, and the reaction mixure was rofluxed for 16 hours, After
cooling to 10610 TeMpeTature, a solution of potassiam carbonaie (5 g in water (240
ml.) was added to the eaction mixture. The mixtire wis concenirated in vacuo
#hout 50 L and extracted with dichloromethane (3 x 50 mL). The dichloromethane
layes was washed with brine, dried aver Na,5C,, and concenirated in vacuo. The
residue was then purifisd by flash column chromatography (1:1 ethyl acetate :
hexane) Lo give the title corepound as a pale ysllow ofl (900 mg, 41%:. TH NMR
(400 MUz, CTICL) & 7.45 (m, 5 H), 3.18 4, 2 H.J = 14.5 Hz), L.60 {s{br), 2 H).

.2 3-(2,2-Difluoro-2-phenylethylaming )- I-(ethoxycarbonylmethyl)-
Gramethylpyrazinone

To a stirred suspensioan of
3-bromo- 1-(ethox yourbonylmethyl)-6-methylpyrazinone (750 mg, 2.75 mmal), as
prepared in step 5 of Example 2, in toluene (30 ml} was added
2,2-difnero-2-phenylethylamine (900 mg, 5.75 mrmol), as prepared in the praceding
step. The mixture was refluxed for two days under nitrogen. The solution was
allowed to ¢ool to Toom lemperature, and cthyl acetate (50 mil) was added. The
diluted reaction mixtare was washed with 10% FICE (2 x 20 mL) and the aqueous
layer was exiracted with cthyl acetate (3 x 20 i), The combined organic layers
were washed with 10% citric acid {50 mL), brine, and dried over Na,30, Alfter
evaporating the solvent, the solid was collected and washed with 15% ethyl acetate
i exane to give the title compound as an off-white solid (730 mg, 76%). *HNMR
(400 MKz, CDCL,) § 7.54 (m, 2 H), 7.43 {mw, 3 H), 6.67 {s, 1 H), 6.14 (s(br), 1 H),
470 (5, 2 ), 4.24 (q, 2 H, T = 7.1 Hz), 4.09 {td, 2H, T = [4.3, 0.5 Hz), 2.11 (s, 3 B),
1290, 31, T="71IIz).
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5. 1-{Bisbenzylaminoj-3-(d-nethaxyphenoxy)propan-2-o1

A solation of glycidyl 4-methoxypheoyl ether (110 g, 610 mwal),
dibenzylamine (1.25 g, 6.33 mmol), and anhydrous ethyl alcohel (20 mlL) was heated
at 80 °C for 2 days, The solvent was evaporated under reduced pressure Lo give the
title compound as a clear oif (2,36 g, 100%), THNMR (CDCl,) §7.35-7.30 (., 7 H),
7.28-7.25 {m, 3 H), 6.82-0,76 (m, 4 ID), 4.10-4.07 (m, L HD), 3.83-3.81 (m, 3 ),
3.78-3.76 (m, L H), 37645, 3, 353 {4, 2,1 = 13.4 Hz), 2.66 (4, 2 H T =65
Hzb. Mass spectrum (LCMS, ESY) calod. for CoH,NO,: 376 (M + ). Found: 378,

16, N-J2-Hydroxy-3-{d-methoxypphenoxy)propyliiphenylmethoxy)carboramide

A mixture of 1-[bisbenzylaminol-3-(4-methoxyphenoxy)propan-2-ol (1.26
2,3.74 mmol), as prepared in the preceding step, 109 pulladium on catbon (125 mg)
andt methenol (220 nl) was degassed under recucnd pressuce and refilled with Hy
gas sovoral times. After stirring under 1 atm I, bafloon at roem temperalute
overnight, the mixture was fiitered through Celite and washed with methunal. The
fiityate was concentrated to a white solid ¢0.78 g, 100%). This solid (0.78 &, 396
mmol) was dissolved in methanol {20 mL), dichloremethanc (20 mL), and water (18
mL), To this soluticn were added sodium bicarbonats (0.83 g, 9.88 mmol) and
benzyl chloroformate (0.7 mL, 4.66 mmal) at room temperature. After stirring for
4 hours, the solution was concenirated and the residue wes partitioned hetween
dichlorormethane and water. The organic fayer wagdried {N2,50 .}, concentraied, and
flash chromalographed on silica gel to give the title compound as a white solid (100
g, 80.8%). MR (CDCly) 8 7.37-7.33 (m, 5 H), 6.83 (5,4 H), 5.20(m, 1 H), 5.12
(s, 2 H), 4.10 {m, 1 H), 3.94-3.38 {m, 2 H). 3.77 (5, 3 H), 3.533.47 (m, £ H),
3.38-3.27 (m, 1 ED, 2.95 {m, 1 H).

JP 2004-504305 A 2004.2.12
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1L N-[2-(1,3-Diaxoisoindolin-2-ylaxy)-3-(4-methoxyphetoxy jpropyl]-
(phenylmethoxyjcarboxamide

Ta 2 solution of the praduct (1.00 g, 3.02 mmol) of the preceding steg,
triphenylphosphine (1,03 g, 2.93 mmel), N-hydroxyphthalimide (0.54 g, 3.31 mmol},
and tetrahydrofuran (100 mL) was added diethyl azodtcarboxylate (0,62 ml, 3.94
mmol) ac4°C. Afeer stiveed at 4 °C to room temperature ovemight, the selution was
concentrated i vgcup and flash chromatographed (Si0,;) o provide the title
compound, which was contaminated with 1,2-dicarbsthoxyhydrazine, a3 a yellow
serni-solid (1.79 ), "HNMR (CDCIy) § 7.85 (m, 2 H), 7.78 {m, 2 H), 7.41-7.31 (m,
5, 6.82-6.78 (m, 4 H), 6.07 (n, | H), 5.16 {d, 2 H, T = 3.2 Hz), 4.53 (m, 1 ),
4.28-4.25 (m, 2 H), 3.75 (s, 3 H}, 3.74-3.66 (m, 2 H).

12, N-[2-(1,3-Dioxoisoindolin-2-yloxy)-3-ydroxypropyliphenylmethaoxy)-
corboxamide.

To 2 solntion of the product (33 mg, 0.10 mmol) of the preceding step in
acctonitrile (4 ) and water {1 mL) at 4°C was added ammoninm cerfum nitrate
(150 mg, 0.274 mysol), Afier 15 minutes at 4°C, ethyl acetate and brine were added.
The organic layer was separated and the agneous layer was exiracted with ethyl
acetate.  The combined organic layers were washed with saturated sodinm
hydrogensultite and sodium bicarbonate, Drying (Na,S0,), concentration, and flash
chromatagraphy prodaced the fitle compound as a yellow oll (40 mg, 96.7%). 'H
NMR (CDCly) 3 7.88-7.85 (ma, 2 ED, 7.82-7.78 (e, 2 H), 7.41-7.30 (m, 5 H), 6.08 (m,
1 H), 5.16 (s, 2 H), 4.28-4.24 (m, | H), 3.78-3.72 (m, 3 H}, 3.59-3.46 (m, 2 H}.

13, tert-Butyl-2-aza-3-{(tert-butoxy)carbonylamino j-3-[(2-kydroxy-
I-ff(pkenylmethoxyjcarbonylamine fmethyllothory)aming jprop-2-enoute

The product {65¢ mg, 1.76 mmal) of the preceding step in methanol (15 mL)
was treated with 40 wt.% methylamine in water (080 mg, 8.77 mmol) for 2 hours at
mom tempecature.  After temoval of the solvents under reduced prossure, Lhe
remaining beown solid was dissolved in anh ydrous §,¥-dimethyiformamide (20 mL)
and reacted with N, N -bis(teri-butox yearbonyl)- LH- pyrazole- L-carboxamidine (1.0

2, 3.52 mmol} at 50 °C overnight. The golution was concentrated 2nd fash

JP 2004-504305 A 2004.2.12
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chromatographed (Si0,) to piovide the titie compound as an orange oil (776 mg,
91.6%, 2 steps). "H NMR (CDCL) 89,12 (s, L HD), 7.67 (5, 1 HD), 7.36-7.33(m, 5 H),
560 (m, 1 H), 5.12 (5, 2 1), 4.1% {m, 1 ), 3.37-3.76 (m. 2 H), 3.56 (, 2ZH, I =5.9
He), 1.50 (s, 9 H), 1.46 {5, 5 H).

14, tert-Bunyl  2raga-2-(d-{(teri-butvloxyearbonyl]-o-{{(phenylmethoxy)-
carbanylamina fmethyl}(1,2,4-oxadiazaperhydroin-3-ylidene) Jacetate

To a solution of the product (770 mg, .60 mmel), a3 prepared in the
preceding step, triphenylphosphine (840 g, 3.21 tnol), and tetrahydrofaran (50
ml) was added diethyl azodicarboxylate (0.500 mT, 3.18 mmol) at 4°C, After 20
minutes at £°C, the caoling bath was removed and the solution was stirred at room
temperature for 3 hours. Concentration and flash chromatagraphy yiclded the ritle
compound &5 avellow oil €702 mg, 94.7%). "HNMR (CDCI;) 6 8,10 (5, 11D, 7.35
(s, 5HY, 533 {t, | K, T=5.8 Hz), 5.10 (5, 2 F), 3.99-3.92 (m, 2 H}, 3.62-3.57 (m, 1
Hy, 3.44 (dd, 1 H, T =44, 12.0 Hz), 3.32-3.27 (m, 1H), 1.51 (5, 9 1), 147 (5, 9 )
Mass spectram (LCMS, BST) caled. for CgpEly,NyOy: 487 (M + Na). Found: 487,

15 rert-Butpl 2-{6-famingmethyl)-d-[{tert-butyl)oxycarbonyl}]
{1,2,4-oxadivzaperbydroin-3-ylidene) - 2-arnacetate

The mixture of the product (702 mg, 1.5% mmol) of the preceding step, 10%
palladinym on carbon (80 mg), and methanol (30 L) was degassed undex reduced
pressure and refilled with H, gas several limes. The mixture wes stired under 1 atm
H, balloon at room temperatare for 5 hours. After concentration and flesh
chromatography on silica gel, the Gtie componnd was obtained as white foam (205
mg, 41.1%). "HNMR (CDCL) 3 5.55 (s, 1 1), 3.92-3.88 (m, { H), 3.59-3.44 (m, 3
H),3.05-2.9] {m, 1 H), 1.51 {5, 9 H), 1.47 {3, 9 H).

JP 2004-504305 A 2004.2.12
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16, tert-Butyl 2-pzae2-{6-[(2-{3-{(2,2-difluero-2-phenylethyl)-
ainire-6-methyl-2-oxohydropyrazinyljacetylamino Jrothylf-4-[(fort-
butylexycarbonyli(1,2,4-0xadiazaperhydroin-3-ylidene)facelate

3-(2,2-Difluoro-2-phenylethylaming)- L-{ethax ye arhonylmethyl)-6-
methylpyrazinone (474 mg, 1.35 mmol), as prepared in step 8 of Example 2, m
methanol {20 mL} and water (10 mL}) was Wreated with potassinm hydroxide (226 mg,
4.04 mmol) overnight. The mixrore was acidified with 10% HCl until acidic to pH
paper and then concentrated. The residue was pattitioned betwzen dichloromethane
and brine. The organic phase was dried (Na;SQ,) and concentrated to give a white
salid. To the white solid in MA-dimethylformamide (10 mL) was added ferz-butyt
2-16-(arainomethyl)-4-[Pert-butylJoxycarbonyl]{1,2 4-oxadiazaperhydroin-3-ylide
ne)}-F-azaacetate (562 mg 170 mmoll as prepared in lhe preceding step,
N,N-diisopropylethylamine (800 mg, 6.20 mmol) and Castro’s reagent (822 mg, 1.86
mmol). After stirring at teom femperature overnight, the reaction solution was
conceﬁtra.tr:d and the residue was partitioned botween dichloromethane and 10%
citric acid (x 2). The combined erganic phases were dried (Na,SQ,), concentrated,
and flash chrotoasographed (810, to provide the itle compound as u yellow oil (820
mg, L00%). ' NMRE (CDCL,) § 9.41 (s(br), L H), 801 (s, 1 H), 7.53-7.50(m, 2 H),
1.43-7.37 (m, 3 H), 7.15 (m, 1 H), 6.68 {s, L H), 6.26 (t, 1 H, I = 6.4 Hz), 4.67 (dd,
2 H, = 15.8, 284 Hz), 4.07-3.98 (m, 3 H), 3.89 (44, 1 H{, J = 3.3, i2.2 Hz),
3.61-3.59 (o, 1 H), 3.58-3.96 (m, 2 1}, 2.15 (5, 3 ), 151 (8. 9 H), 145 (s, 9 .

17 2f3-(2,2Difluorn-2-phenylethylamine)-G-methiyl-2-oxa-21-pyrazin-
1-pf-N-(3-inina-[ 1,2 4ioxadiegioanst-yinetiyl- ide trifticar tat

A solution of the product of the precoding step (920 mg, 1.45 mmal} in

influcrcacetic acid (3 mL) and dichloromethane (9 ml} was stirred at room
tempersture overnight and conconivated, The residuz was purifisd by flash
chromatography (S10,) and lyophilized to provide the title compound as a off-white
powder (570 mg, 90.4%). "HNMR (DMSO-d,) § 1077 (s, 1 H}L, 7.92 (s, L HY 7.73
(s, L FI), G677 (5, 3 100, 6.63 (s, 3T, 623 (5, 1 HL 577 (5, 1 H), 375 (s, 2 1),
324312 (m, 3H), 2684d, 1 H, T=11.2 Hz), 2.26 (1, 1 1L F= 10.7 Ha), 1 .62 (5.2

JP 2004-504305 A 2004.2.12
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3, 1.19 {5, 3 H). Mass spectrum (LCMS, EST) caled. for CH,FN0 436 (M +
B). Found: 436.

Hxample 3
Tablet Preparation

3 Tablets containing 25.0, 50,0, and $00,0 mg, respectively, of the following

sctive compounds are prepared as illustrated below:

B. N(Z-carbamimidoyl-[1,2]oxazinan-3-y1)-2-{6-methyl-2-ore-3-(2-p-
tolylethylamino)-2H-pyrazin-3-yl}-acetamide trifluoroacetate; and
b. 2-{3-(2,2difluoro-2-phenylethylaming)-6-methyl-2-oxo-24-pyrazin-

10 1-y1]-¥-{3-imino-[ 1,2,4Joxadiazinan-6-yliroethyl)-acetamide triffuorcacetate.

TABLET FOR DOSES CONTAINING FROM
25-100 MG OF THE ACTIVE COMPOUND

Amoupt-mg
Active Compound 25.0 50.0 160.80
Micracrystalline cellulose 3725 100.6 2000
13 WModified food corn starch 37.25 4.25 8.5
Magnesium stearale .50 0.75 1.5

All of the active compeund, cellulose, and a portion of the com stareh are
wixed and granulated to 109 corn starch paste. The resuling granulation is sieved,
dried and blended with the remainder of the corm starch ang the magnesium stearate.

20 The resufting granulation is then compressed into tablets containing 25.0, 300, and
100.0 mg, respectively, of uctive ingredient per tablot

JP 2004-504305 A 2004.2.12
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Example 4

Intravenous Solution Preparalion

An intravenous dosage form of the sbove-indicated active compounds is

prepared as follows:

5 Active Compouind 0.5-0.0 mg
Sodium Citrate 5-50 mg
Cirrde Acid 1-15 myg
Sodium Chicride -8 mg
Water for Tnjection {USP) q.5 10 1 ml
10 Uhilizing the above quantities, the active compound is dissolved at room

tepaperatute in a previously prepated solution. of sodivum chloride, citic acid, and
sodhum citrate in Water for Injection (USP, see page 1636 of United States
Pharmacopeia/Mational Fomnulary for 1995, published by United States
Phatmacopeial Convention, Ine., Rockville, Maryland (1994). ‘
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Example §
I vitve Tnhibition of Purified Enzymes

Reagents: All buffer salts were obtained from Sigma Chemical Company (St. Louis,
MOy, aod wers of the highest purity available. The snzpme substrates,
N-henzoyl-Phe-Val-Arg-p-nitroanilide (Sigma B7632), N-benzayi-Te-Glu-Gly-
Arg-p-nitroanilide hydrochleride (Sigma B2291), N-p-Tosyl-Gly-Pro-Lys-p-
ritrosnilide {Sigma T6140), N-succinyl-Ala-Ala-Pro-Phe-p-pitroanilide (Sigma
§7388) and N-CBZ-Val-Gly-Arg-p-ritroanilide (Sigma C7271)} were obtained from
Sigma. N—suocinylvAlaAAla—Pro—Argvp»nitroanilidé (BACHEM 1-1720} agd
N-succinyl-Ala-Ala-Fro- Val-p-nitroanilide (BACHEM - 1770} wers abtained frorm
BACHEM (King of Prussia, PA).

Hurnan a-thrombin. human factor Xaand human plasmin were obtained frofm
Eozyme Research Laboratorics (South Bend, Indiana). Bovine a-chymotrypsin
(Sigzma ©4129), bovine trypsin (Sipma TB642) and human Kidney cell urokinase
{Sigma US0G4) were obtained from Sigina Human leukncyte elastase was obtained
from Elastin Produets (Pacific, MO).

K; Determinations: All assays are based on the ability of the test compound to
inhibit the enzyme catalyzed hydrolysis of 2 peptide p-nitreanilide substrate. In a
typical K, determmination, substrate is prepared iin DMS0, and diluted inte an assay
buffer consistirg of 30 mM HEPES, 200 mM MNaCl, pH 7.5. Thefinal concentrations
for each of the substrates is listed below. In general, substrate concentrations are
lower than the experimentally determived vahie for K, Test compounds sre
prepared as a 1.0 mg/ml solution in DMSQ, Dilutions arc prepared in DMSO
yielding 8 final concentrations encompassing a 200 fold concentration range.
Enzyme solutions are prepared at the conceniraiions listed below in assay buffer.
In'a Lypical K, determination, into each well of # 96 well plate is pipetted 280
mL of substrata solation, 10 mL. of test compound solution, and the plate allowed to
thermally equilibrate at 37 °C in 2 Molecular Devices plate reader for > 15 minntes.
Reactions were initiated by the addirion of 2 10 mil. slignot of enzyme and the

abrorbance increase at 405 nm is recorded for 15 minutes. Data cowresponding (o

JP 2004-504305 A 2004.2.12
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feas than 10% of the total substeats hydralysis were uged in the caleulations, The
ratio of the velocity (rate of change in absorbapee as 2 function of time) for a sample
containing no test compound is divided by the velacity of a sample containing test
compound, and 15 plotted us a function of test compound concentration. The data ace
fit to a linear regression, znd the vatue of the slope of the line ezloulated. The inverse
of the slope is the experimentally determined K, vélue.

Thrombin: Thrombin activity was assessed ag the ability Lo hydrolyze the substrate
N-suceinyl-Ala-Ala-Pro-Arg-p-nitroznilide, Substrate selutions Were prepared ata
concentration of 32 mM (32 mM<<Km = 180 mM)} in a5say buffer. Final DMSO
concentration was 4.3%. Purified humun a-thrombin wa;; diluted inte assay buffer
to a concentralion of 15 nM. Final reagent cencentrations wers: [thrombin] = 0.5
nM, [substrate M-suceinyl-Ala- Ala-Pro-Arg-p-nitroanilide] =232 mM,

Factor X [FXa]: FXa activity was assessed as the ability to hydralyze the snbsirate
N-benzoyl-lle-Glu-Gly- Arg-p-nitroanilide hydrochlogide. Substeate solutions were
prepared at a concentration of 51 mM (31<< K, = 1.3 mM) in assay buffer. Final
TMS0 concentration was 4.3%. Purified activated human Factor X was diluted into

assay buffer (o a concentration of 300 ibd. Final reagent concentrations were: {FXa] -

= 10 i, [N-benzoyl Tie-Glu-Gly-Arg-p-nitreanilide hydrachloride] = 51 mhL
Plosmin: Flasmin activity was asscssed as the ability to hydrolyze the
MN-p-Tasyl-Gly-Pro-Lys-p-vitroanifide.  Substrate solutions were prepared at a
concentration of 37 mM (37 << K = 2473 mM} in assay buffer. Final DMSO
concentration was 4.3%. Purified human plasmin was dilated into assay buffer toa
cotgentration of 240 oM. [Final reagent concentrations were: [Plasmin] = & oM,
[N-p-Tosyl-Gly-Pro-Lys-p-nitroanilide] = 37 mM.

Chymotrypsin: Chymotrypsin activity was assessed as the ability to hydrolyze
N-succinyl-Ala-Afa-Pro-Phe-p-nitroanilide. Substrate solutions were prepared at 2
concentration of 14 mM (14 mM<< K = 62 mM) in assay buffer. Final DMSO
concentration was 4.3%. Purified bovine chiymotrypsin was diluted into assay buffer
to & concentration of 81 nM. Final reagent concentrations were: [Chymotrypsin] =
2.7 oM, (N-guecinyl-Ala-Ala-Pro-Phe-p-nitroanilide] = 14 mM.

POT/UNOL2L302
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Trypsin:  Trypsin activity was asscssed as (he ability to hydrolyze
M-benzoyl-Phe-Val-Arg-p-nitcanilide.  Substrate solutions were prepared at a
concentration of 13 mM (13 mbi<< ¥, = 291 M) i assay buffer. Final DMEO
concentration was 4.3%. Porified bovine trypsin was diluted into assay buffer to a
soncentration of 120 oM. Final reagent concentrations werc: [Trypain] = 4 nbl.
[N-benzoyl-Phe-Val- Arg-p-nitroznilide] = 13 mb.
Elastase:  Elastase activity was assessed as the gbility to hydrolyze
N-zguceinyi-Ala-Ala-Pro-Val-p-nitroanilids. Substrate solutions wers prepared at e
concentration of 19 mM (19 mM<< K, = 89 mM{) in assay buifer. Final DM3O
concentration was 4.3%, Purified human leukocyte elastase was dituted into assay
buffer to a concentration of 750 nM. Final reagent concentrations were: [Elastase]
=25 oM, [(-suceinyt-Ala-Ala-Pro-Val-p-nitroanilide] = 19 mM_
Urokinage: Urokinase activity was assessed as the ability to Dhydrolyze
N CBZ-Val-Gly-Arg-p-nitroanilide.  Substeate solutions were prepared al a
corcentration of 100 mM (100 mM < I, = 1.2mM) in agsay buffer. Final DMS0
concontration was 4.3%. Purified human kidney urokinase was diluted into assay
buffer to 1 concentration of 1.2 mM. Finel reagent concentrations were: [Urakinasc]
=40 oM, and [N-CBZ-Val-Gly-Arg-p-nitroanilids] = 100 mM.

The results of the compound of Examples 1 and 2 a1e shown inthe following

tahle.

Table I
Thrombin Assay, K, (M)
Compeund
(Eg. NoJ 1 z
& 0.6-13 )

The results indicate that the compounds of the present invention are potent
and highly selective inhibitors of thrombin.
Having now fully described this invention, it will be understood to those of

ecdinary skillin the art that the same can be performed within & wide and equivalent

JP 2004-504305 A 2004.2.12
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range of conditions, formulations, and other pararneters without affecting the scope
of the invention or any embodiment thereof, Al patents and publications cited

herein are folly incorporated by refercnce herein in their entirety,
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What Is Claimed Is:
i A compourd of Formula I:
R

T/IYRJ o
W\N/l}( N/A
H H

RS

Q

or a solvate, hydrate or pharmaceutically acceplable salt thereof, wherein:

W is hydrogen, R, R'OCO, R'CO, R(CH,3,NHCO, or (R"),CH(CH,)N3CO,

wherein s is 0-4;

Rlis 7

B,

RCH,)C(R™),, wheie ¢ is 0-3, and each R" can be the sams or different,

(RH(ORHCH(CH,),, where pis [-4,

(B3, {0R)C{CH,),, where pis 14,

RAC(R¥,(CH,), wherein tis 0-3, and each R'? can'be the same or different,
whercin (R/%), can also formm a ring with C representad by Oy
cycloatkyl,

RICPCR,(CH,),, wherein g is 0-2, and sach R can be the same or
different, wherein (R'?), can also formn 2 dng with C reprosented by
Cyoyvcloatiyl,

RICH,CR'™),(CHy),, wherein g i3 0-2, and sach RY can be the same or
different, whersin (), can also form a ring with C represented by
Cy 5 cycloaliyl,

(R?),CTHCH,), where v is 0-4 and cach R* can be the same or different, and
wherein {R2), can also foarm a ting with CH represented by Cy4

cycloalkyl, C,.;; bicylic alkyl, Cgyg tricylic alkyl, or 2 5- to 7-
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membered mono- orbicyclic heteracyclic tug which can be saturated
or unsaturated, and which confains from one to Lthree heteroatens
selected from the group consisting of N, O and S,
R*O{CH,),, wherein pis 2-4,

5 (F3),CR(CH,),, wherein T is 0-4 and each &2 can be the same differsnt,
wherein (R'), can also form a ring with C represented by Cy,
eyclaalkyl, Cp.,, bicyelic alkyl, Cips tiicyclic atkyl, or a 3- w 7-
menhered mono- or Hieyclic heterocyclic ring which can be saturated
or unsaturated, and which contains from one to three heteroatoms

18 selected from the proup consisting of N, O and 8,

(RY,CH CHy,
y/nlz
HZ(CHEJSW/E ,whercsisQor 1, or

RICR,CR5,;
Riis
15 phenyl, naplithyl, or biphenyt, cach of which is unsubstituted or subsiituted
with phe or more of G, alkyl, C, alkoxy, halogen, hydroxy, CFy,
QCE,, COOH, CONH,, or 3Q,NH,,
a3- to T-membered mena- or a 9- to {0-membered bicyelic heterocyelic ring
or nop-heteracyelic ring which can be saturated or wasaturated,
20 wherein the hererocyelic ing contain from one to four heterogtoms
selecied from the group consisting of N, O and 8, and wherein the
heteroeyclic or non-heteracyclic ving is unsubstituted or substitued
with haiogen or hydroxy, )
€, alkyl, unsubstituted or substitute:d with one ermose of hydroxy, COOH,
25 awring, aryl, C, , cyclaatkyt, UF, NICH ), -C alkylacyl, heteroaryl,
ar heterocycloatkyl,
CF,,

C, 5 cycloalkyl, unsubstitted ar substituted with aryl,

JP 2004-504305 A 2004.2.12
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C,. 2 bieyelic alkyl, or
Cg.s tricyelic alkyl,

hydragen, C, ; alkyl, Cy; cycloaliyl, U4 alkenyl, Cy4 alkynyl, opticnally
substituted Cy, aryl, optionally substituted Cy o at(C, galkyl, optionally
substituied heteroaryl, wifluorometisyl, halogen, C,; hydroxyalkyl, cyano,
nitro, carboxamido, ~CORY, ~CH,OR” or —-ORY,
whare R, in each instance, iz independently one of hydrogen, Gy,
alkyl or Cy 5 cycloalicyl wherein said alkyl or cyeloalkyl groups may

aptionally have pine or more unsaturations;
hydrogen or halogen,

hydeagen,

phenyl, uaphthyl, or biphenyl, each of which is unsebstiuted or substiteted
with one or mere of C, , alkyl, C,, alkoxy, halogen, hydroxy, CF,,
OCF,, COOH, or CONFL,

5~ 10 7-membered mono- ava 9- to [0-membered bicyclic hoterocyclic sing
which can be saturated or unsaturated, and which contains from one
1o four hateroatoms selected from the group consisting of N, O and
5,

C, .4 alkyl, unsubstituted or substituted with one or more of hydroxy, COCH,
amming, aryl, heteroaryl, or heterocycloalkyl,

CF,,

oy cycloalkyl,

C,.jp bicyelic alkyl, or

Cpae tricyelic alkyl;

R* ts hydrogen, C alkyl, or G, alkenyl,

Ats one of

JP 2004-504305 A 2004.2.12
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“ 7T n mo\N——-R"
N\rn\ﬁu and ( L N/<
1 | ! { \N—Eh
N\nc Re

R*, RY and R° are independsntly hydragen, alkyl, hydroxy, alkoxy, aryloxy, aralkexy,
alkox yearbonyloxy, cyano or <CO,RY, where
R" is alkyl, cycloalkyl, phenyl, benzyl,

R a %\l/o Rh
(= T
o} R [a}
Rt Re

where B and R® are independently hydrogen, C,4 alkyl, Cag
alkenyl or phenyl, R" is hydrogen, C,; alkyl, C,; alkenyl or
phenyl, RE is hydrogen, €, 4 alkyl, Cy alkenyl or phenyl, and
" R"is arallyt or C, 4 allyly ’
10 cach 1 is from zero to 4, preferably zero to 2,
each m is from zero to 4, preferably zero ta 2; and
each j is from zero to 4, preferably zere 10 25

pravided that n, m and } are not all zero.

2. A compound of claim 1, wherein

15 RYis hydragen, € alkyl, G, cycloalicyl or CFy;
m is from Zero to 2;
n is from zero to 2; and

jis from zero 1 2, providel that n, T and j ate not all zero.
3. A compound of claim 2, wherein R* is C, ¢ alkyl.

0 4, A compound of claim 2, wherein R* is hydrogen or halogen.
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A compooud of clsim 4, wherein W is F ot RL
A compound of clafin 3, whersin

R?,

RICH)CR'?),, whetein t is 0-3 and each R can be the same or dilferent,

RAC{RI%),(CH,), wherein t is 0-3, each R" can e the same or different and
wherein {R'), can also form-a 3- to 7-membered cycloalkyl cing with
the C to which they are attached,

RICHCR),(CH),, wherein g is0-2, and cach B.” is the same or different,
and whersin (R'2),, together with the C to which they are attached,
cam also form a 3- to T-membered cycloalkyl ong.

(RHCHLCH,),, wherein t is 0-4. R? can be the same of different and wherein
(R™), can alsa form, together with the C to which they ere sttached,
2 Cy; cycloalkyl, Coy, bieyeloalkyl, Cypq tricycloalkyl or 5- to 7-
membered satarated or unsaturated mono or bieyelic heterocycle
having from one to three heteroatorns seleated from N, G or S,

RICF,;C(R %),(CH,),, wherein g is 0-2, and sack R is the same or different,
and wherein (R'*),, together with the C to which they are attached,
can also form a 3- 1o 7-membered cycloalkyl ring, or

RUO(CH,),, wherein pis 2-4;

phenyl or naphthyl, each of which is optionally substiuted with one or more
of G, 2lkyl, C,., 2lkoxy, halogen, hydroxy CF,, OCF, or SO,NI,,

a5-1o 7-membered monocy}:lic or 9- to 10-membered bicyclic, saturated or
unsaturated, ring haviﬁgfrom 7eto to 4 heteroatoms selected from N,
O and 5, and wherein suid ting is optionally substituted with halogen

or hydroxy,

PCTAISNIf22302

JP 2004-504305 A 2004.2.12
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7.

(150)

T8

€, alkyl optionally substituted with one or more of hydroxy, COOH, Cyq
cycloalkyl, CF;, N{CHp, -G, elkaryl, heteroaryl, or
heterocycloatkyl,

CT,, or

C, ; cycloaliyl, optionally substituted with aryl; and

hydrogen, or
C,., alkyl, optinally substituted with ane or more of hydroxy, COOH,

amino, aryl, heteroaryl, or heterocycloalkyl,

A compound of claim 6, whezein

R’ is hydrogen, CH, or CH;CHy;
R*is hydrogen or chloro; and
W js PhCELCH, (CH,),C, HOOCCH,, CR,CH,, (CH,)N(CH,),. PRCFLOCH,),,

PhCH(CH,), PRCHCHCOGH), CE(CH,), PCH, H, CHy(CH),
CHCH,CHICILICH,, (Ph),CHCH, PhCHCH(CH,), PRCHCH)CH,
(CH,),CH, PaCH(OMICH,, PRC(CH,),CH,, (Ph),CHCH,, or W is

PCTAISNIf22302

2004-504305 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

W) OZHIG248

(151) JP 2004-504305 A 2004.2.12

PCTAISNIf22302
-79-



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

W) OZHIG248

(152) JP

PCTAISNIf22302

o (CHply »
=
N !
(CHz)y »

(CHo),

2004-504305 A 2004.2.12
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3

4

A

i

%

v

i
O\DHZCH(CH;,) .
QR
CH(CHg)CH +

[
Q\quE)chQ '

(153)

PCTAISNIf22302
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CHI CE,C{CHy)

C{CHz):CH;

< : “CH.CH(CH,)

H NO,S (CHz)2

:

(CHy)y -

g

Hy

£

(CHg)y

B e

OMe

et

CHy

(154) JP

PCTAISNI 22302
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&
8. A compound of claim 1, wherein R? is hydrogen.
9, A compound of claim 1, wherein B?, R® and R® are independenily one of

hydrogen, C, 5 alkyl, C, ; afkoxy, eyano, or -CO,R™ wiere R", in each instance, iy
Cy4 atkyl, C, 5 cyeloalkyl or benzyloxycachomyl.

10. A compound of claim 9, wherein R, R® and R® are independenily one of
hydrogen, methyl, ethyl, propyl, n-butyl, hydroxy, methexy, sthoxy, cyana,
-CO,CH,, -CO,CH,0H, or -00,CH,CH,CH,,

11. A compound of claim 10, whereip R, R and R® are £ach hydrogen.

12, Acompound of claim 9, wherein R®, R® and R° are independently ane of

il 0 ' 0. _Rb

B . Y

Rr?
RY Re

where RER" are defined as in claim 1.

13. A compound of claim 12, wherein
R, R* and RF are each hydrogen;
B! s roethyl; amd
R" 15 benzyl or rerz-butyl.

A 2004.2.12
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14, A compound of cJaim 1, having one of Formulae Jia or 7b:

S
wﬁ;up -

\N/H(N)\( \J\ /""J\/\'}: ’

or a salvate, bydrate or phacmacentically acceptable salt thereof, wherein:
5 W is as defined as in claim 1;
R hydrogen, C, 5 alkyl, halogen or C,, alkoxy; .
R4 is hydrogen or halogen; and

nis0or 1.

15, A compound of claim 14, wherein
10 W is PRCH,CH, (CH)C, HOOCCH,, CF.CH,, (CH,),M(CH,),, PhCH,0(CH,),
PhCH(CH,), PhCH,CH{COQH}, CH(CH,);, PhCH,, H, CH,(CH,,
CHCHCH{CH,)CH,, (Ph),CHCH,, PRCH.CH(CH,), FhCH{CHCH,,
{CH,),CH, PhCH(OH)CH,, PhC(CH,),CH,, (Ph),CHCH,, or W is

JP 2004-504305 A 2004.2.12
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==

3

s (©

He)e

%

'@\
= CHACHICHS)
h@\
= CH{GH)CHE,

2.
CICHACH,

R

R
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CHaNH—(}CHEC(CHJ)
—
o : " O{CHYCH,
o : " CHCH(CHy)

HeNO.S {CHz)

:

(CHz)a

e

cH,

2

2

-t "1
]
=y
5 e}
=y

CMe

e

(161) JP

POT/UNOL2L302
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16. A compound af claim 1, which is one oft
N-{2-carbamimidoyl-[1,2]orazinan-5-y1)-2-[6-methyl-2-0x0-3-(2-p-tolyl-
ethylamino}-2H-pyrazin-1-yl]-aceiarnide;
2-[3(2,2-difluoro-2-phenyl-ethylamino)-6-methyl-2-oxo-2H-pyrazin-1-yl}-
N-(3-imine-[1,2,4Toxadiazinan-6-ylmethyl)-acctamide;
N-(2-carbamimidoy!-{1,2]oxazinan-5-y1)-2-(6-methyl-2-ax0-3-
phencthylamino-2H-pyrazin-i-yl)-acetamide;
N-(2-carbamimidoyl-[1,2]oxazinan-5-y1)-2-(5-chlora-6-methyl-2-oxo0-3-
phenethylamino-2H-pyrazin-1-yl}-acetamide;
N-(2-carbamimidoyl-[1,2]oxazinan-5-y1)-2-[3-(2,2-diphenyl-cthylamino}-0-
methyl-2-axo-2H-pyrazin-L-yll-acetamide;
N-(2-carbamimidoyl-[1,2}oxazinan-5-y1)-2-[5¢hlore-3-(2,2-diphenyl-
cthylamino)-G-roethyl-2-oxo-2H-pyrazin- 1-yi]-acetamide;
N+42-cachamimidoyl-[1,2]oxazinan-5-y1)-2-{3-[2~(#-methaxy-phenyl}-
ethylamino]-6-methyl-2-0x0-2H-pytazin- 1-yl}-acetamnide;
N-(2-carbemimidoyl-[1,2]oxazinan-5-y1)-2-{ 6-methyl-2-oxo-3-[(1-phenyl-
cyclobutylmethiylj-artino}-2H-pyrazin-1-yl} -acetanide;
N-(2-carbamimidoyl-[1,2loxazinas-3-y1)-2-[6-methyl-3-(2-naphthaten-1-y1-
cthylaming)-2-oxe-2H-pyrazin-1-yl]-acetamide; )
N-(2-carbamimidoyl-[1,2Jexazinan-5-y1)-2-f6-methy)-2-oxo-3-(2-phenyl-
butylaming)-2H-pyrazin-1-yll-acetamide; .
2-[34{2-benzo[1 3]dicxol-5-sl-cthyiamine)-6-methyl-2-oxo-2H-pyrazin-1-
yU-N-(2-carbamimidoyl-[1,2]oxazinan-3-y)-acctamide;
N-{2-carbamimidoyl-[1,2]oxazinan-5-y1)-2-[6-methyl-2-oxo-3-(2-pyridin-2-
yl-ethylamino)-2H-pyrazin- I-yl}-acctamide;
N»(-Z»carbamimiduyI-[l 2Juxazinan-3-yl)-2-[6-methyl-2-axo-3-(2-0-tolyl-
clhy]ﬂmino)-éﬂ—pymzimI—ylj-accl.amidc;
N-{Z-carbamimidoyl-[1,2)oxazinan-5-y1}-2-[§-methyl-2-ox0-3-(2-m-talyl-
ethylaming)-2H-pyrazin-1-yi}-acetamide;
N-{2-carbamimidoyl-[1,2joxazinan-5-y})-2-{ 6-methyl-2-0x0-3-[2-(2-
triffuoromethyl-phenyl)-cthylamine]-2H-pyraein- |-yl -acetamide;

JP 2004-504305 A 2004.2.12
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N-(2-carbamimidoy!-{ |, 2]oxazinan-5-y1)-2-{6-methy[-2-ox0-3-[2-(3-
trifluoromethyl-phenyl)-ethytamino]-2F-pyrazin- L-yl} -acetamide;

N-(2-carbamimidoyl-[1,2}oxazinan-5-y1)-2-{ 67meihyi-2-nxo—3—[2-‘(4-
triflucromethyl-phenyl)-ethylamino]- 2H-pyrazin- 1-y}| -acetamide;

N-(2-carbamiridayl-{ 1, 2]oxazinan-5-y1)-2-[3-12-(3,5-dimethyl-phenyl}-
ethylamino]-6-methyl-2-0x0-2H-pyrazin-1 -y} -acetamide;

N-{2-carbamimideyl-1 L. 2]oxazinan-S-yl)-2-[3-(indan-2-ylamino)-6-methyi-2-
oxo-2H-pyrazin-1-yl}-aceramide;

N-(2-carbamimidoyl-[1,2[exazinan-3-y1)-2- [ 3-[2-(3,4-difluoro-phenyl)-
ethylamino}-G-methyl-2-oxo-2H-pyrazin-1-yl}-acetamide;

N-(2-carbamimidoy!-{1,2]oxazinan-5-y})-2-[3-(2-indan-5-y}-ethylanzina}-6-
methyl-2-oxo-2H-pyragin-1-yl]-acetamide;

N-[2-carbamimidoyl-[1,2]oxazinan-5-y1)-2-{ 3-[2-{2-{lnoro-phenyD)-
ethylamina]-6-methyl-2-oxo-2-pyrazio-1-yl}-acctamide;”

N-(2-carbaminnidoy)-[1.2]oxezinan-5-y1}-2-{ 3-[2-(3,4-dimethoxy-phenyl)-
ethylamino]-G-methyi-2-0x0-21-pyrazin-1-yl}-acetantide;

N-{2-carbamimideyi-(1,2]oxazinan-5-y1)-2~{ 3-[2-(4-fluoro-phenyl}-
sthylamine]-6-methyl-2-nxo-2H-pyrazin-1-yl}-acetamide;

N-(Z-carbamimidoyi-[1,2[oxazinan-5-yD-2-{3-[2-{4-ethyl-phenyl}-
ethylaming]-6-methyl-2-oxo-2H-pyragin-1-y[} -zoetamide;

N-f2-carbamimidoyl-[1,2]oxazinan-5-y1)-2-[6-methyl-2-oxo-3-{2-phenyi-
propylamine}-2H-pyrazin-1-yl}-acetamide;

N(2-carbamimidoyl-[ 1,2[exazinan-3-y1)-2-{ 3-[2-(3 4-dimsthyl-phenyl)-
ethylamino)-6-methyl-2-oxo0-2H-pyrazin-1-yl }-acetamide;

N-{Z~carbamimidoyl-[1 .2]oxazinan—S—yl)-z-[&ﬁethyl—S—(Q—napht.halen—z-yl—
ethylaminoy-2~ox0-2H-pyrazin-1-y1]-acetamide;

N-(Z-carbamimidoyl-[ 1,2]oxazinan-3-y1)-2-[3-(2,2-diphenyl-propylaming)-6-
methyl-2-ox0-ZH-pyrazin-1-yl]-acetamide;

N-t2-carbamimidoyl-(1,2]oxazinan-5-y1)-2-[ 3-[2-(1H-indol-3-y1)-

cthylamino)-6-methyl-2-oxg-2H-pyrazin-i-yl}-acetamide;

JP 2004-504305 A 2004.2.12
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N-(2-carbamimidoyl-[1,2]oxazinan-5-yl)-2-{ 6-methyl-3-[2-(¢-methyi-
naphthalen-1-y1)-sthylaming] 2-ox0-2 H-pyrazin-1-y1 }-acetamide;
N-{2-carhamimidayl-[1 Zloxazinan-5-yl}-2-{3-12-(2 A-diflaora-phenyl)-
ethylamine]-6-methyl-2-ono-2H-pyrazin-1-yl} -acetamide;
N-(2-carbamimidoyl-[,2]oxazinan-5-y1)-2-£3-(2,2-difluoro-2-phenyi-
ethylamino)-6-methyl-2-0Xo-27I-pytazin-1-yl}-acctamids;
W-{3-imina-{1,2,4]oxadiazinan-6-yimathy1)-2-(6-meibyl-2-0x0-3-
phenethylamino-2H-pyrazin-1-yi)-acetamide;
2-(5-chloro-6-methyl-2-0x0-3-phenettiylargino-2 F-pyrazin-1-yl)-N-(3-imine-
(1,2.4loxadiazinan-6-ylmethyl)-aceiamide;
2-[3-(2,2-diphenyl-ethylamino}-6-methyl-2-oxa-2H-pyrazin-1-yl]-N-(3-
imino-[1,2,4Joxadiazinan-6-yimethyl)-acetamire;
2-[5-chloro-3-(2,2-diphenyl-ethylamino}-6-methy)-2-oxe- 2H-pyrazin-1-yl}-
N-(3-tmino-[1,2,4]oxadiazinan-6-ylmethyl)-acetamide;
N-{3-imino-[1,2,4Joxadiazinan-6-ylmethyl)-2-[6-methyl-2-0x0-3-(2-p-tolyl-
ethylamino)-2H-pyrazin-1-yll-acetamide;
N-(3-imino-[1,2.4]oxadiazinan-&-ylmethyl)-2-{ 3-[2-(4-methoxy-phenyl)-
ethylamina}-6-methyl-2-ox0-2H-pyrazin-1-y1} -acetamide;
N-(3-mino-{},24]oxadiazinan-6-ylmethyly-2- | 6-meshyl-2-0xo-3-[{1-phenyl-
cyclobutylrpethyl)-amino}-2H-pyrazin-1-yl}-acetamide;
N-(3-imino-{1,2,4Joxadiazinan-6-ylmethyl)-2-[6-methyl-3-(2-naphthalen-1-
yl-ethylamino)-2-oxo-2H-pyrazin-1-¥1}-acctamide;
M-(3-imino-[1,2,4]oxadiuzinan-6-ylmethyl)-2-[6-methyl-2-0x0-3-(2-phenyl-
butylamino)-2H-pyravin-L-yll-acetamide;
2-[3-(2-benzol 1,31dioxol-5-yl-ethylamina)-6-methyl-2-oxo-2 H-pyrazin-1-
yl]-N—(B—imino-[1.2.4}0xadiazinan—éry}methyl)facﬁlanﬂde;
N-(3-imino-[1,24Joxadiazinan-6-ylmethyl)-2-{6-methiyl-2-oxg-3-(2-pynadin-
2-yl-ethylaming)-2H-pyrazin-1-ylj-acetamide;
A-{3-imino-[1 ,2,41()_xadiazinan-6-y!mcthyl)—Z-{ G-methy1—2—0x0—3-(2wn-rc;lyl-
ethylamino}-2H-pyrazin-1-yl]-acetamide;

JP 2004-504305 A 2004.2.12
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M-(3-imino-{1 ,2,4]oxadiaﬂnm-6-yImclhyl)—2—[6-meﬂ1y1—2;0x0ﬂ3-f 2-mi-tolyl-
ethylamine}-2H-pyrazin-1-y1}-acetamide;, #

N-(3-itnino-[1,2,4]oxadiazinan-6-yimethyl)-2- [ 6-methyl-2-0x0-3-[2-(2-
trifiuoromethyl-phenyl)-ethylamina]-2H-pyrazin- -yl }-acotamide;

N-(3-tmino-[1,2,4)oxadiaziran-6-ytmethyl)2-{ 6-methyl-2-0x0-3-[2-(3-
trfluoromethyl-phenyl}-ethylamino]-2H-pyrazin-1-yl} -acetamnide;

N-(3-imino-[1,2,4]oxadiazinan-6-ylmethyl)-2-{ 6-methyl-2-ox0-3-[2-(d4-
triflucromethyl-phenyl)-ethylnine]-2H-pyrazin-1-yl | -acetamide;

2-{3-[2-(3,5-dimethyl-phenyl)-cthylamina]-6-methyl-2-ox0-2 H-pyrazin-i-
y1}-N-{3-imino-[ 1,2 4]oxadiazinan-6-ylmethyl)-acetamide;

N-{3-imino-f1,2 4]oxadiazinan-G-ylmethyl)-2-[3-{indan-2-ylaminn)-6-
raethyl-2-oxo-2H-pyrazin-1-yl]-acetamide;

2-13-[2-(3 4-difluoro-phenyl)-ethylamino]-6-methy}-2-oxo-2H-pyrazin-1-
y1}--(3-imino-[1,2,4]oxadizzinan-6-ylmethyl}-acetamide;

N-(3-imino-[1,2 4]axadiazinan-6-ylmethyl)-2-[3-{2-indan-5-yl-ethylamino)-
G-methyl-2-oxo-2H-pyruzin-1-yl]-acetamide;

2-{3-[2-(2-fluoro-phenyi)-ethyl amino]-G-methy]-2-oxo-2 H-pyrazin-1-yI | -N-
{3-imino-[1,2,47oxadiaziran-6-ylmethyl}-acetamide;

2-{3-[2-(3 4-dimethoxy-phenylethylaminc]-6-methyl-2-oxo- 21 -pyrazin-1-
y1}-N-(3-imino-[1,2 4]oxadiazinan-0-ylmethyl)-acetamide;

2-{3-[2-{4-fluoro-phenyl)ethylamino)-6-methyl-2-ox0-2H-pyrazin-1-yl} -N-
(3-imino-{1,2,4]1oxadiazinan-6-ylmethyl}-acetantide: .

2-1 3-[27{4~eﬂ1ylfph§:nyl)vethylamino]—6—mc&nyl-i—oxu-Eprrazin-]-yl }-N-
(3-iﬁin& [1,2,4]oxadiazinan-6-ylmethyl-acetamide;

N-(3-imino-]1,2 4Joxediszinun-G-yimethyl)-2-{o-roethyl-2-oxo-3-(2-phenyi-
propylamino)-2H-pyrazin-1-yi]-acetamide;

2-{3-[2-(3 4-dimethyl-pheayl)-cthylamine)-6-methyl-2-ox0-2H-pyrazin-1-
y1}-N-(3-imino-[1,2 4]oxadiazivan-6-yimethyl)-acetamide,

N-{3-imino-{1,2 4Joxadiazinan-6-ylmethyl)-2-[6-methyl-3-{Z-naphthalen-2-
yl-cthylamino}2-oxo-2H-pyrazin-1-yl}-acetamide;

PCTAISNIf22302
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2-[3-(2,2-diphenyl-propylamine)-6-methyl-2-oxo-2H-pyrazin- 1-y1]-N-(3-
iming-[1,2,4joxadiazinan-6-ylmethyl)-acetamide;
N-(3-imino-[1,2,4)oxadizzinan-6-ylmethyl)-2-{ 3-[Z-(1H-indol-3-y1}-
ethylamino]-6-methyl-2-oxa-2H-pyrazin-1-yl} -acetarnide;
N-(3-imino-[1,2,4)oxadiazinan-6-yimethyl)-2-{ 6-methy)-3-[2-(4-methkyl-
paphthalen-1-yl)-ethylaminel-2-oxo-2H-pyragin-1-yl }-acetamide;
2-{3-12-(2,4-difluoco-phenyl)-cthylamino]-6-methy)-2-oxo-2#-pyrazin-1-
yi1-N-(3-imino-[{,2 4Joxadiazinan-6-ylmethyl)-acetamide;
N-(3-imine-[1,2,4]oxadiazinan-6-ylmethyD-2-[6-methyl-2-oxo-3-(2-p-tolyi-
ethylamine)-2H-pyrazin-1-yll-acetamide; and
2-[3-(2,2-diffuoro-2-phenyl-ethylamine)-6-methyl-2-oxo-2Hpyrazin-1-yi]-
N-(3-imino-[1,2,4loxadiazinan-6-ybnethy!)-acetamide,

and pharmaceutically acceptable salts thereof.

17 Acompovnd of claim 1, wherein B! comprises a radinactive atom.

8. A compoungd of claim 17, wherein said radicactive atom is a radioactive

jodine atom selected from I-123, I-131 and 1123,

19, A pharmaceutical composition, comprising a compound of claim { and a

pharmaceutically acceplable cacricr.

20, A pharmaceutical composition, comprising a compound of claim 14 and a

pharmaceutically acceptable carrfer.

21 A pharmaceuticsl compasition, comprising a campound of claim 16 and a

pharmaceuticaily acceptable carrier.

22, A method of inhibiting a protease, comprising contacting the protease with

a compound of claim L.

JP 2004-504305 A 2004.2.12
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23, A method according to claim 22, wherein said protease is leukocyle
neutrophil elastase, chymotrypsin, trypsin, pancreatic elaswase, cathepsin G,

thromabin, facter Xa, thermolysin, or pepsin.

24. A method according to claim 22, wherein said protease is thrombio.

25, A method of reducing the thrembogenicity of a surface, comprising coating,

cmbedding, adsorbing or covalently attaching a compound of claira | tosaid surface.

26. A methed of treating aberrant proteclysis in a mammal, comprising

administering a compound of caim I to the mammal.

27. A method of treating thrombosis associated with ischemfa, viral infections,
stroke, cancer, restenosis, myocardial infarction, disseminated intramuscular
coagalopathy which cccurs during septic shock, unstable angina, disserninated
intramuscular coagulation caused by trauma, coronary arery bypass, hip
replecement, thrombolytic therapy, sepsis, hemodialysis, adult respiratary distress
syndrome, cheumatofd arthritis, wlcerative colitis, induration, metastasts,
hypercoagulability during chemotherapy, Alzheimer's disease, Down’s syndrome,
fibrin formation in the eye, wound healing, or inflammation in 2 mammal,

comprising administering a compound of olaim [ k» the mammal.

28, A method of reducing blood coagelation in 4 mammal, comprising

administering & compound of claim 1 te the rmammal.
29. A method of detecting thrombin in a imarmmal, comprising:
(@) administering a compound of claim 17 to the marpmal; und

() detecting sajd compound bound to said thrombin.

30. A method according (o claim 25, wherein said surface i5 a sient.

JP 2004-504305 A 2004.2.12
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31. A pharmaceuticsl dosage form comprising from about 0.1 to thout 500

milligrams of a compound of clatm 1.

32 A dosape form wccording to clam 31 adapted for parenteral or oral

administration.

5 33. A process for preparing a compound of claim 1, comprising:

condensing or coupling a compound of formula:

HNL 0 R VY VAt iy
| I!J\ N—R?®
! o
oy e (‘;" S
L

or a salt thereof, with a compound of Formula T

Nl/gr/# a H
w
\N/krr’\Hj\OH

H

Q R®
10 where W, R?, R R® B®, R®, R® n, m and | are as defined in claim 1.

JP
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rally Bicavailable Thrombin ... "
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FURTHER INFORMATION CORTINUED FROM  PCTASAS 717

Continuation of Box [.1

Althaugh claims 22-28. 30 are directed to a methog of treatment of the
numans/animal body. the search has been carried out and based on the
alleged effacts of the compound/compesitien,

Although ¢laim 29 15 directed ta a diagnostic method practised on the
human/animal body, the search has been carried out and based on the
alleged affects of the compaund/composition.
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