TI TLE EFFI Cl ENT PROCESS FOR THE PREPARATI ON OF A FACTOR XA | NHI BI TOR FI ELD
OF THE I NVENTION This invention relates generally to an efficient process
for the pvepzesabi on of a benzi soxazol yl - pyrazol e. Benzi sorarobkyil/2spysr azol es
are useful as factor Xa inhibitors BACKGROUND OF THE | NVENTI ON Factor Xa
inhibitors Iike those of Formula | a showm below. |a are currently being

i nvestigated as potential drug candidates. As a result, large quantities of
t hese conpounds are needed to satisfﬁ gh'nical demands. W98/ 57951

descri bes the synthesis of the conpo i Formula la, as its

trifl uoroacetgeracighesabkochss fobk owse | PRt bR ABOYIE. OF O eeitEoR the pyrazol e
carboxylic acid and aniline are coupled and isolated as a free base. The 3-
cyano-4- fluorophenyl group of theINEIBITORg product is then converted to
1-anigobenzisoxazo|e. One problemwith this procedure is that the
acid-aniline coupling product is difficult to purify. A second problemis
that the conversion to the I1FrRELDODENZHE OKNSIZENEIONI ety requires the
presence of a eroqgkrexpensive base such KO - Bu. I%ﬁpan be seen that

the preparati dRis BRVEHHGIh RS ARRePhY & At Affiomsrs it is

desirabl {2 dddNEAN the preparation of a benzisoxazolyl-pyrazole.

Benzisoxazolyl-pyrazoles are useful as factor Xa inhibitors.

10
BACKGROUND OF THE INVENTION
Factor Xa inhibitors like those of Formula Ia shown
below:
F3C
I\ m T
N N
Y \
P\
N
/// NH, L§/
Oo—n
15 Ta

are currently being investigated as potential drug
candidates. As a result, large quantities of these compounds
are needed to satisfy clinical demands.

W098/57951 describes the synthesis of the compound of

20 Formula Ia, as its trifluorocacetic acid salt, as follows:



efficient synthesis of such a conpound. ' SUMVARY OF THE | NVENTI ON
Accordi ngly, one object of the present invention is to provide a novel

process fwoopespari ng a conmpound of Formula | . It is anoraeUSamsewst of the
present invention to provide internediates that are useful in preparing a
conpound of Forrmula I .It is another object of the present invention to

salt, crystalline, and solvent forns of Fornmula | . It is
of the presept invention to provF phar maceut i cal
conpositio rdesi Ng @ pharmaceutical Iy accept ier and a

t her apeuti calfy JBf f ect 1 veyamunt ofgat | east one Mf aQunds of the
present inveldti dh or a phagnaeutically _acceptabl eXsal bf . LK iS
anot her obj of thé present ntion to provi de~g tf eating

t hr onboenbo i sorders conpr#gyﬁg adm ni stering i nfhéed of such
treatment a t eﬁﬁbeutically effective anmount of a one o e
conpounds of fhe present invention or a pharnmaceutig

thereof. It is another object of the present invention to provide novel
conpounds for use in ther;gy. It is another opfect of the present invention
3

to
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provi de n®
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In the above procedure, the pyrazole carboxylic acid and
aniline are coupled and isolated as a free base. The 3-

5 cyano-4-fluorophenyl group of the resulting product is then
converted to l-aminobenzisoxazole. One problem with this
procedure is that the acid-aniline coupling product is
difficult to purify. A second problem is that the
conversion to the l-aminobenzisoxazole moiety requires the

10 presence of a strong, expensive base such as KOt-Bu.
It can be seen that the preparation of a compound of
Formula I is difficult. Thus, it is desirable to find an

efficient synthesis of such a compound.

15 ‘ SUMMARY OF THE INVENTION
Accordingly, one object of the present invention is to
provide a novel process for preparing a compound of Formula
I.
It is another object of the present invention to
20 provide intermediates that are useful in preparing a

compound of Formula I.



provi de the use of novel conpounds for the manufacture of a nedi canent for
the treatnment of a thronboenbolic disorder. DETAI LED DESCRI PTI ON OF
PREFERREWG&NBLISHWVENTS Thus, in an enbodi nent, the presentPCTSOIIIS®0®
provi des a novel process for nmaking a conpound of Formula : conprising: (c)
contacting a conpound of Formula IVa with maleic acid to forma conpound of

Formula I'V;V (@) iGonM@yiHetd objemand el preis@ta inen® idrcagpound of
Formula V ; and, (e) forming a conpound of Formula | . In a preferred
enbodi meREovige @ovel sitldot vy Skt 1msl eipdSasiod vied tp it i n t he
presenceF%Erﬂlflr t solvent, ethyl acetate. In another preferred

enbodi nment’, (? a second sol vent, 1-chl orobutane, is added to enhance
pr eci pi tati on Itl rlearmtdtérerproéﬁ@rdtedamrmmjipmmtent( d)lvientriemf drared by
contactin oy&ﬁ% und of Farmyla IV with HONHCOCH.3.in the presence of a

base and¥; ARMACEHHITE GOIRASdd BT CHREE & base is sel ect ed
from Kz%ar%c%ldﬁi@% 3ol 12 K iNaOEnRd t}f&gﬂalﬁétﬁﬁcgahqry pr eferred

enbodi ment, the base is K Q03 I n anot her preferred enbodi nent, (d) ,
the sol veftfective emaunt ofmanhvBeasivsDe HErdthiey IoepRosItcH rttﬁ1é:heand DMVF. In

?goggggb &%%%%%gqgﬁﬁgﬁib%? &‘a %ﬂg¥%acéd%icaﬁh&3% ééiggﬂie(égﬁyISIng 0.5
thereof.

10 It is another object of the present invention to
provide a method for treating thromboembolic disorders
comprising administering to a host in need of such treatment
a therapeutically effective amount of at least one of the
compounds of the present invention or a pharmaceutically

15 acceptable salt thereof.

It is another object of the present invention to
provide novel compounds for use in therapy.
It is another object of the present invention to

provide the use of novel compounds for the manufacture of a

20 medicament for the treatment of a thromboembolic disorder.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Thus, in an embodiment, the present invention provides

a novel process for making a compound of Formula I:

FyC
7\ F
Yo A
N N
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e
// NH, g/N
O—nN * pel
25 I

comprising:
(c) contacting a compound of Formula IVa with maleic

acid to form a compound of Formula IV;



In anot her preferred enbodinent, in (d) , the solvent is DMF, conprising:
10, 11, 12, 13, 14, to 15% by volune of water . In another preferred
enbodi mrewoQ ot/ewep@) , the solvent is DVMF, conprising: 15% PgTNVed1ASR06OT
water. In another preferred enbodinent, (e) is perforned by contacting a
conmpound of Forrmula Vwith HOJ in a solvent selected from nethanol,
acetonitrile, isopropyl alcohol, ethanol, propanol, acetone, nethyl

i sobutyl ketone (MBK) , 2-butanone, and nger I n anot her preferred
enbodi nent, (e) i §%er f or ned by contacting onpounq,of Formula V with HC
in ethanol.ln anot hér \preferfed enbodlnent,N h c%np und of Formula | is a
nono- HCl salt . | n agot ferred enbodi npouq@ of Formul a
is crystalline. In apother er enbodi t Oth nd of Formula I
is a solvate selectEED ron1e ha Esgj propanol sopropangl N\ acetone, M BK
2- but anone, and wat'e a nor referred e ogiyment, t

conpound of

Formula | is an etha solmate I n anot her odi ngrt, the present
i nvention provides a novel process for naklng a é@ﬁbo&ﬁﬂ of Formula I Va:
conprising: (b) coupling conpogpds of Formulagy/ Il ang Il to forma
conpound of Forrmula | Va. / 1

N

(\
‘// NH,
O—N
v
(d) converting a compound of Formula IV to a compound

of Formula V; and,

5 (e) forming a compound of Formula I.

In a preferred embodiment, in (c¢), contacting with
maleic acid is performed in the presence of a first solvent

7

10 ethyl acetate.

In another preferred embodiment, in (c¢), a second

solvent, l-chlorobutane, is added to enhance precipitation.

15
In another preferred embodiment, (d) is performed by
contacting a compound of Formula IV with HONHCOCH; in the
presence of a base and a solvent.
20

In another preferred embodiment, the base is selected

from K;CO;, Na;CO3, KHCO;, NaHCO;, KF, NaOH, and KOH.



I n anot her preferred enbodi nent,

W thout purification in (c)

a solvent and a first base,
with a conpound of Fornula II1.

performed by contacting a conpound of Fornul a |

acetonitrile and pyridine,
wi th a conpound of Fornula Il

conpound of Far
second basel
enbodi nment ,
enbodi ment, the present
compoand of Formula I1:

. I'n anot her
per f or redvedy2/zom acti ng a conmpound of Formula |

t he conpound of Fornula IVa is used
preferred enbodinent, (b) is
wi t h an BCT/@S@csuosat or ,

foll owed by contacting the resulting solution

I n anot her preferred enbodi nent,
w th oxal yl

(b) is
chloride in

foll owed by contacting the resulting solution

In anot her preferred enbodi nent, after a

h h I
SR o AR ST R amUnd o B mula 11

t he second base is diisopropylethylamne .
i nvention provides a novel
(a) contacting a conmpound of Formula V I

| n anot her
process for making a
with a

conpound of Farmila Yl tpofé‘fylee@ f‘e?f%ﬂa@%@n@ hor me)a \ddd ,S@%na a.is)

converti ng a conpoun

of "Formul a VI|

to a conpound of Formula Il. In

anot her ewtieditrenttromh ®M§iCes ®MAC, n%mtbwlpw@m@@simqmelanﬁ)rﬁwund of

Formula | : | wherein I

enbodi nent ,

is a nono-HC salt.
t he conpound of Fornul a |

I n anot her preferred
is crystalline.

10 In another preferred embodiment, in (d), the solvent is
DMF, comprising: 0.5 to 50% by volume of water.
In another preferred embodiment, in (d), the solvent is
15 DMF, comprising: 10, 11, 12, 13, 14, to 15% by volume of
water.
In another preferred embodiment, in (d), the solvent is
20 DMF, comprising: 15% by vqlume of water.
In another preferred embodiment, (e) is performed by
contacting a compound of Formula V with HCl in a solvent
25 selected from methanol, acetonitrile, isopropyl alcohol,
ethanol, propanol, acetone, methyl isobutyl ketone (MIBK),
2-butanone, and water.
30 In another preferred embodiment, (e) is performed by

contacting a compound of Formula V with HCl in ethanol.

in

a



I n anot her preferred enbodi nent, the conmpound of Fornula |I is an ethanol

sol vate. I n another enbodi nent, the present invention provides a novel
conmpound vob oFarpl a |1 V: I n anot her enbodi ment, the present PCTVWEOIA8006

provi des a novel compound of Fornula Va: Va or a pharmaceutically
acceptable salt formthereof . In another enbodi nent, the present invention
provi des noveInphaonheeupkeébrcedpembbd@msptconbeisbmgpuadpbﬁrnaceuticalIy
acceptable ca and a the eutically effective anount of a conpound of
the pres ﬂFmFi ﬁtﬁﬁn dofteRe hgﬁ ggtlcally acceptabl e salt formthereof

I n anot her enbodi nent, the present i nvention provides a novel nethod for
treating a thronboenbolic disorder, conprising: admnistering to a patient
in need thereof a therapeutically effective amunt of a conpound of

t hepresent '”%E”E#BEP%E gr%?_%& 81%&588%&%“%&%61%% B3y Hermthereof. In
anot her enbodi e esent 1 nvention provides a gbnpoun of the
present Foyenlaom fier cugetmdltiher.apy. | n anot her enbodi ment, the present

i nvention provides the use of a conpound of the present invention for the
manuf acture of a nedi canent for the treatnment of a thronboenbolic disorder.
DEFI NI TIONS As used herein, the following terns and expressions

In another preferred embodiment, the compound of
10 Formula I is a solvate selected from ethanol, propanol,

isopropanol, acetone, MIBK, 2-butanone, and water.

In a more preferred embodiment, the compound of Formula

15 I is an ethanol solvate.

In another embodiment, the present invention provides a

novel process for making a compound of Formula IVa:

F3C
F.C
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20 Iva
comprising:

(b) coupling compounds of Formulas II and III to form a

compound of Formula IVa.

25
In another preferred embodiment, the compound of

Formula IVa is used without purification in (c).



have the indicated nmeanings . It will be appreciated that the conpounds of
the present invention may contain an asymmetrically substituted carbon
atom anovomy 24520 i sol ated in optically active or racem c POT/S01/A8806i S wWel
known in the art how to prepare optically active fornms, such as by
resolution of racemic forns or by synthesis fromoptically active starting
materials. Al chiral, diastereoneric, and racemc forns and all geonetric
isoneric forms of a structure are intended, unless the specific
stereochem stry or iso er formis specifically indicated. The processes of
t he present inventi are_cant enl : ragti.ce e a
mul tigram sca Q,aﬁpﬁﬁﬁféﬁfggg égang%ﬁgﬁﬁﬁS§§aﬁ#g§aﬁ§,g%?&P% S?t??gl scal e.
Ml ti gr appbg€akeings ausetpsene Bf Fsrpugherabivythhensealid woerieanoat, | east
one starting material is present in 10 %éﬁns or. nore, nore .preferably at

| east5 5018r anEO8VeRSr @ndedert e PBEES ef QLILYWEE PYaSCEGE Yrdmt "6 nore.
Mul ti ki | odram $6al 80133 sUsehiRer & BombSubft sRded iaiarant.he scal e wherein

I
nore than one Eﬁ?ogran1of at | east one starting material is used.Industrial
scale as used herein is intended to nean a scale which is other than a
| aboratory scale and which is sufficient to supply product sufficient for
either clinical tests or distribution to consuners. The term "substituted,

" as used her ghnaneRaRs PhalfaRkdoBabOEIRRE , hYB) 0genpeartdriieddesi gnat ed

atomare replaced with a selection fromthe indicated group, provided that

the 10 contacting a compound of Formula II with oxalyl chloride in
acetonitrile and pyridine, followed by contacting the

resulting solution with a compound of Formula III.

15 In another preferred embodiment, after a compound of
Formula II has been contacted with a compound of Formula

III, a second base is added to the reaction solution.

20 In another preferred embodiment, the second base is

diisopropylethylamine.

In another embodiment, the present invention provides a

25 novel process for making a compound of Formula II:

F4G F3C
7\ 7\ 7\
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N, F,C o Ny 74 | " oH
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comprising:



designated atoml s normal valency is not exceeded, and that the substitution
results in a stable conpound. Wien a substituent is keto (i.e., =0), then 2
hydr ogensvon2/24s80 at om are repl aced. Keto substituents areP@DUS@rasg@nt on
aromatic noieties. Wien a ring system (e.g., carbocyclic or heterocyclic)
is said to be substituted with a carbonyl group or a double bond, it is

i ntended that,the gro \sTalale i L.tk n)  of
the ring. The“%re%%ﬁ%ggﬁ%%%t%dﬁgwg&f%?gﬁgg% to %%2Y§Sﬁ§%§|a?%%ﬁ%$%§aof

at ons ocsfIrFdmgulia VhE poesSent &oopaumasd.of sboopebai WETTideandiose at ons
havi ng the sanme atom c nunber but different_ mass n .. By way of general
exanpl e and w¥NoORY&H t g c?n,@“&?ﬁ%é’%ﬁ%%%%ou% C[Or“ﬁc? and
deuterium ¢sphepsstef carbon include C 13 and C-14. The reactions of the
synt heti c nethods claimed herein may be preferably carried out in the
presence of a base, the base being any of a variety of bases, the presence
of which in the reaction facilitates the synthesis of the desired product.
Sui t abl e bases may be sel ected by one of skill in the art of organic

synt hesi s. Suihahethasesmbo@iuget, btihe apeenent| inverdion, providasi 8 bases
including, but not limted to, alkali netal, alkali earth netal, thallium
and anmoRPRR hGeFBRaEs L aFRERY 4RSI phosphat es, and car bonates, i ncl udi ng,
but not limted to, sodium hyeroxide, potassium hydroxide, sodium
carbonat e, potassium carbonate esi um gar bonat e, thalliunmhydroxi de,

thallium carbonate, tetra-n-b iy\ ni ym car bonflt e,
N N
0 \
e
7N, L§/N
O—N ® ncl
10 I

wherein I is a mono-HCl salt.

In another preferred embodiment, the compound of

15 Formula I is crystalline.

In another preferred embodiment, the compound of
Formula I is an ethanol solvate.

20

In another embodiment, the present invention provides a

novel compound of Formula IV:



and ammoni um hydr oxi de. The reactions of the synthetic nethods clai ned
herein may b e carried out in solvents that may be readily sel ected by one
of skill waorbwso@rt of organic synthesis, the sol vents geP€T/akby2s8are any
one that is substantially nonreactive with the starting materials
(reactants) , internediates, or products at the tenperatures at which the
reactions are carried out, pce., tenperatures which may range fromthe
solvent's freezing tenperatur o the splvent's boiling tenperature. A

gi ven reaction may be carri eq\T/o i ¢ solvent, or a mxture of nore than
one sol vent. Depending on the warf]jc eactign step, suitable solvents
for a particular reaction step|may be ect ed. Sui tabl e ether sol vents

i ncl ude: dinme thoxyne thane, ahydr of'ur &y, 1, 3- di oxane, 1, 4-di oxane,
furan, diethyl ether, ethylen col dine et her, ethylene glycol

di ethyl ether, diethylene glycdl dMNrethyl ether, diethyl ene glycol diethyl
ether, triethylene glycol dinethyl ethes or t-butyl nethyl ether. Suitable
aprotic solvents may include, by vvayo;m%l e and without limtation,
tetrahydrofuran (THF) , dinethyl formam de (DWVF), dinethyl acetam de (DVAC)
, 1,3- dimethyl-3,4,5 6-tetrahydro-Z{4H -pyrinidinone (DWU), 1, 3-

di net hyl - 2-i m dazol i dinone (DM ) , N nethyl pyrrolidinone

5 In another embodiment, the present invention provides a

novel compound of Formula Va:

e
N
Z\,—NH, g/
O—N
va

or a pharmaceutically acceptable salt form thereof.

10

In another embodiment, the present invention provides
novel pharmaceutical compositions, comprising: a
pharmaceutically acceptable carrier and a therapeutically
15 effective amount of a compound of the present invention or a

pharmaceutically acceptable salt form thereof.

In another embodiment, the present invention provides a
20 novel method for treating a thromboembolic disorder,
comprising: administering to a patient in need thereof a

therapeutically effective amount of a compound of the



(NMP) , formam de, N-nethyl acetam de, N-nethylformam de, acetonitrile,

di met hyl sulf oxide, propionitrile, ethyl formate, nethyl acetate,

hexachl omoaorewme, acetone, ethyl nethyl ketone, ethyl ackPCBUS)1/3uwi6 ol ane,
N, Ndi net hyl propi onam de, tetranethylurea, nitronethane, nitrobenzene, or
hexanet hyl phosphoram de . The phrase "pharmaceutically acceptable” is

enpl Oyegpiaééeha iaveatesnt rt Aogracnapeundsalimt actgbsabtanpasiit Eors,
and/ or dosage fornms which are, within the scope of sound nedical judgnent,

sui t abl ethe¥regde in contact with the tissues of human beings and ani nal s
W t hout excessive toxicity, irritation, allergic response, or other problem
or conplication, commensurate with a reasonable benefit/risk ratio. As used
herei n, "phar taceubibakl ymhodipeabl etbal pseserfeinventaphvatrivadesf at he

di scl osed conBoHndg erein the gareng.congound is.nnggfied by making acid
or base SAPPSUPHePEorNCERBAPPRE ORVERArRRCERE | BEFI yRatCEpPREle salts
i nclude, but are not limted to, mneral or organic acid salts of basic

groups including, but not limted to, amnes, and alkali or organic salts
of acidic groups including, but not limted to, carboxylic acids. The

phar maceut i cal Ly aecapt afl£oafhilar | NEhudg, caauent LonaL 1BANGLBYIARal s of
quat ernary ammonrum-salts of € parent conpound forned, for exanple, from
non-t oxi ehknakgabifcaotonpganticoactHe. pkFesenxamplrentéonvénti ahal non-toxic
salts include those derived_,

10 manufacture of a medicament for the treatment of a

thromboembolic disorder.

DEFINITIONS
As used herein, the following terms and expressions

15 have the indicated meanings. It will be appreciated that
the compounds of the present invention may contain an
asymmetrically substituted carbon atom, and may be isolated
in optically active or racemic forms. It is well known in
the art how to prepare optically active forms, such as by

20 resolution of racemic forms or by synthesis from optically
active starting materials. All chiral, diastereomeric, and
racemic forms and all geometric isomeric forms of a
structure are intended, unless the specific stereochemistry
or isomer form is specifically indicated.

25 The processes of the present invention are contemplated
to be practiced on at least a multigram scale, kilogram
scale, multikilogram scale, or industrial scale. Multigram
scale, as used herein, is preferably the scale wherein at
least one starting material is present in 10 grams or more,

30 more preferably at least 50 grams or more, even more
preferably at least 100 grams or more. Multikilogram scale,
as used herein, is intended to mean the scale wherein more

than one kilogram of at least one starting material is used.

10



frominorganic acids including, but not limted to, hydrochloric,

hydr obrom ¢, sulfuric, sulfamc, phosphoric, and nitric; and the salts

pr epar ed Wo om4ap@ani ¢ aci ds i ncluding, but not |imted toPCHUSMIBH06

propi onic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, panoic, maleic, hydroxymaleic , phenylacetic, glutamc, benzoic,
salicylirndsﬂtfhmllécalé as et oag bearein, iéumnténdedotuenesuiho@aale

net hanesul f oni ¢, ethane disul f c, oxalic, and iset c The
pharnacéﬁ??%%l?? Aeeht HhFR %af%@oﬁﬁt?HX ﬁF@i@nFn nVi ﬁF Scan be

synt hesi zgdr { & pant heo PRy COPPQUBE Lhakieeshal E@raeQ%&eG: YLiggGiclic noiety
by conventional chem cal nethods. Generally, salts can be prepared by

reacti ngtesesrer atfursbubige torapnshmelese conpounds with a
R s B

organi c solv are-of t ral'l y,” nonagueous nedla
i ke et hehe thmbraCBydiegeﬂéhaﬁothelaéﬁﬁgﬁanéﬂ aﬁbm&@&@omdpﬂddEds
preferred, Lists of suitable salts,are found in Rem ngtaqgn_'

Phar nacetit FRaf Seiertisn i¥eR khe ln%eﬁtpébereﬁpngpéeﬁﬁé%ﬁﬁ t@z?éi&rlfle PA,

1985, p deéﬂéﬁatéaea%ﬁ%Oﬁefﬁaﬁef v)é@bﬁéy' § shRBEPYxRERIROr aliffl that
reference. AS used herein, "treating" 'treatnent” cover the treatnent of

a d|seasehstambstntatnanna¢$Ubastnnuhastﬁbﬂﬁ gohmernd .andfigrclaude: (a)
pre nggﬁgﬁﬁ%dlsgase Et@te fron1oc8yrr£ﬂ%n g %yg%ogens ghrggtlé%gﬁu,
are replaced. Keto substituents are not present on aromatic
moieties. When a ring system (e.g., carbocyclic or
heterocyclic) is said to be substituted with a carbonyl
group or a double bond, it is intended that the carbonyl
15 group or double bond be part (i.e., within) of the ring.

The present invention is intended to include all
isotopes of atoms occurring in the present compounds.
Isotopes include those atoms having the same atomic number
but different mass numbers. By way of general example and

20 without limitation, isotopes of hydrogen include tritium and
deuterium. Isotopes of carbon include C-13 and C-14.

The reactions of the synthetic methods claimed herein may
be preferably carried out in the presence of a base, the base
being any of a variety of bases, the presence of which in fhe

25 reaction facilitates the synthesis of the desired product.
Suitable bases may be selected by one of skill in the art of
organic synthesis. Suitable bases include, but are not limited
to, inorganic bases including, but not limited to, alkali
metal, alkali earth metal, thallium, and ammonium hydroxides,

30 alkoxides, phosphates, and carbonates, including, but not
limited to, sodium hydroxide, potassium hydroxide, sodium

carbonate, potassium carbonate, cesium carbonate, thallium

11



predi sposed to the disease-state but has not yet been diagnosed as having
it; (b) inhibiting the disease-state, i.e., arresting it devel opnent;
and/ or (oyonmb4eevi Ng the di sease-state, i.e., causing regPerssamsaic t he
di sease state. SYNTHESIS The processes of the present invention can be
practiced in a nunber of ways depending on the sol vent, base, and

t enper at Yr.8,6R988N- tAS1098m0kahEhAREY Skikh-hnbhiBglakhonlulr gariknate,
synt hesi s"recogni zes, the time for reaction to run to conpletion as well as

yi el d wi Bhdbempepénnehydupsiadall of the variables sel ected. The follow ng

schenmes show g, repr n [ t I C : e nt
invention.Preggﬁagﬁgﬁ%é?géoggu?%evgngﬁ%FQéIP%Egpagaﬁl%ém%gh€%%%§ to VIII
by a novekyhypdr aairié ednsutuihr appivegter ahedumey Bherkpdidzi seliecttedredi at e
can be prepared by treating VI with HJ and ,NaNO 2.. Preferably, VI is
addecP t oy €86l ed ekigl, in1gheoarscpisgrgerdf GYEHRES1Phe 2 can then

added an | yheraphef grabby,Mminat ahaed 1at sapkeapenatuke nehf rom
0-10C. A OP%%?%EOEEFEQXCCﬁ can beyggaed to tﬁe golution} SngfnéHZO can then
be addedrkactdwvel etiehf cheasitemtdhot metlkeydrdsi daeathantedul ti ng product may

be iSO|aE%%e%%e ig eE? %E %roﬁh%ﬁ%r%%'¥heiEeh%e%%%ﬁr%@ %Et%hich the
reactions are carried out, i.e., temperatures which may

10 range from the solvent’s freezing temperature to the
solvent’s boiling temperature. A given reaction may be
carried out in one solvent or a mixture of more than one
solvent. Depending on the particular reaction step,
suitable solvents for a particular reaction step may be

15 selected.

Suitable ether solvents include: dimethoxymethane,
tetrahydrofuran, 1,3-dioxane, 1,4-dioxane, furan, diethyl
ether, ethylene glycol dimethyl ether, ethylene glycol
diethyl ether, diethylene glycol dimethyl ether, diethylene

20 glycol diethyl ether, triethylene glycol dimethyl ether, or
t-butyl methyl ether.

Suitable aprotic solvents may include, by way of
example and without limitation, tetrahydrofuran (THF),
dimethylformamide (DMF), dimethylacetamide (DMAC), 1,3-

25 dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU), 1,3-
dimethyl-2-imidazolidinone (DMI), N-methylpyrrolidinone
(NMP) , formamide, N-methylacetamide, N-methylformamide,
acetonitrile, dimethyl sulfoxide, propionitrile, ethyl
formate, methyl acetate, hexachloroacetone, acetone, ethyl

30 methyl ketone, ethyl acetate, sulfolane, N,N-
dimethylpropionamide, tetramethylurea, nitromethane,

nitrobenzene, or hexamethylphosphoramide.
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VIIl can then be fornmed by addition of VII to the newy forned hydrazi ne.
This addition is preferably performed in the presence of MeOH and at a

t emrper at we@ oo246b¢ om 35- 55C. Preparation of Formula 11: || PCrRUd@EISa0s of VI I |
shoul d provide Il. The oxidation is performed by contacting VIII with an
oxidant in the presence of a solvent and optionally a buffer.One of

ordi nary skil bhenphhgsar tppavhdceeeegainay thakpesbdant 3 sskaplayadvnO or
NaCl 0 2 can be used. Preferably, KM0O , 1n the presence of a huffer, is

used as bhiesedni ganteivr| Eocshobee conppended Maten 18t EohSTBOSHNVEORS (€. g.

t-butyl al | )s e ensi: i r ef: I i | enperature
of fron1%§%gg%.bﬁﬁa %u£§3§gs§®ﬁ??bﬁ§§$ gagﬁgpé%h%ﬁg%ﬁi%gQﬂ%%gg@§% skill in
the art @Eeddcalngndoasint,s ediitmbileo fphrateeentinobpditatcd) widh tdhen be added.
Preferably, the buffer is_ahout 0.5 to ,AN. A ug us ,KMh0 4 can then be added
to the r &3EEUGH 841 BUFgR. PRAPGS PEATE SN WS ROR D ISREES SV an be

i sol at edErepgrat ;00 ;06 tEenMUlA 1le¥yi d Y%sg)%ﬂslé@ forr Rt memldned | and
Il . The coupling 1 s preferably perforned by contacting I | with an acid
act i vat ocomplicatdony egomaensiung tieh & ifhe e rea senadp Usa heng iyl /gdedk by
contactiQ%the resulting solution with Il . An acid activator |ike thionyl
chl ori de 8kalyl chloride can be used, with oxalyl chloride being a
preferred actiagatu@ed herein, "pharmaceutically acceptable salts"”

10 refer to derivatives of the disclosed compounds wherein the
parent compound is modified by making acid or base salts
thereof. Examples of pharmaceutically acceptable salts
include, but are not limited to, mineral or organic acid
salts of basic groups including, but not limited to, amines,

15 and alkali or organic salts of acidic groups including, but
not limited to, carboxylic acids. The pharmaceutically
acceptable salts include conventional non-toxic salts or
quaternary ammonium salts of the parent compound formed, for
example, from non-toxic inorganic or organic acids. For

20 example, conventional non-toxic salts include those derived
from inorganic acids including, but not limited to,
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric,
and nitric; and the salts prepared from organic acids
including, but not limited to, acetic, propionic, succinic,

25 glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic,
glutamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic,
fumaric, toluenesulfonic, methanesulfonic, ethane
disulfonic, oxalic, and isethionic.

30 The pharmaceutically acceptable salts of the present
invention can be synthesized from the parent compound that
contains a basic or acidic moiety by conventional chemical

methods. Generally, salts can be prepared by reacting the
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The addition of the acid activator i s preferably perforned at a
tenperature of from10-30C . Contacting |I | and oxalyl chloride can be
per f or reawv® omam9sol vent sel ected from acetonitrile, THF, ROUUREIISYI6ene
chloride, with acetonitrile being preferred. The first base can be sel ected

from DVAP, triethylamne, di isopropyl ethyl amne, N-methyl norpholine,
and pyri dijag, adih oY Ea'a%' ngo%fsn%fprtﬂe%rer edmpbigcamuy, @f first
basepresent 1s preferably fromO nol ar equi val ent based on I, nore

prefer abI%tqaic}nl@n@tztlmolaauouaquumfalt@m sppTieprdedier @@saarrmxntacufd agxal yl

chl ori de t be added wil A be . bas%gTon the armunt mgf eﬁ_etrﬁ |n t he
sol uti on "8 F% £& Afodht 519% r Vgglent n & 8o |on he ano V‘hn’t of

wat er prefeiira0ay, becdelgeicdiure thdad KNaMe RS, %ltﬁifla%.détfa’d@,rl Fi scher
t|trat|on Pref erably, t he nunber of noles of oxalyl chlorjide added is

equal 5t o hafglghtisPPgreaned it 195n aasdcfdhrdfl e Ké mmf@rrwd mollE$StF 11 and
wat er Prese 1t99>(i% lslal'%%s ap:%e'}fo%td \‘i@lt % 1nf? { rom ga&prl?tglé/glt h 111,

Pref erably, e reaction mxture 1's coole lor to
cont acti lﬂymzidea | [L7 tAf tegl. , c dMatcde thuing. ilsihlingi tdmntphelyr,eéztastmn,mB@t,ure a

second bas s_pr r.abl ded.. The secon se can be selected from

di i soprogﬁ%é ﬁ'l4ﬁ' p%lﬁ 56 Loswks g’llﬁ%i e%ﬁ’d N- net hyl

nmor phol i q%cdyﬁd}aq% HRLidmHam ne bel ng preferrred The amount of
second base present is prefer ably from about 1-3 nolar equival ents, nore

prefdPably abdut uged hsiraineqlitvgadifg” or “treatment” cover the
treatment of a disease-state in a mammal, particularly in a

human, and include: (a) preventing the disease-state from
occurring in a mammal, in particular, when such mammal is
predisposed to the disease-state but has not yet been

15 diagnosed as having it; (b) inhibiting the disease-state,
i.e:, arresting it development; and/or (c) relieving the
disease-state, i.e., causing regression of the disease

state.

20 SYNTHESIS
The processes of the present invention can be practiced
in a number of ways depending on the solvent, base, and
temperature chosen. As one of ordinary skill in the art of
organic synthesis recognizes, the time for reaction to run
25 to completion as well as yield will be dependent upon all of
the variables selected. The following schemes show a
representation of the overall sequence of the present

invention.
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based on the anount of Il present . Preparation of Formula IV: IV IV can be
formed fromlVa wth or without purification of IVa. Preferably, IVis
formed f oot Mmowmi t hout purification. IVa is usually isol BCEUS@L28306 0i | y
substance. I1Va is preferably taken up in a first solvent and maleic acid is
added. To this solution can be added a second sol vent to enhance or

accel er at@-g¥RGiHAdMAIdOIFmida Rrefrerably from 0.9 to 1.1 nolar equival ents
of maleic acid are present based on the anount_ (?f Il present, nore
preferably about 0.95 nol ar equival ents. The fi*st solvent can b e sel ected
fromthe group acetone, chloroform ethy, cet at i -propyl acetate,

i -propyl alcohol, and THE, and & r y etﬁ‘y tdte. The second
solvent can b e selected fromthe @ro 1- chl or obfit an hept ane, hexane,
met hyl ene chl ori de, ang g @ hl or obut ane .

ME, and |svg£eferably
Preferably, this react IS ru m t rature. Preparation of

Formula V : V V can be prepared by contacting |V YW ttenHONHCOCH 3 in the
presence of a base and aFsol vent. Preferably, thesase is selected from
K2C03, Na2C03, KHCO 3 , NaHQO 3, KF, NaOH, and KOH._w th K2C03 being a nore
preferred base. The sol vEht may b e selected fromvﬁféo, di et hyl f or mam de
(DWVF) VI can be converted to VIII by a novel hydrazine in-

situ trapping procedure. The hydrazine intermediate can be
5 prepared by treating VI with HCl and NaNO;. Preferably, VI
ig added to a cooled (e.g., -10 to -5°C) solution of HCI.
The NaNO; can then added and the solution preferably
maintained at a temperature of from 0-10°C. At this point,
AcOH can be added to the solution. SnCl,e2H,0 can then be
10 added to complete formation of the hydrazine. The resulting
product may be isolated or used in situ. Preferably, it is
used in situ.
VIII can then be formed by addition of VII to the newly

formed hydrazine. This addition is preferably performed in

15 the presence of MeOH and at a temperature of from 35-55°C.

Preparation of Formula II:

7\ 4
NQ OH
N
0
vizy —>
CN
F
II

Oxidation of VIII should provide II. The oxidation is
20 performed by contacting VIII with an oxidant in the presence

of a solvent and optionally a buffer.
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di et hyl acetam de (DMAC) , 1 ,3-dinethyl-3 ,4,5 6-tetrahydro- 2 (IH)
-pyrimdinone (DWPU), 1 ,3-dinethyl-2-imdazolidinone (DM) , and

N- net hyl pyo oob4686 none (NMP) . A preferred sol vent is DVW. PCT/USGL/38n@f er r ed
that the DVF conprises 0.5 to 5 % by volune of water, nore preferably, 0.5,
1, 2 3 4 5, 6 8, 9, 10, 11, 12, 13, 14, to 15% by vol unme of

) ) ) ) 7 )
wat er, even e 111, 142endBartbwoliald%bynyekuggsef water,
and still nnpgﬁgrg e%ggﬁgg¥ %%§§ voﬂun% ofaﬁatgﬁ. Preferggly, F[ﬁHCOCH 3,

DVF, andok2@83tar surhxed Kiigéhher Nall@wsdnbypecoritesbt i Ryafiquabdat.er . This

reaction_m xture i referably kept .at_about. 20- ._Upon_c . ng of
t her eact FURCH thrhréh '?ﬁe?wc%/h%gr%ﬁlﬁg P p?%%‘(ga;r%%]l gh%tlgﬁcg%ﬁ%t about
roomtenpeidt Haf bePeeRpealicdn iaf ahoaMubRolic koGarnke (kauned thbamy by

dissolving Vin a solvent and contacting this_solution wth HC .
Pr ef €% abRycohnd) sol Fhet suspsasienedst PEREREERANOMEIREEEEFS ALl 8, i sopr opyl

al cohol , et hanol, propanol, et.ope, t hyl _isobut etone.(M BK

2- but anoﬁ@f“pﬁﬁal:%gef% %rtoﬁl g?ﬁgﬁo . bgiﬂﬁgg%‘l%?se %%% &+ PRd°Eo v%%%?ev i s
pref er abky {;akeB HBoke arsahMant iGerfe, aethanob). ,aimoddbemier abdienof from
60-80C. HO 1s preferably contacted with the solution that is at_a

t enper at phesphateomprohadcatey efanabhgn breafided-s Preierabddholthe
sol uti O“Pﬁgggghgpgg{oh& ?)O.lsl‘tt'oo'lN'.s R&ﬁgg{lgbkﬁnb‘éPé%?.y{:héhcﬂgoédde!i

preferab i pi e romthe reacthon m xtur IS precipitation can
be enhangedthy eeakicignt kelmitiowr.e Adter the reaction is complete,

II can be isolated.

Preparation of Formula IVa:

CN
IVa

15 IVa can be formed by coupling II and III. The coupling
is preferably performed by contacting II with an acid
activator, in a solvent and in the presence of a base,
followed by contacting the resulting solution with IIX. An
acid activator like thionyl chloride or. oxalyl chloride can

20 be used, with oxalyl chloride being a preferred activator.
The addition of the acid activator is preferably performed
at a temperature of from 10-30°C.

Contacting II and oxalyl chloride can be performed in a

solvent selected from acetonitrile, THF, and methylene

25 chloride, with acetonitrile being preferred. The first base
can be selected from DMAP, triethylamine,
diisopropylethylamine, N-methyl morpholine, and pyridine,

with pyridine being preferred. The amount of first base
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a tenperature of about 0-10C. Preferably |I is a crystalline nono-HO salt.
More preferably, | is a solvate selected from ethanol, propanol,

I sopr opamed p2/aed one, M BK, 2- butanone, and water. Even pOT/@S@rasi@r ably, |
is an et hanol solvate. O her features of the invention will becone apparent
in the course of the follow ng descriptions of exenplary enbodi nents that

are givep QL li@%ﬁf&%ﬁy teem BVONtic0n A a3r %O@qwl@trﬁm%@,éd) b e
limting thereof .EXAMPLES Exanple 1 Preparation of VIII To a 40 L
Hast el | opn' @I, r et e fauablyi tih &5 Ovér medadraiggudviadie@ts + her nocoupl e,

condenser and_pitrpgen inlet, was _char cone.. .. 5.5 2 Th eact or
was cool ed tng‘& \ée%rf‘r-eé{]mq%&f ﬁfca%?;in Cglo Olrd“!a%f% g‘be Laédfdo&lﬁvags added
over 12 mWehWagedMir ecHaidiaAint g (e prreisentalin emee rsatlurtel dretasgerchd and
-7C. An additional 500 nmL of cone. HO was used to rinse down any V | hung

up onSt h&mRarts Off WA QRATNT e thes HAUYTd Fan S1RF AP @i nt ai ned at
-5C over (L] %f?i{e%%ﬂn 85 WU 2l ) Oy SRAAUM ni il e (4R0 9

6.5 nmol) in purified water was prepared. The first 1500 mL of the
sodi um nikarilt &isaher dni tweest iadded Ponedier20® v, nithes nvidregi o e liast evhal

e e (O RA A00 el Lo e SLoRtlct, Al S or e
the sum of the number of moles of IXI and water present.

10 Once II has been activated, it can be contacted with
III. Preferably, the reaction mixture is cooled to from 0-
10°C prior to contacting with III. After contacting III with
the reaction mixture, a second base is preferably added.

The second base can be selected from diisopropylethylamine,

15 pyridine, DMAP, triethylamine, and N-methyl morpholine, with
diisopropylethylamine being preferrred. The amount of
second base present is preferably from about 1-3 molar
equivalents, more preferably about 2.2 molar equivalents

based on the amount of II present.

20
Preparation of Formula IV:
F5C,
I\ w ]
) W@L ’
N N
0 \
NN
IVa ——» N
[¥™x
N ° k/
3 —
HO,C CO,H

v

IV can be formed from IVa with or without purification
of IVa. Preferably, IV is formed from IVa without
25 purification. IVa is usually isolated as an oily substance.
IVa is preferably taken up in a first solvent and maleic
acid is added. To this solution can be added a second

solvent to enhance or accelerate precipitation of IV.
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equilibrate to 2-3C. The addition of sodiumnitrite solution was resuned
and the remaining 1.7 L was added over 30 mnutes, while maintaining a

t enper at we 0469 7C. The batch was agitated for an additi PORUSG®RSMINUL es at
6C . Acetic acid (1.8 L ) was added in one bolus with no appreciable change
in the internal tenperature (6C . A solution of Snd .2H 0 (2.8 kg, 12.2

mol ) masPPéfgfégﬁ%:@r%m ok H%g angd 1.9alk @bueQBeenks o2nflaaddedated he

reaction over nut es | e maintaining the tenperature between 6-10 C.
The resuhrengraheme bmﬁb@sbakéhelamgun§lQﬁrﬁimﬁgeégﬁﬁat@érﬁor an addi ti onal

30 I h b d
30,1 Ut eo, leLhano (A0 b hevescharaatas ans boks Lot Beatesi o on

4,4, 4-tr LEhUupeOs2atetiEa Ifr%mbuhang@‘bapea(c\éltlonessambxofozmkg,etﬁya mol) in
3.1 L of MeOH was added over 35m nutes while nalntalnln% an internal
t enper at aﬁét%emyéﬁmllmoprlt éf:eaéaﬁm SRREPYoRpIcebel .t RE%hAFER was hel d

bet ween gg 3°9¢ %f%%a]%qg)r %F%afe \Ahe&%lép%cto%a heat, s cshuheof f and

the resulting orange s to cool to anbient tenperature
over ni ghtefl&6tkd) fuotderthe gmbmpgéﬂchﬂmmst¢m@e Th@pﬁ@mﬁ mvexieng, the batch

was cool ed further hel p pro reC| t.ation L1 The bat ch was
cool ed dBfAPYeHE 5%& 'fépgp&ﬁ ésb§F5¢%'§¥ Spilng the slurry onto
a Dacronchi bi-gbuthelh '@r%f%%aﬁﬂgBU%Bﬂ%r Hedttalon The rhinl bratbemtt ook 1 hour

and the cake depth was determn to be 3.5 cm The cake was rinsed with
10 room temperature.

Preparation of Formula V:

\
L

V can be prepared by contacting IV with HONHCOCH3 in the
15 presence of a base and a solvent. Preferably, the base is
selected from K,CO;, NayCOz, KHCOz, NaHCO;, KF, NaOH, and KOH,
with K,CO3; being a more preferred base. The solvent may be
selected from DMSO, dimethylformamide (DMF),
dimethylacetamide (DMAC), 1,3-dimethyl-3,4,5,6-tetrahydro-
20 2(1H)-pyrimidinone (DMPU), 1,3-dimethyl-2-imidazolidinone
(DMI), and N-methylpyrrolidinone (NMP). A preferred solvent
is DMF. It is preferred that the DMF comprises 0.5 to 50%
by volume of water, more preferably, 0.5, 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, to 15% by volume of water, even
25 more preferably 10, 11, 12, 13, 14, to 15% by volume of
water, and still more preferably 15% by volume of water.
Preferably, HONHCOCH:, DMF, and K;CO; are mixed together

followed by contacting with water. This reaction mixture is

preferably kept at about 20-30°C. Upon contacting of the

18



3 L of cold (0-5 C 50/50 isopropanol /water followed by . L of water. The
wet cake (3.4 kg) was dried to constant weight in a vacuum oven at 5C and
22 mm Hg voo er246be weekend to produce 1.3 Kg of VIII as a perswseis d (1.3
Kg, 94.5 wt% 71.7%corrected yield). Exanple 2 Preparation of Il A 50 L
Hastell oy C reactor, equipped with an overhead air stirrer, a thernocouple,
an addi t QR fURRelni A LGRS IV, ARG A rlalt@en iisnbet frersihacgad-rdd h
nelted tbutyl alcohol (10 L ) , followed by solid VIIl (1160 g ) . An

addi ti onalt equrewtt tnyoaof tenper@itugiecohol (4.5 L ) was used for purposes of
rinsing the original containers and was added to the reactor. The
suspensi on was warned to between 38 C and 45C until a honbgeneous sol ution
resul t ed prpaaGitd@is oI IRdrmwlaofr :nonobasi ¢ sodi um phosphat e nonohydr at e
(1245 g in 5.2 L of purified matqgé was added to the m xture over approx.
15 m n between 35C and 45C. Celité@r) 545 (3.2 Kg) was added to the
reactor between 38C and 45C and sti#/ri\ng was fraintained to insure even

di spersion of the solid. A comrer cital ¢ us sol ytion of sodium

per manganate (5.76L ) was added sIomFy Qver ro§§rﬂ&§ h , maintaining an

internal tenperature range_between y+e reaction nass was
allowed to cool to ambi &nt t enper at | dwoverni ght with
continuous stirring. The next norni m xture” was again heated to

I can be formed from V by dissolving V in a solvent and
contacting this solution with HCl. Preferably, the solvent
is selected from methanol, acetonitrile, isopropyl alcohol,
ethanol, propanol, acetone, methyl isobutyl ketone (MIBK),

10 2-butanone, and water, with ethanol being a more preferred
solvent. V is preferably taken up in a solvent (e.g.,
ethanol) at a temperature of from 60-80°C. HC1l is preferably
contacted with the solution that is at a temperature of from
20-40°C. Preferably, the HCl is in an alcoholic solution.

15 The alcoholic solution is preferably i-propyl alcohol.

I preferably precipitates from the reaction mixture.
This precipitation can be enhanced by cooling the mixture to
a temperature of about 0-10°C. Preferably I is a crystalline
mono-HC1l salt. More preferably, I is a solvate selected

20 from ethanol, propanol, isopropanol, acetone, MIBK, 2-
butanone, and water. Even more preferably, I is an ethanol
solvate.

Other features of the invention will become apparent in
the course of the following descriptions of exemplary

25 embodiments that are given for illustration of the invention

and are not intended to be limiting thereof.
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bet ween 45C and 50C and t-butyl nethyl ether (6.0 L ) was added, followed
by solid Celite(r) 545 (3.2 Kg) and neutral alumna (4.15 Kg). The m xture
was stirmedot/pe9@pprox. 15 min, filtered, and the cake waBCT/URGIea406 t h
t-butyl nethyl ether (6 L total rinse volune) . Al filtrates obtained were
reconbi ned and the solvents were renoved by distillation. Wen the
distillation had ceased, purified Wta8fPL(fs L ) was added, followed by a
second distillation. The clear, ho%%gﬁnfgu? resi due was diluted with water
to give 18 L of total solution. n- or obut ane (8 L ) was added, the

bi phasic m xture was sl owy sbiepagatabnlébfnvnrrand the upper |ayer was
separated and di scarded. The_weakly basi c aquequs | ayer_was cooled to

bet ween 3C an@°o7€ 4Rd13H%:4&§d4e6Ys “é”t Feeckerdfdsret WA thsas PverRsehdded,

mhergypogi&h%§ﬁt ?,lkhQEEBEBh i%?dco @%n%%&ig%g“ﬁﬂ%rgg%%e%EﬁQtQYWas_

filtration an e cake was rinsed wth purifi wat er total rinse
vol ume) chéégedyebhnaw HCIwGS .patked dhe aedctoredasocoodsaro wei ght in a
vacuum oven at 70C, affording dr¥ Il (815.1.9 . 98.8 wt-% 75%yield).
Exanpl e Bebiiesar abi 8RS 1O7F - | 1 VI chhaBeSptEPar &80 9+ aecdrBRhEe"@Fth t he

01 220035 FET Gy Ty BeEBE50 Y Beirca iR e R R ety
i ncor por akaghhy ciekerrGRenThe hall owrdg |ifnafdditional 500 mL of
10 conc. HCl was used to rinse down any VI hung up on the walls
of the reactor. The resulting tan slurry was maintained at
-5°C over the next 10 minutes while a solution of sodium
nitrite (450 g, 6.5 mol) in 3.1 L of purified water was
prepared. The first 1500 mL of the sodium nitrite solutién
15 was added over 20 minutes wherein the internal temperature
rose to 10°C. The addition was stopped for 30 minutes in
order for the internal temperature to cool down and
equilibrate to 2-3°C. The addition of sodium nitrite
solution was resumed and the remaining 1.7 L was added over

20 30 minutes, while maintaining a temperature of 5-7°C. The

batch was agitated for an additional 30 minutes at 6°C.
Acetic acid (1.8 L) was added in one bolus with no
appreciable change in the internal temperature (6°C). A
solution of SnCl,;.2H,0 (2.8 kg, 12.2 mol) was prepared in 1.9
25 L H,0 and 1.9 L of conc. HCl and added to the reaction over
55 minutes while maintaining the temperature between 6-10 °C.
The resulting white “milkshake-like” slurry was agitated for
an additional 30 minutes.
Methanol (10 L) was charged as one bolus into the
30 reactor and the reaction mixture was heated to 40°C. A
solution of 4,4,4-trifluoro-2-furyl-1,3-butanedione (VII,
830 mL, 1.2 kg, 5.6 mol) in 3.1 L of MeOH was added over 35

20



exanple of the preparation of IlIl.Dinethylamine in THF (7.2 L of 2.0 M
solution, 14.3 nol) was charged into a 5 gallon Parr hydrogenator . 2-
Fornyl -i walazoiege (1.25 kg, 13.0 nol) and net hanol (2.4 LP{TAWaE!/ 2@ ged
next. After pressure testing the systemwth nitrogen, Pd/C (10% (125 g ,
cont ai ni ng approxi mately 50% by wei ght water) was charged. Jacket cooling
was set @indbef whhecbabthtwasiheanpinssunazetembthahydeopenward t he
pressure was nmai ntained in the range 50-60 psig. The first 20 m nutes of
reacti on4saddCri skfter taddinten neds teomereter i BBELE ahds hyatdgen upt ake

was extrenely rapid_ For_the next_ 2 hours befqre_the hydrogen pressure was
rel easedPeFWQGPnﬁér‘ﬁglCt%éf%t?ﬁ@%%n%-%ig %’ Wﬁﬁ@%%%ﬁly&’l% *AaF cat ed

that t hewggngﬁgﬁi g%fft Ind- ENeNdLagE Ry L %PQH&EhghhrE%%éobﬁl‘éﬁ%dCQl&m ete

(remai ning 2- tormyl-1rmdazolyl A% <2% versus 2- (N, Ndi net hyl am nonet hyl

)i M dazokeo:98%) ambiketbatmhewasuitel beerdighktough &)0ubBdeircieon cartri dge
filter and _then through.a 0.45 mcron mnifilter to e Pd/C__A splution
of 1/1 vP&tWB@ﬁn/?ﬁﬁogghﬁrf'wa?gésgﬁxFomﬁégﬁngﬂtt@ﬁe£%g§c gﬁsgﬁgqlfﬁg and
was di regl;ednii-atbhiedpr bibflgeel preeipitatiba e&r FayIcontmenibagcbhe rest of
the filtrate. The conbined filtrates were concentrated via rotary

evapor at aast aoal2d3dogns obudP@natd ome kil nfolr 11 6hidgr oft 20°C before

hext. st aBFORBLBHCRTGY St Y200 L GoPREERP GARECRoFTONTY hasks 2 on Y "
10 Buchner funnel. The filtration took 1 hour and the cake
depth was determined to be 3.5 cm. The cake was rinsed with
3 L of cold (0-5 °C) 50/50 isopropanol/water followed by 2.9
L of water. The wet cake (3.4 kg) was dried to constant

weight in a vacuum oven at 45°C and 22 mm Hg over the weekend
15 to produce 1.3 Kg of VIII as a yellow solid (1.3 Kg, 94.5

wt%, 71.7% corrected yield).

Example 2

Preparation of II

20 A 50 L Hastelloy C reactor, equipped with an overhead
air stirrer, a thermocouple, an addition funnel, a
condenser, and a nitrogen inlet was charged with melted t-
butyl alcohol (10 L), followed by solid VIII (1160 g). An
additional quantity of t-butyl alcohol (4.5 L) was used for

25 purposes of rinsing the original containers and was added to
the reactor. The suspension was warmed to between 38 °C and
45°C until a homogeneous solution resulted. An agueous
solution of monobasic sodium phosphate monohydrate (1245 g
in 5.2 L of purified water) was added to the mixture over

30 approx. 15 min between 35°C and 45°C. celite® 545 (3.2 Kg)
was added to the reactor between 38°C and 45°C and stirring
was maintained to insure even dispersion of the solid. A

commercial 40% aqueous solution of sodium permanganate (5.76
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equi pped with over head air stirrer, thernocouple, and distillation set-up
with nitrogen cap was charged a solution of crude 2-

(N, N-di mwwag/awdnonet hyl ) i m dazole (4.86 kg of a sol uti orCTvEid&/I8yo6t he
above procedure that contained 3 .0 Kg of 2- (N, N-di nethyl am nonet hyl)

i mdazole) . To each of the two reactors, anhydrous DVMSO (10.0 L ) was then
i ntroduced {8sgh¥8ed dablgnbeerchpprosol atboh, mhtntesnduogl aveOH and THF

fromthe crude 2- (N, N-di nethyl am nonet hyl) inidazqlg,ipn eaghof the two
reactorslﬁﬁ§r§aﬁséa@EﬁfﬁyuéﬁsFFPQ@dbSFWe?nn4%51u@natggoa6ocﬁg§fore

| - am no- 2- 18045k ogdghe 2¢45:K81 Q00amBRERL aBfippewdaiedalk3C03
(2.5 Kg,%i%?%9§%|Qés§_g9§q§?§?@ﬁgr§$a8§gé ?8 each of theptmn reactors at
40-5 0OC, waeshettli vekynigathwotht hentwouresceSisTMag -t hen degassed three
times wth a vacuun nitrogen cycle ending on nitrogen bef ore bei ng charged
wi t h powder edThel neEEomgrning3” EhepméxtyreswaguPeRrin PRETEESEPi ng reaction

mxture Lacgach gkobngnkngobgachar ¢ WAt 4eaatagd LRNGE LGRS 19033 wi Lh a

vacuun nI'trogen cycle ending on nitrogeh before being warnmed to 125-130C.
When t heafdagt i doldasedebyedotadplefie taft 845 163 h2 akgll2gnd3peutraini no- 2- f

| uor o- 4-i odohenzene< 5% at 254 nm,via HPLC anal,ysi s) the reacti m xture
in each éﬂuﬂﬁéatﬂé'ﬂéagpgrs WaE @ﬁéFgﬁetHaEOF%é%?eaofggéﬁig%%%ﬁelgﬂn
reactors was 3ddedr4d0 kn@f that vhaeedadHrChsagqueats toluityan meand 1t he
resulting mxture was agitated for 1 h at 20-25C. The m xtur.e was then

filtededethesudlt & Cotptlefripsgeyolamgleachldf filtrates obtained were

recombined and the solvents were removed by distillation.
When the distillation had ceased, purified water (5 L) was
added, followed by a second distillation. The clear,
homogeneous residue was diluted with water to give 18 L of
15 total solution. n-Chlorobutane (8 L) was added, the
biphasic mixture was slowly stirred for 15 min, and the
upper layer was separated and discarded. The weakly basic
agueous layer was cooled to between 3°C and 7°C and 30%
aqueous citric acid solution (3.3 L) was added, whereupon
20 the crude II precipitated. The solids were collected by
filtration and the cake was rinsed with purified water (5.0
1L total rinse volume). Wet, yellow II was packed out and
dried to constant weight in a vacuum oven at 70°C, affording
dry II (815.1 g; 98.8 wt-%, 75% yield).
25
Example 3
Preparation of III
III can be prepared in accordance with the procedure
described in co-pending U.S. Provisional Patent Application
30 60/220932, filed July 26, 2000, the contents of which are
hereby incorporated by reference. The following is an

example of the preparation of IIT.
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the two reactors was washed with 1.0 L of saturated NH4Cl aqueous sol ution
and 8.5 L of ethyl acetate. Half of the conbined filtrates and washi ng

sol uti onweps2eequentially poured into a 40 L reactor, anBCTASOWASKIGUr € Was
agitated at 20-25C for 0.5 h before the two | ayers were separated. The
conbi ned aqueous | ayers were poured back into the 40 L reactor and were

extract ed WAtB @M¥lg&§ﬁ§t§n(4?§ 9.4 ﬁ of oG $58uRE8RESE408 the

organic sol vent  exttacton sion colloid was resol ved by filtration of
t he n1xtmbé)thasughaagééllme©r¢ bedabbbnrEarhéhY@Dogeyéthmeré“separated

The conbi ned a e then was of, ,sat urated NH

Cl aqueofiS¥¥y u @b aZaIYid?@ %gekasomg Odm%gf aHﬁ g%% é%l &¢ 2 H r active
carbon (ghar€Ralge@0Redt) ahfilr g@éééﬁfe1téstﬂn§MDh§ep§Eaéﬁ Q?th react ors.
The m xture was ?lltered through a Celite(r), bed, and each of the reactors

waswes heditroaert hjf/acélage (22b y.. C?ﬁﬁaéﬁhﬁgn@HPBPﬁéWPEeﬂVIFPétE¥ wer e

then poured jnto L reactor, 68 L_of e etate were
successiW@F?hﬁlg?F?ngwﬁ?faﬁaﬁg$§Cqu3f£ﬁé Ling WagsP %k ?érré'of t he

crude Il kpbn,Qelnlwab @heﬁlpéggéakezéaswiHhsggaeagéﬁ hhdn%hQFFEd into a 22
L reactor, and the m xture was warnmed to reflux (77-78C) to give a brown to

bl ack sopuessnrekﬂpsamesntéloeé jnwehe raegeadfclOtBSiHe sdhet féHSht 70C,
and the lutio cQ o] n ted with active

car bon (éﬁaW&BgP?S4§B 68?Sel%ﬁeé%Wx urggéaéﬁmggﬁegngggreglux again for 1 h
bef o bebpgelhtltipeedot Bro@amd GoYdtSfdn BSehé wls extremely rapid.

For the next 2 hours before the hydrogen pressure was

released, the internal temperature was 30-31 °C. HPLC
analysis indicated that the conversion to 2-(N,N-
dimethylaminomethyl) imidazole was complete (remaining 2-

15 formyl-imidazolyl A% <2% versus 2~ (N,N-
dimethylaminomethyl)imidazole >98%). The batch was filtered
through a 0.5 micron cartridge filter and then through a
0.45 micron minifilter to remove Pd/C. A solution of 1/1
v/v MeOH/THF (5 L) was used to wash out the reactor and line

20 and was directed via the cartridge filters to the carboy
containing the rest of the filtrate. The combined filtrates
were concentrated via rotary evaporator to a 2.3 kg solution
(contained 1.6 Kg of 2-(N,N-dimethylaminomethyl)imidazole),
which was then used directly for next step.

25 To each of two 22 L five neck round bottom flasks
equipped with over head air stirrer, thermocouple, and
distillation set-up with nitrogen cap was charged a solution
of crude 2-(N,N-dimethylaminomethyl)imidazole (4.86 kg of a
solution made by the above procedure that contained 3.0 Kg

30 of 2-(N,N-dimethylaminomethyl)imidazole). To each of the
two reactors, anhydrous DMSO (10.0 L) was then introduced to
give a dark amber clear solution. The residual MeOH and THF

from the crude 2-(N,N-dimethylaminomethyl)imidazole in each
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55C. The Celite(r) bed was washed with 2.0 L of ethyl acetate, and the
conbined filtrates and washi ng sol ution were poured back into a clean 22 L
react or. Wwoopeabo of 5.0 L of ethyl acetate was distilled pET/USOWRS¥@CUO at
45-50C, and an additional 5.0 L of heptanes were added into the reactor at
50C. The m xture was then gradually cooled to 20-25C and stirred at 20-25C

for 1 h Befeng Qﬁé Nge£00b8d #/8s55U0EeE@En21P dDsPLETERI bakeihl VacEbe solids
wer e coIIected y filtration on a 27 cmporcelain funnel |lined with

Dacr on( r ptchot A0 %hdakete dl virin@ds {iano of- Ireigyandgfimes? (B XKD 5 L ) .
The SO|I$h8 rs%%{lggd B?Wﬁgggglﬁ%&g Egt%og§35 RyYrge %He4024%ceb%1 g const ant

wei ght . crop Kg t heoretical, % was
Obtainedwéﬁepaﬁae&etbOéaehysfathe The ceabtoed avot her5DIQuor and mashlng
solution was then concentrated I .n vacuo to afford tggeé_ ond crap of 11

(500 g , r8SP8stkgeiteor EPFBaPt FReg8y T ERELPT D WS FE7=8S
pa' e vel Low, r¥§ alsyExanl @aéuﬁfn?ﬂ%%b@ﬁ %cie/aeﬁaﬁinbvoﬂ nf ¥84g@n, 2.61

was co ined with acetonitri he anbunt of water present
|n the sbbﬁbrenbaasgdehergederby pewﬂerﬁdngué KaPP BiséhéP mpPieati on. The

volue ol @xBYLgch ok deyka,be eharged e Galeulalod BLeadding: e ol es
chl ori de¢yBykkdbB8rEBkapl degassed three times again w1th a
10 vacuum/nitrogen cycle ending on nitrogen before being warmed
to 125-130°C.

When the reaction was deemed complete after 16 h at
125-130°C (l-amino-2-fluoro-4-iodobenzene< 5% at 254 nm via
HPLC analysis), the reaction mixture in each of the two

15 reactors was cooled to 40-50°C. To each of the two reactors
was added 4.0 L of saturated NH;Cl aqueous solution, and the
resulting mixture was agitated for 1 h at 20-25°C. The
mixture was then filtered through a Celite® bed, and each of
the two reactors was washed with 1.0 L of saturated NHCl

20 aqueous solution and 8.5 L of ethyl acetate. Half of the
combined filtrates and washing solution were sequentially
poured into a 40 L reactor, and the mixture was agitated at
20-25°C for 0.5 h before the two layers were separated. The
combined aqueous layers were poured back into the 40 L

25 reactor and were extracted with ethyl acetate (4 x 15 L).
During the process of the organic solvent extraction,
emulsion colloid was resolved by filtration of the mixture
through a Celite® bed before the two layers were separated.
The combined organic extracts were then washed with 6.0 L of

30 saturated NHi;Cl agqueous solution, dried over MgSOs (2.0 Kg),
and decolorized over active carbon (charcoal, 500 g) at 20-

25°C for 1 h in two separate 22 L reactors. The mixture was

filtered through a Celite® bed, and each of the reactors was
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1.0 nol) was charged foll owed by oxalyl chloride (227 L , 2.60 nol) . The
reaction was warnmed to 55-60 sC and held at that tenperature for 1 hour

The progmveae2/2f696 he reacti on was foll owed by draw ng a sap@l/@sevas4guenchi ng
into NH OH. Once the reaction was consi dered conplete, a vacuum '
distillation was perfornmed to renove 12% (v/v) of the solvent. Follow ng

the di st ivhkakhonitheshngaeterichitel ¢2was . addrd baskihedt begaaaetion to
repl ace the volune renoved by the distillation. The reaction m xture was
chill ed £al5rates| Wewed thprnt Povaedi £nsa 8f 4P L rsegtgr, sndsamsofal An
exot her f 22, C.ac ni Lt : ' e lutjon to
return pg&SGé P 8?i%§p opf?%?%%%aﬁggg %8§§eﬁgggg}ggbﬁgk?g%§? §§g§3$%0 t he
reacti onvacep 60 ABRGI0ES.vi Fhaddesidwat unhetry Fof | oie ngrufie BUWi fhon, the

cool ipg bath_was r ed and the reaction was.allowed to retyrn to room
Cenperat SrB LTRE RERVA PoREGReg2ena RIaREFO 91 LEA08 SRS S e ACECoR vias
conpl et epaTherbgaebir-on ¥Rs thid Wi fEuet Babt (Aemed2tb redndxngshedggapth wat er
(2 x 8 L) . The aqueous washes were conbi ned and back extracted with Et CAc

(1 x 8 Ltp givReaoPgaminc tir RdeicknsokitéoBenbHapdaass dbi-&dLoverreySo 4,

filt d,q iel b ' : '
Feconst| FUAdSaReR EPoked ppetel 2e37BR8, aae L8, 29185500 Y88, e, wmiei c
aci d (29@ogled2:b04BBhbD °Babefddedoéindg herdh €Ad¢ whthit acniveatamasnt hen

stirred atroomt rature for 60 .m nutes. r oxi_nmat el 15 m nutes
10 (charcoa??pioo g). The mixture was grmed to reflux again

for 1 h before being filtered through a Celite® bed at 50-

55°C. The Celite® bed was washed with 2.0 L of ethyl
acetate, and the combined filtrates and washing solution
were poured back into a clean 22 L reactor. A total of 5.0

15 L of ethyl acetate was distilled off in vacuo at 45-50°C, and
an additional 5.0 L of heptanes were added into the reactor
at 50°C. The mixture was then gradually cooled to 20-25°C
and stirred at 20-25°C for 1 h before being cooled to 5-10°C
for 2 h to precipitate III. The solids were collected by

20 filtration on a 27 cm porcelain funnel lined with Dacron®
cloth and washed with 20% (v/v) of TBME/heptanes (2 x 2.5
L). The solids were dried in vacuo with nitrogen purge at
40-45°C to a constant weight. The first crop of III (1.749
Kg, 4.235 Kg theoretical, 41.3%) was obtained as pale-yellow

25 crystals.

The combined mother liquor and washing solution was

then concentrated in vacuo to afford the second crop of III
(500 g, 4.235 kg theoretical, 11.8%; a total of 53.1% vield)

as pale-yellow crystals.

30
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after the addition of maleic acid the resulting salt, 1V, began to
preci pitate out of solution. 1-Chlorobutane (24 L ) was added over

60- 90

m nut es twOensuse conplete precipitation. Foll ow ng the aBPdiusarmseds

1-chl orobutane, the IV solution was stirred at roomtenperature for 3 h
The salt was isolated by filtration and washed with 1- chlorobutane (6 L )
. The solids were dried in a 75 Cmsaple gven to constant weight to give
1.49 Kg (100.7 w.% 94.1%vyield) of IV, Exanple 5 Preparation of V A 22 L
reaction flask was char gedPXFRIFARNFOR £ Fva n%&f%‘éi um car bonate (1576 g ,

11.4 mol ), angdy a f&?h%gf%é‘iﬁ o1Fiv9'aé%@ineé-v?ich@Mnﬁﬂwd at rt
, nhote: (0}

Water (1.2 L r Batc

, 0.8 L of water was first added and an

addi ti ongl1 B 4.)L. of That amowas afidenter teresentrimgtiae 01RO 7WAS) was
After the
e

eac o RSP TR oY S0 h S-SR Bt T 14300 5% 1

9 ol )

was addegl, 1 Jie &Laskh 0Pl MKl & Bideso Shé I EREr§edraf ofallctiDalddhby This

reaction mxture was quenched into 12 L of water in_a 40 L rg
vi gor ousaddinat tlea. mghesr @5 uFE i REUS | 10+§S vl WRTEF edeBRTR{NE

acto

rto

with
€and t hen

al Otz;]?O%%Q%%{k@"%é‘e&i&ehmglgge%go(g}ic%%gts%gﬁ%{éﬁﬁsg Whihi 4 DBCN kit er

was“washed Wi th co
1.0 mol) was charged followed by oxalyl chloride (227

10 2.60 mol). The reaction was warmed to 55-60°2C and held at

mL,

that temperature for 1 hour. The progress of the reaction

was followed by drawing a sample and quenching into NH4OH.

Once the reaction was considered complete, a vacuum

distillation was performed to remove 12% (v/v) of the

15 solvent. Following the distillation fresh acetonitrile was

added back to the reaction to replace the volume removed by

the distillation.

The reaction mixture was chilled to 52C followed by the

addition of III (598 g, 2.55 mol). An exotherm of 12

20 accompanied the addition. After allowing the solution to

eC

return to 5°C, diisopropylethylamine (975 mL, 5.60 mol) was

added to the reaction over 60 minutes via addition funnel.

Following the addition, the cooling bath was removed and the

reaction was allowed to return to room temperature.

25 hours following the addition of base the reaction was

complete. The reaction was diluted with EtOAc (12 L) and

washed with water (2 x 8 L). The agueous washes were

Two

combined and back extracted with EtOAc (1 x 8 L). The

organic fractions were combined and dried over MgSOy,

30 filtered and concentrated to yield a brown oil, IVa.

The oil was reconstituted with EtOAc (11.3 L) and

transferred to a 40 L kettle. Maleic acid (290 g, 2.50 mol)

was added to the EtOAc solution that was then stirred at
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foll owed by cold acetonitrile (2 L ) and dried in a vacuum oven to constant
wei ght to give a crude product (1012 g ) . The crude product was di ssol ved
in 12.5 Wobhzameionitrile at 65-80C After the sol uti on waBCT/O801¢84460
25-37C, water (2 L ) was added over 2 h period while allowing the pot to
cool tort. The fornmed slurry was stirred at rt for 1 h . Aftercooling to
2-10C, t reoswltiethpeas thide eoad 64 minaltlaascrompbirlobcémactledwh 15|'helnuale@ vvas

washed with cold ac |tr|I L) ried avacu
const ant a\%@&htg‘teoaa% af@% §Cr]’§ eﬁ?é’ga \i%g H2 F40 N8

(MHH) + gRlyeeh $29. E%‘Lpﬂ‘t%}t@ 05%90357%%111’%:1'&@ (@%Hﬂd&ok%@ed @4 2,09
(6H), 3.29 (2H) 654(2H),696(IH),741775(7H),806(IH) 10. 65
(IH . 19RS\RRAer! @VE3? qO90, migutEsT7 YOB3RRSUIE ARFIRd & Pr epar ation of | A

22 L th h : t
t enpe g?g’r Ie%rifp&ﬁc%sc\lj\l/é)\sﬁ chaE(r%\gngLr"‘;?L h%eI rr| t(l%% (E)r% a_%q% rmn%ﬁ‘ydr ate form

850 g , J;IL'éGJJVDIS)olut'Ehcel meaactsmrrrmd(tatr e:ovsas teegteath tiiore6Ftro 38BC t 0 gi ve a
clear solution. After coali n to ahout 55C, the warm sol ution was filtered

t hrough FPCaPelitdg@es ifShatent d faldgatann fgd meshiad Metd dack to t he
clean 22, r%%a@%:qgl | NgHNE AAGY kR ArdkB G o 7500 Hdodu | PA

solution (355 nL, 1.63 nol) was charged through an addition funnel. After a
slurry weyehotmedonsant waiohtwas stivier dd 4% Kot (100 .7 Iwt.%and@%4Hén at 2-8C
for ilBlOth 1Jd) Of'IRe solid was collected in a

Example 5
Preparation of V
A 22 L reaction flask was charged with DMF (8 L),

15 potassium carbonate (1576 g, 11.4 mol), and acetohydroxamic
acid (428 g, 5.7 mol) and stirred at rt. Water (1.2 L,
note: For Batch 1, 0.8 L of water was first added and an
additional 0.4 L of water was added after stirring at rt for
27 h) was added slowly while keeping the reaction

20 temperature at 20-30°C. After the reaction mixture was
stirred for 30 min at 20-30°C, IV (1200 g, 1.9 mol) was
added. The reaction mixture was stirred at rt for 4 to 20
h. This reaction mixture was quenched into 12 L of water in
a 40 L reactor with vigorous agitation. The resulting

25 slurry was stirred at rt for 2 h and then at 2-10°C for
another 1 h. The solid was filtered with a Dacron filter
cloth. The cake was washed with cold water (8 L) and
followed by cold acetonitrile (2 L) and dried in a vacuum
oven to constant weight to give a crude product (1012 g).

30 The crude product was dissolved in 12.5 L of acetonitrile at
65-80°¢C. After the solution was cooled to 25-37°C, water (2
L) was added over 2 h period while allowing the pot to cool

to rt. The formed slurry was stirred at rt for 1 h. After
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Buchner funnel with Dacron filter cloth. The cake was washed with cold
ethanol (2 L ) and followed by tert-butyl nethyl ether (6 L ) , dried in a
vacuum owed 02246%0C t o give the product | (858 g , 98% . MET/URGRSG¢ dec). -
R (300 Mz, DMSO-de) 1.02 (ethanol), 2.74 (6H) , 3.40 (ethanol), 4.35 (2H)
, 6.59(2H), 7.18 (IH) , 7.34-7.80 (7H) , 8.09 (IH , 10.99 (IH . 19F-NWR

- 118. 17404 Fhng - 64 2290¢8F) the EBXGITY 8wdls PFEPaEatd omi o adderansol ution of
V (5.06 g ) inchloroform (40 L ) and nethanol (120 _nl) mas,addfd 35% H202
(20 L) &ilver ghekbactTha ke ures \idasBed rvdeh 014 averoBbthtiSater (180

) L SSBRaRLAE esenymsues pahalmssritian Sy e

stirred 0 was co ted by filtration and dried
n vacuo giv& vhérpgeduptrye(22.3tgt 082S onsHEMS Her gBtHpFQ97Ng §M+HUTI LI TY

The novel conpounds_of the present.  inyention_are usef a | cqQagul ants
for Bhe EREeEneA? - b7 2pr ebeR o%fgfliggoangﬁﬁﬁiigﬂg%3@#&eﬁ%ﬂ%%*%§nnals. The
ter”‘"thé96$0?@ﬁ?li§.§b$@2ﬁ?[58.§§ usgf herebn(imy| udesiavt esi augr venous
cardi ovascul ar or cerebrovasculq& t hronboenbol i ¢ di sorders, including, for
exanmpl e, 8ud6t abHe, ahgi A9, (1H} st OF -NMBurdddt 6mgodaFadiral- 6ilnf&ct (38N, -

I schem ¢ sudden death, transient ischem c attack, stroke, atherosclerosis,

venous thronbosis, deep vein thronbosis, thronbophlebitis, arterial
Example 6

10 Preparation of I
A 22 L reaction flask with overhead stirring, water

condenser, and temperature probe was charged with ethanol
(10 L) and V (monohydrate form, 850 g, 1.56 mol). The
reaction mixture was heated to 65 to 80°C to give a clear

15 solution. After cooling to about 55°C, the warm solution
was filtered through a cartridge filter. After transferring
the filtrate back to the clean 22 L reactor and cooling the
solution to 20-37°C, 4.6N HCl in IPA solution (355 mL, 1.63
mol) was charged through an addition funnel. After a slurry

20 was formed, the mixture was stirred at rt for 1 h, and then
at 2-8°C for another 1 h. The solid was collected in a
Buchner funnel with Dacron filter cloth. The cake was
washed with cold ethanol (2 L) and followed by tert-butyl
methyl ether (6 L), dried in a vacuum oven at 50°C to give

25 the product T (858 g, 98%). M.p. 258 C (dec). ‘H-NMR (300
MHz, DMSO-d¢) 1.02 (ethanol), 2.74 (6H), 3.40 (ethanol), 4.35
(2H), 6.59(2H), 7.18 (1H), 7.34-7.80 (7H), 8.09 (1H), 10.99
(1H) . *°F-NMR -118.174 (1F), -61.229 (3F).

30 Example 7
Preparation of Va
To a solution of V (5.06 g) in chloroform (40 mL) and
methanol (120 mL) was added 35% H;0, (20 mL) at rt. The
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enbolism coronary and cerebral arterial thronbosis, cerebral enbolism
ki dney enbol i sns, and pul nonary enbolisns. The anticoagul ant effect of
conpoundawon2/24600 present invention is believed to be due POTHURIVISHGG on oOf
factor Xa or thronbin. The effectiveness of conpounds of the present

I nvention as inhibitors of factor Xa was determ ned using purified human

factor Xaecakdid¥nthethGesyRst katierefhacr akeoobrf a6t ar. Xavaltwdr aliey s of
chronogeni ¢ substrate S2222 (Kabi Pharnmacia, Franklin, OH was neasured
both in rhe aleserrderamddedesontbeotcasipounad G rehensr édentr SSidnticn.

Hyd_r ol ysi iucn):fr : QV%SS%S_L&J’r%%E arte'l.srlt{l tf%q 1 hﬁ%r € %S%oqfidj%s whi ch was

moni t or e speé?rophotonetrlcal y by neasuring the increase I n absorbance at
405 nM Adea@ase byn file raatienobnsbserikdnde clamnge witthM@h traden t he
presence of inhibitor is indicative qf enz inhi bition. The results of
this %ss@VIQFéa§x5FE§§E@-§§qsﬁﬁpﬁiFﬁ?§h€oﬁ§g§ﬂt9)Ki .Factor Xa

determ nations were nmade in 0.10 M sodi um phosphate buffer, pH 7.5,
containing 0.2 0 MNaCd, and 0.5 % PEG 8000. The M chaelis constant, K

for substrate hydrol ysis was deter nUF@&I&Y 25C using the nethod of

uman fact or | SE BY e RECAIPAR Cinarin SHoBS st 19 5 Bact
Wi th the ssubsidiaica a2 Mebrimvhe Rridag maimes eic @refventtiida taff . React i ons
e elg ' %\ﬁﬁ%nfb%e?n%gl%rc %01 srgri?iuetress i?lncrinz;[m?n%lvse.l O(':I‘Il'lteI ?cser(n{ ate of
"thromboembolic disorders" as used herein includes arterial
or venous cardiovascular or cerebrovascular thromboembolic
disorders, including, for example, unstable angina, first or
recurrent myocardial infarction, ischemic sudden death,

15 transient ischemic attack, stroke, atherosclerosis, venous
thrombosis, deep vein thrombosis, thrombophlebitis, arterial
embolism, coronary and cerebral arterial thrombosis,
cerebral embolism, kidney embolisms, and pulmonary
embolisms. The anticoagulant effect of compounds of the

20 present invention is believed to be due to inhibition of
factor Xa or thrombin.

The effectiveness of compounds of the present invention
as inhibitors of factor Xa was determined using purified
human factor Xa and synthetic substrate. The rate of factor

25 Xa hydrolysis of chromogenic substrate S2222 (Kabi
Pharmacia,; Franklin, OH) was measured both in the absence
and presence of compounds of the present invention.
Hydrolysis of the substrate resulted in the release of pNa,
which was monitored spectrophotometrically by measuring the

30 increase in absorbance at 405 nM. A decrease in the rate of
absorbance change at 405 nm in the presence of inhibitor is
indicative of enzyme inhibition. The results of this assay

are expressed as inhibitory constant, Kj.
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absor bance change vs tine) were neasured in the tinme franme of 25-30

m nutes. The follow ng relationship was used to cal cul ate K val ues: (vo-vs
)/vs = | M&02/84b90- S/Km ) ) where : v is the velocity of theT/wso28al6 i n the
absence of inhibitor; is the velocity in the presence of inhibitor; I is
the concentration of inhibitor; Kis the dissociation constant of t he
enzyme: inhi bi FBFEEEnPRedetsTMénpRdoRENFEREr BEASN1Bf O0sTiBstt sodiums t he

M chael i sy ﬁgg@hgeg bFeFRRUNES §g§§§§8hgﬁéggasggv§oa sgxcareapgngrgeged to

be active if they exhibit a Ki erred corpoun
present i REENBPEA. haWbeKMishaéli$ qwhsthhte Bref Eoredubsapatads of the

pr esent H gntlon have Ki_' . Even nore preferred conpounds of
t he preseft’ Fﬁ%gﬁ%?owaﬁaéétﬁfménﬁﬂ %B @ioﬁhM51EE|FhGW@?éhpﬁepérred

conpoundsy,of l;R8vRE-ESRAL ent veeKL' s Ising the
met hodol ogy gech|bed ab 5egk a Xﬁﬂ ae SF ki n%%%ﬁdgeggéygg%pregent I nvention

wer e foundllowéwnyi bi-a.df ne1RaEN fﬁ@t@ﬁyxgomthﬁmnagRéB@a%hl ity of the
conpounds_of the present invention as effective Xa inhibitors. The

antlthronB%?PEaE?¥é€F ofoebhipBends &¥) t he peresenvithvehei snbeanabe
denonstraggdapnmR-1 2Rk} AT ERET 7 ¥EDRUE of inhibitor. Reactions were

allowed to go for 30 minutes and the velocities (rate of
10 absorbance change vs time) were measured in the time frame
of 25-30 minutes. The following relationship was used to
calculate Ki values:
(Vo-vg) /vg = I/(Ki (1 + S/Kp))
where:
15 Vo 1s the velocity of the control in the absence of
inhibitor;
Vs 1s the velocity in the presence of inhibitor;
I is the concentration of inhibitor;
Ki is the dissociation constant of the enzyme:inhibitor
20 complex;
S is the concentration of substrate;
Km is the Michaelis constant.
Compounds tested in the above assay are considered to
be active if they exhibit a K; of <10 uM. Preferred
25 compounds of the present invention have Kj’s of <1 uM. More
preferred compounds of the present invention have K;i’s of
<0.1 pM. Even more preferred compounds of the present
invention have Kj’s of <0.01 pM. Still more preferred
compounds of the present invention have K;’s of <0.001 um.
30 Using the methodology described above, a number of compounds

of the present invention were found to exhibit a K; of <10
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(AV) shunt thronmbosis nodel. In this nodel, rabbits weighing 2-3 kg
anesthetized with a m xture of xylazine (10 g/kg i.m) and ketam ne (50

g/ kg i. mWyoareieased. A saline-filled AV shunt device is chanesties4izet ween
the fenoral arterial and the fenoral venous cannul ae. The AV shunt device
consists of a piece of 6-cmtygon tubing which contains a piece of silk
thread. BiMpdchetébf| ownfiomithethenutaliaytef ytivé acéipodWashent that o the
fenmoral vein. ?e ex osure of fl bl ood, to a silk thread will induce

t he for mePTBRSDF &% ﬁﬁ%??cﬁﬁtefg?Sﬁgﬁg Zaf1eBiPHEPYS mi nut es, the shunt is
di sconnect ed afdethgt sthkohboead é@f@é@dow ot bERabUSE | §h¥é%9@§g Test
agents or vehicle will be given (i. p., s.c, or oral prior to t he
openi ng ofny@et v sEantbe @mpéﬁtﬁﬁt@@elmnhltmbbbh @ftehnoﬁhesoﬁernatlon is

deterrd ne r Th 0 vaI (do i ch produces
0%)|§%|b? |8nso ?h?%ﬁ%ﬁggg%?%é #g%) af% %E SH%? r?ﬁﬁ gh regression.
The conpowaiishbifgf2rinka 4hes Byt htsd @EtMS£fmdx@§rén@fbkyPéﬁlﬁé $epi ne
pr ot eases, notabdg punan thronbln | asma kal | i krein and plasm n. Because
y

of their PHAEDit aRRF ORCEFRERR EofpBunEs hrte- } rsFeave8df orAuse in the
preventlogapinérfﬂﬂ@@tmfsﬂ@uwél@é@gé&ai Al ons B L0d.f0agy! ati on and

I nfl ammati on, catal yzed by the aforesal enzymes. Specifically,
t he conpoﬁ@mICer@rmIiatl verd dnegberioral heerucnwtchub&edl seasesvari si ng

fronl%levgﬁunt device consists of a piece of 6-cm tygon tubing which

contains a piece of silk thread. Blood will flow from the
femoral artery via the AV-shunt into the femoral vein. The
exposure of flowing blood to a silk thread will induce the
formation of a significant thrombus. After forty minutes,

15 the shunt is disconnected and the silk thread covered with
thrombus is weighed. Test agents or vehicle will be given
(i.v., i.p., s.c., or orally) prior to the opening of the AV
shunt. The percentage inhibition of thrombus formation is
determined for each treatment group. The ID50 values (dose

20 which produces 50% inhibition of thrombus formation) are
estimated by linear regression.

The compounds of formula (I) may also be useful as
inhibitors of serine proteases, notably human thrombin,
plasma kallikrein and plasmin. Because of their inhibitory

25 action, these compounds are indicated for use in the
prevention or treatment of physiological reactions, blood
coagulation and inflammation, catalyzed by the aforesaid
class of enzymes. Specifically, the compounds have utility
as drugs for the treatment of diseases arising from elevated

30 thrombin activity such as myocardial infarction, and as
reagents used as anticoagulants in the processing of blood

to plasma for diagnostic and other commercial purposes.
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thronbin activity such as nyocardial infarction, and as reagents used as
anti coagulants in the processing of blood to plasma for diagnostic and
ot her comwepp2@bo pur poses. Some conmpounds of the present |POBUSIIRS4METr €
shown to be direct acting inhibitors of the serine protease thronbin by
their ability to inhibit the cl eavage of small nol ecul e substrates by
thrombin in a quid fdRbEMEILME |the igresdnthibivdroi cxonsdmantshovet eco
determ ned by the method descriped by Kettner et al. in J . Biol .. Chem

265, 18289 1BAPF Y PIYGT HEHEHN 1HcHIPordie & By 1 IHARaSe | AU assays,
thrombi n-yedi;atad a{'i:yidlriod%’_%é afnide cHomuenfsubstdali el K2&(1el ena

Laborat ori'es, Beaunont, was nonitored spectrophotonetrically . Addition
of an i nhsubdtorattes the Gesayoin xture pwsiuf el isysiean easta wbso? bance and is

i ndi cative .of thronbin inhibition. man .t hr i Enz esear

Labor &t or TEEATROR RS T e I O 1T QIE oo, oo 1529, 10 M
sodi um pheg phad ehdwifdteral pH. 5. Bi@D. NbiNak) ,268d 18586 PEE $D0019 9@,

i ncubated with various substrate concentrations ranging from0.2 0 to 0.02

MM Af t erheisein BT RRAKELC DY EERIEIRAE - t hrbiBISEARTIANS was assayed by
nonitori S f_ .0 Ner | S | | Ses ow n
p%%&%lﬁgﬁﬂaﬂﬁw?i%@ S BANE &1l ot R YR WG AL 4 S W ng

to subst ySI S. I'on constants were derived fromreciprocal
pl ot s of $138 eandlieamn Vellmoidhomses, fRewminart of THubsts aten Toreedt rat i on

s 0h et s e e YRR EL 1 b P 1Bl OB S o IR0l 09
assay mixture results in decreased absorbance and is
indicative of thrombin inhibition. Human thrombin (Enzyme
Research Laboratories, Inc., South Bend, IN) at a
concentration of 0.2 nM in 0.10 M sodium phosphate buffer,

15 pH 7.5, 0.20 M NaCl, and 0.5% PEG 6000, was incubated with
various substrate concentrations ranging from 0.20 to 0.02
mM. After 25 to 30 minutes of incubation, thrombin activity
was assayed by monitoring the rate of increase in absorbance
at 405 nm which arises owing to substrate hydrolysis.

20 Inhibition constants were derived from reciprocal plots of
the reaction velocity as a function of substrate
concentration using the standard method of Lineweaver and

Burk. Using the methodology described above, some compounds
of this invention were evaluated and found to exhibit a Kj
25 of less than 15 um, thereby confirming the utility of the
compounds of the present invention as effective Xa
inhibitors.
The compounds of the present invention can be
administered alone or in combination with one or more
30 additional therapeutic agents. These include other anti-
coagulant or coagulation inhibitory agents, anti-platelet or
platelet inhibitory agents, thrombin inhibitors, or

thrombolytic or fibrinolytic agents.
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of this invention were evaluated and found to exhibit a K of |less than 15
mm, thereby confirmng the utility of the conpounds of the present

i nvent i owas2/afebecti ve Xa inhibitors . The conpounds of tPeT/pREs8mI6

i nvention can be adm nistered alone or in conbination with one or nore
addi tional therapeutic agents. These include other anti coagul ant or

coagul ation i fhkbebapyuadentse abhinRkatekat ter aphaheket innhi bitory agents,
thronmbin inhibitors, or thronmbolytic or fibrinolytic agents .The conpounds
are adm fhstrapedtigadlyafdlecitive ﬁﬁ@ﬂaﬁeutBEaWFéeéﬁP@@¢ﬂ¢@1éwbunt. By

"therapeﬂkkﬁégk¥eeéhsﬁ EVei%”EgngéabE LR ORANhaRsagount, %En%h8%”p°””d of
Formul a | at, when admi nistered aloné of I'n combi nali on W th an
addi t i ong@brinh@aapethbe , agerh tdmdntmmeekd b3oakf eet ive comkbinavenh or

i ¢ di sease condition or the progression of the

aneliorate the thronboenbol i

di seade. W §£"§Hn?ﬂg%FéP€GRiF%EGﬁB?HEPFoﬁgeHF t@oﬁbﬁﬁ@@?&n tferapy” it is
meant thakrbhe; 6eMReURtQbnkOLIULACH 18REENENEAT tARbRRL 1908l therapeutic
agents are adm nistered concurrently to the mamrmal being treated. Wen

adnmi ni st diedasa conditaviopres&blk pooporeatomapibshaddiisiesiser.ed at the same
' rder at dif%erent oi,nts.i.n ELne. Thus, each

Egggog;nfeﬂggg%;aéln%%?gﬁgrg §8pSPQPéF? bGE s ffgpggﬁﬁﬁ &P@sely in tinme
so as totheespye iheidesiened tharapadt cempbhaat ofOFbemudst iTcaagubaat agents

10 or more additional therapeutic agents are administered
concurrently to the mammal being treated. When administered
in combination each component may be administered at the
same time or sequentially in any order at different points
in time. Thus, each component may be administered

15 separately but sufficiently closely in time so as to provide
the desired therapeutic effect. Other anticoagulant agents
(or coagulation inhibitory agents) that may be used in
combination with the compounds of this invention include
warfarin and heparin, as well as other factor Xa inhibitors

20 such as those described in the publications identified above
under Background of the Invention.

The term anti-platelet agents (or platelet inhibitory
agents), as used herein, denotes agents that inhibit
platelet function such as by inhibiting the aggregation,

25 adhesion or granular secretion of platelets. Such agents
include, but are not limited to, the various known
non-steroidal anti-inflammatory drugs (NSAIDS) such as
aspirin, ibuprofen, naproxen, sulindac, indomethacin,
mefenamate, droxicam, diclofenac, sulfinpyrazone, and

30 piroxicam, including pharmaceutically acceptable salts or
prodrugs thereof. Of the NSAIDS, aspirin (acetylsalicyclic
acid or ASA), and piroxicam are preferred. Other suitable

anti-platelet agents include ticlopidine, including
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(or coagulation inhibitory agents) that nmay be used in conbination with the
conpounds of this invention include warfarin and heparin, as well as other
fact or Xavontizdsbi ors such as those described in the publieatrisegsidentified
above under Background of the Invention. The termanti-platelet agents (or
pl atel et inhibitory agents) , as used herein, denotes agents that inhibit

pl at el et phapekicentiden 185 aky ebibbbiet A tEheraggbdgabsoftheadbESi on or
granul ar secretiqgn of platelets. Such agents include, but are not limted
to, the ?éFﬂBQ%d&Hﬁwﬁsnéﬁs§térBF&éPréﬁglCOWHPP&QHéﬂBF? &Fu@§ ERSEPDS) such

as aspiri, bbbBQthl%“ on@PO0¥8Rrul hRdac i nhRdesmihaghn, ;aef eaammye,
droxi cam dicl 6fenac, sulf inpyrazone, and piroxi cam including

pharnaceuthealByla@béﬁtaﬂb@eéattsnbnbptodyuggemh@re@tludh ffAb/NSARDS,
aspirin S nd perX|can1are greferred Q her

I alicyclic acid or_ ASA
sui t abl e 8% BFEFEV %kﬁﬁﬂﬁF?aPﬁaﬁgagéfﬁg 8B Grggonists a
i ncl udi ngphanpB&aHE-aal-Isynteeptabl ansphterer, BEOGENJS skher eof . Ti cl opi di ne
is also a preferred compound since it is known to be gentle on the

gastro- i RRESTRRSILEEAILY RegeRtabiel FadERePrs BroaBNESptREseet -i nhi bitory
agents incl udgy, EAgérh g %%&éaﬁnaﬁkgblkBE9"?8§a ﬁFQZth&%&$BBOégéBE%QO“'Sts

and t hronboxane synt etase I n Itors, as we harnmacetti cal
accept abke sabﬁsherepmodd@gstebeuahﬁblfbestefnthbrs&hunelphbbeaees (or

ant {21 QPL20°N Bl 52214389 LRL B 0R7OLES LU RELOL 10 nilE 28 e
processes, such as thrombin-mediated platelet activation
(that is, for example, the aggregation of platelets, and/or
the granular secretion of plasminogen activator inhibitor-1
and/or serotonin) and/or fibrin formation are disrupted. A

15 number of thrombin inhibitors are knoWn to one of skill in
the art and these inhibitors are contemplated to be used in
combination with the present compounds. Such inhibitors
include, but are not limited to, borocarginine derivatives,
boropeptides, heparins, hirudin and argatroban, including

20 pharmaceutically acceptable salts and prodrugs thereof.
Boroarginine derivatives and boropeptides include N-acetyl
and peptide derivatives of boronic acid, such as C-terminal
a-aminoboronic acid derivatives of lysine, ornithine,
arginine, homoarginine and corresponding isothiouronium

25 analogs thereof. The term hirudin, as used herein, includes
suitable derivatives or amnalogs of hirudin, referred to
herein as hirulogs, such as disulfatohirudin. Boropeptide
thrombin inhibitors include compounds described in Kettner
et al., U.S. Patent No. 5,187,157 and European Patent

30 Application Publication Number 293 881 A2, the disclosures
of which are hereby incorporated herein by reference. Other
suitable boroarginine derivatives and boropeptide thrombin

inhibitors include those disclosed in PCT Application
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thrombin. By inhibiting thronbin, various thronbin-nmedi ated processes, such
as thronbi n-nedi ated platelet activation (that is, for exanple, the

aggr egat ivon om46pd at el et s, and/ or the granul ar secretion oPCpUssImsH@wgen
activator inhibitor-1 and/or serotonin) and/or fibrin formation are

di srupted. A _nun%rer o%rg\rog,p?iy&?it%%bi t(g(rﬁs are kng%;/\% tn?t one of S’ql:(! | inht he
art and tHEselGani ot & |28t e FURPHRRIY ant carblieat benwi t
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I ncl udi nthetebsyraceud Toatd tyed doeptiabley sad iarare prodrugs t hereof.
Boroargig?ne d%%%vativgg@ggﬂxgafqeggtéges i.nclude N-acetyl and peptide
derivatives of Hor'gmie EYPIH 21 e@%ﬁlﬁé‘r"]éltaﬁﬁ)n_@&ﬁrbtrﬁ c(@Ei d _
derivati vigs-ibd Mt 18s F NEidhiNav@rgini ngs Jimaigidine a9 r espondi ng
I sot hi our oni um anﬁégglsyt h%ﬂe& Cg?eﬂ; e([nrinl h'éﬁjg} n, &}gse;mi\g el n,lllmgcl :Jdes
sui t abl e atEgni bt se ottd r Udinm err @ mraslihde ul ogs,
such as di.s at ohi | or gpept.i de thr.onhi n 4 nhi bitors. include conpounds
descri begi%%%etqqr}%%ryﬁy%ﬁr?a%?%%tﬁaﬁ’enatn @reﬁ]f?ﬁ’lﬁomaﬁﬁ dPean ggt ent
Appl i cat istrdpdpiaaison Mutheti P B nteut tdel 4 sedesinasi Ofsahish are
hereby incorporated herein by reference. Qther suitable boroarginine

deri vat i V35 RERFBFDEHERE 1 hiiifhi e sth Mkt graPlarg u e turd hkseimsed in

PCT fgp! icatd QN Rub!d:caddyoins NETRAr, 2/ gfé{h%a&% aReAL Ralenf, App!l i cation
Publ i cati on Nunber 471, égll A2 | tahe Jlggc osures of which are a
complex, as described, for example, in European Patent

Application No. 028,489, the disclosure of which is hereby
incorporated herein by reference herein. The term
urokinase, as used herein, is intended to denote both dual

15 and single chain urokinase, the latter also being referred
to herein as prourokinase.

Administration of the compounds of Formula I of the
invention in combination with such additional therapeutic
agent, may afford an efficacy advantage over the compounds

20 and agents alone, and may do so while permitting the use of
lower doses of each. A lower dosage minimizes the potential
of side effects, thereby providing an increased margin of
safety.

The compounds of the present invention are also useful

25 as standard or reference compounds, for example as a quality
standard or control, in tests or assays involving the
inhibition of factor Xa. Such compounds may be provided in
a commercial kit, for example, for use in pharmaceutical
research involving factor Xa. For example, a compound of

30 the present invention could be used as a reference in an
assay to compare its known activity to a compound with an
unknown activity. This would ensure the experimenter that

the assay was being performed properly and provide a basis
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hereby incorporated herein by reference. The termthronbol ytics (or
fibrinolytic) agents (or thronbolytics or fibrinolytics) , as used herein,
denot es agent/siebhat | yse blood clots (thrombi) . Such ageRP€CHUSOSW®e ti ssue
pl asm nogen activator, anistreplase, urokinase or streptokinase, including
pharmaceutical ly accept able salts or prodrugs thereof. The term

ani st r epl 52%, C%§P®§é§°ﬁer%$9@0¥%#%¥slgot%ﬁl%@@ta@%@P?ﬁ%@nW@%g@n

strept oki at er X gpean
e e S N L A e

I ncor poraa:esjajnerernpbgtoecbhﬂs ento@nm@nmﬂa ac‘fdaercﬁiam@wotkﬁl@aﬁﬂeseﬁtused
herein, is intended to g not e both dual aqg g e chai n urokinase, the
latter alSdVERFhgrePRt {5 FEr &P nCESt ph et bKENERRE I VRRERFst rati on of the
conpowgnds of F%@“&@nﬁo&ﬁdé@f'ﬂ@féfgﬁeh@ LOPDL PELH QR éi‘séUBQ additi onal
therapeutic agent, may afford an efficacy advantage over the conpounds and
agent s aF@heﬂlém@OﬂﬁyCd@S%@Y$Wﬂm¥p¥Nﬂ$Mtfaﬁgorh@auseFQw ¢0ampldpstheof

each. Al a de ef ts, thereby

provi di ng an m%%e‘ggelg%r‘rl&a&glz}géo s %ﬁ%#ﬂ% n%c"s Io(‘ffcj?%e pr esent

i nvent i ordair@rraiﬁ@dubﬁfaxﬂdﬂsic&i acnﬂacfldr@fnog@zﬁﬁds emﬁ@stcmm@m:szzf@é gxanpl e
as a quallt%ﬁstan qygr control, in tests or assays involving the

i nhi bi ti oiForeT aet of O ML IR I TG ReSt bR i sk eptionally

10 one of the compounds of the present invention. If
production of pNA is observed in the solutions containing
test sample, but no compound of the present invention, then

one would conclude factor Xa was present.

15 Dosage and Formulation

The compounds of this invention can be
administered in such oral dosage forms as tablets, capsules
(each of which includes sustained release or timed release
formulations), pills, powders, granules, elixirs, tinctures,

20 suspensions, syrups, and emulsions. They may also be
administered in intravenous (bolus or infusion),
intraperitoneal, subcutaneous, or intramuscular form, all
using dosage forms well known to those of ordinary skill in
the pharmaceutical arts. They can be administered alone,

25 but generally will be administered with a pharmaceutical
carrier selected on the basis of the chosen route of
administration and standard pharmaceutical practice.

The dosage regimen for the compounds of the present
invention will, of course, vary depending upon known

30 factors, such as the pharmacodynamic characteristics of the
particular agent and its mode and route of administration;
the species, age, sex, health, medical condition, and weight

of the recipient; the nature and extent of the symptoms; the
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a comercial kit, for exanple, for use in pharmaceutical research involving
factor Xa. For exanple, a conmpound of the present invention could be used
as a ref avenvaishbh an assay to conpare its known activity poT/@Sc@speund w t h
an unknown activity. This would ensure the experinenter that the assay was
bei ng performed properly and provi de a basisfor conparison, especially if
the test kbnjodafidcoasuardeti vatatment;t hber Etegeacey cofipouadtméhen

devel opi ng, new assa rot ocol s, ounds acco to t resent
vent | onCEBuTEUEE. HeeAIrOnTBErSERaR T ERPeErnabnass. PINEELONPOBRASCH ¢ he
present ipg¥ephbopaiB¥nal sAgbendsedrbptdiagnessic .ﬁsgﬁl}@lbﬂé@' ¥ing factor
Xa. For exanple, the presence of factor Xa in an unknown sanple could be

det er mi nedebgrigarirpnCon @ﬁt@ﬁ@g@ﬂl@néub§€$@¥éb€2222 @5féc§éVﬁes of

sol ut gons I kN eg a tion o] he _co nds of the
prese%t |h§§ﬁ%?o§$ ??g H% ?Béﬁ %gpﬁﬁ §8 9 égfvg§ug£e heogoggggggs
Contalnlnghéeﬁtogﬁﬁpbegfbuhenﬂhﬁﬁmbﬁdmﬂomictﬁﬂspf&sent i nvention, then one

woul d concl ude factor Xa was present. Ebsag and _Fornul_ation The conpounds

of this inventoaarhashthodi Sudcedss Bridiy $FSdgEIHI® A5 tabl et s,
capsul es . acC facctfuml%ﬂeraale&@;es “mé'ilt AR 7 £l ease 1%1@% (S EasEs

fornulations), pills, powders, granules, elixirs, tinctures, suspensions,
Syrups, andlemﬂr&leorh@twﬁﬂy aﬂm?}ataloscﬁ)()de ] i Ofi Os ey /dagy orf IthdﬁamlSt,( bol us

or 1 RfUSI Qe ably between about 0.01 to 100 mg/kg of body weight
per day, and most preferably between about 1.0 to 20
mg/kg/day. Intravenously, the most preferred doses will
range from about 1 to about 10 mg/kg/minute during a
constant rate infusion. Compounds of this invention may be

15 administered in a single daily dose, or the total daily
dosage may be administered in divided doses of two, three,
or four times daily.

Compounds of this invention can be administered in
intranasal form via topical use of suitable intranasal

20 vehicles, or via transdermal routes, using transdermal skin
patches. When administered in the form of a transdermal
delivery system, the dosage administration will, of course,
be continuous rather than intermittent throughout the dosage
regimen.

25 The compounds are typically administered in admixture
with suitable pharmaceutical diluents, excipients, or
carriers (collectively referred to herein as pharmaceutical
carriers) suitably selected with respect to the intended
form of administration, that is, oral tablets, capsules,

30 elixirs, syrups and the like, and consistent with
conventional pharmaceutical practices.

For instance, for oral administration in the form of a

tablet or capsule, the active drug component can be combined
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I ntraperitoneal, subcutaneous, or intramuscular form all using dosage
forms well known to those of ordinary skill in the pharmaceutical arts.
They can ve ozespni st ered al one, but generally will be adnPeT/ssermsdooni th a
pharmaceutical carrier selected on the basis of the chosen route of

adm ni stration and standard pharnmaceutical practice. The dosage regi nen for
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required 1@ qumvbméd whtintety afaly resh-tdeir qgfmﬁuthealhyonboenbol iCc
di sorder. By way of general gujdance, the dail oraI dosage of each active

i ngr edi erﬂccwjd%e’cf@%ﬁ' FHer 19| TR R PRI EREOL MiTIYFERGE B VRN about

0.001 to 1000 1w/ ko of heace Pl oNt,nds chas ahly hetyeans abeyt Q:Qéaweloo
my/ kg of body wei ght per day, and nost preferably between about ™ 1. 20

mg/ kg/ dayblndmrmehd@ﬂsiqamtﬁhe diosin peef & kel mgsswatmdrta@b@rim@m about 1
o aRput A nul ke U &, SUrk D, 50088 Akhe S A TTHSLED: CarpodBds of
binders include starch, gelatin, natural sugars such as
glucose or beta-lactose, corn sweeteners, natural and
synthetic gumg such as acacia, tragacanth, or sodium .
alginate, carboxymethylcellulose, polyethylene glycol,

15 waxes, and the like. Lubricants used in these dosage forms
include sodium oleate, sodium stearate, magnesium stearate,
sodium benzoate, sodium acetate, sodium chloride, and the
like. Disintegrators include, without limitation, starch,
methyl cellulose, agar, bentonite, xanthan gum, and the

20 like.

The compounds of the present invention can also be
administered in the form of liposome delivery systems, such
as small unilamellar vesicles, large unilamellar vesicles,
and multilamellar vesicles. Liposomes can be formed from a

25 variety of phospholipids, such as cholesterol, stearylamine,
or phosphatidylcholines.

Compounds of the present invention may also be coupled
with soluble polymers as targetable drug carriers. Such
polymers can include polyvinylpyrrolidone, pyran copolymer,

30 polvhydroxypropylmethacrylamide-phenol,
polvhydroxyethylaspartamidephenol, or polyethyleneoxide-
polylysine substituted with palmitoyl residues.

Furthermore, the compounds of the present invention may be
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admnistered in a single daily dose, or the total daily dosage may be
adm ni stered in divided doses of two, three, or four tines daily. Conpounds
of this iwoentieomn can be adm nistered in intranasal form pCHUS@OESe® use of
suitabl e intranasal vehicles, or via transdermal routes, using transderna
skin patches. Wen admnistered in the formof a transdermal delivery
system theundsdg&ocadnihbser afi baodeplcadebleopo$emebs uwerffududus rat her

t han internhptent throggﬁgg%ﬁgge&dosage regi.ne The conggunds are

typi cal | y*5dAcyirEEer3t BuFeSHi oh @uﬁif‘égréfﬁﬁa?ﬁﬁ@ €rcal diluents,

exci pi ent polollacaiti eesd( coblegtiyvelycr abedr edobo1PRELEN &S pBhGN AREEHL i cal
carriers) suitably_selected with respect to the intended form of
adni ni st r 8PFPoRCIVEAYCP1Coprald aBPAYSPSEAPBUFRBTORERPRS, PPRNbETduneyt he

| i ke, gand st et gWi ' p pgal practices . For
instance,b?g?§%§a?8%ghi%P%%?ggﬁg%gggg%heggggﬁggggggtabIet or capsule, the
active drpglydmppdenpyransbepobpbiyandacthagaasprahd avasstaxked or

phar maceut i cal | cceptabl e, inert carrie uch as lactose, starch
sucr ose, aWnggéFﬁﬁﬁtﬁ;?c%aFPBPg¥@?rﬁaaﬁeéY%ﬁ?%? Srate, dicalcium
phosphat e, calpjdayes Wdradse, (gHRTMdRut Y PIdRIp AN iR )| ISt e %@l}
admnistration in liquid form the oral drug conponents can be conbi ned
with any 3srHnisigiatieon @avpkanredautineal lapoade dptmdllld dusar ttc abdwr such as
ethafgl’]Qky%ﬁﬁ@igfgﬂémbf active ingredient per dosage unit. In
these pharmaceutical compositionsg the active ingredient will
ordinarily be present in an amount of about 0.5-95% by
weight based on the total weight of the composition.

Gelatin capsules may contain the active ingredient and

15 powdered carriers, such as lactose, starch, cellulose
derivatives, magnesium stearate, stearic acid, and the like.
Similar diluents can be used to make compressed tablets.
Both tablets and capsules can be manufactured as sustained
release products to provide for continuous release of

20 medication over a period of hours. Compressed tablets can
be sugar coated or film coated to mask any unpleasant taste
and protect the tablet from the atmosphere, or enteric
coated for selective disintegration in the gastrointestinal
tract.

25 Liguid dosage forms for oral administration can contain
coloring and flavoring to increase patient acceptance.

In general, water, a suitable oil, saline, aqueous
dextrose (glucose), and related sugar solutions and glycols
such as propylene glycol or polyethylene glycols are

30 suitable carriers for parenteral solutions. Solutions for
parenteral administration preferably contain a water soluble
salt of the active ingredient, suitable stabilizing agents,

and if necessary, buffer substances. Antioxidizing agents
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and the |ike. Mreover, when desired or necessary, suitable binders,

| ubricants, disintegrating agents, and col oring agents can al so be

i ncor por av@d2245b® t he m xture. Suitable binders include sparwkoi/agadeat i n,
nat ural sugars such as glucose or beta-lactose, corn sweeteners, natura
and synthetic guns such as acacia, tragacanth, or sodium. alginate,

car boxymetunt eel lswiddse mmmaﬁmel eredjluyc atul Addnee s orart ddrdild keid,
Lubricants uysed iin these d ornms inglu sodi um.qgl eat e, sodi um

St oar at oS Hte SRS Ca A HEl e eGSO Godtears s urm

chi or i de a1andl @ lrke o DI NRAIALSIS iicaCldide.s WridhQashinTidmat on, st ar ch,
nmet hyl cel | ul ose, agar, bentonite, xanthan gum and the |like. The conpounds
of the prae%bn:thnnvmnamami Fodaltiensdisam soatedn Prase RS | | posone
deliv ry te nall ni | amel | ar wesi e M |Ianellar
vesi c Ss%t%“d r%u?oteazaq}% ar mvé:s],nl (L:é1 ld%. e%cl)1 \c{)eres?%lcgysr%éﬁf_gor rdm a
varlety Qﬁuphﬂﬂ@h@bqﬁdﬁblSUCh as chol esterol, stearylam ne, or phosphat

i dyl chol i nes . Conpaunds of the present |nvent|on nay also be coupled with
sol ubl e pol ymeis tedliey @A Wrirg o 855 S 8Fch FAHEIE ddh i ncl ude

p0|yv'ny&@%{ﬂ@ﬂd%p%e@H@Eﬁﬁ%éﬂﬂ%ﬁdﬂnﬁblences, Mack Publishing
pol yhydr 0XyprUpyrnErhatry“anrde—phenvr———p01yhydroxyethylaspartan1depheno|

or pol yetGopiremanx iedegeindaps] nee fadssidet tteett it elpa Miitesyd. resi dues.

10 Representative useful pharmaceutical dosage-forms for

administration of the compounds of this invention can be
illustrated as follows:

Capsules

A large number of unit capsules can be prepared by

15 f£filling standard two-piece hard gelatin capsules each with

100 milligrams of powdered active ingredient, 150 milligrams
of lactose, 50 milligrams of cellulose, and 6 milligrams
magnesium stearate.

Soft Gelatin Capsules

20 A mixture of active ingredient in a digestable oil
such as soybean o0il, cottonseed o0il or olive oil may be
prepared and injected by means of a positive displacement
pump into gelatin to form soft gelatin capsules containing
100 milligrams of the active ingredient. The capsules

25 should be washed and dried.

Tablets
Tablets may be prepared by conventional procedures so
that the dosage unit is 100 milligrams of active ingredient,
0.2 milligrams of colloidal silicon dioxide, 5 milligrams of

30 magnesium stearate, 275 milligrams of microcrystalline
cellulose, 11 milligrams of starch and 98.8 milligrams of
lactose. Appropriate coatings may be applied to increase

palatability or delay absorption.
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Furthernore, the conmpounds of the present invention may becoupled to a
cl ass of biodegradabl e polyners useful in achieving controlled rel ease of a
drug, fowerampbe, polylactic acid, polyglycolic acid, copoTYRErS4@f
pol yl actic and pol yglycolic acid, polyepsilon caprol actone, pol yhydroxy
butyric acid, polyorthoesters, polyacetals, polydihydropyrans ,
pol ycyanoacyl angectabdecr ossl i nked or anphi pat hi ¢ bl ock copol yners of
hydr ogel s. Dosage forns har maceutj cal conpositions) suitable for

PRSP RAr Lon ot

adni ni stration nayPTowt r%ﬂ?%%ﬁh?lq?rﬁéqﬁiﬁ aBOBt R 10Br RF L PR gr ans
of activey ngredicabh RER, ARSFARJIHG b1 skhesenBhar BRC el hiAlgHeOormRosi tions
the active ingredient wll ordinarily be present in an anount of about

0. 5- 95% Iy higegAngsesidéendn irhd Ototal viediugiet peorvAernsordosiali emd Gel atin
capsukes contai_n ctive inagredi ent, and powdered carriers, such as
Iactoée,“%?%Féh,&%glféﬁgggo eF&§%@%§%§,%ﬁgﬁnégfﬁﬁ¥§fégpﬁﬁbFqgﬁgg?ic acid,
and the I|dkeriSemahdr sdidnidritzz=dcan be used to nake conpressed tablets

Bot h tabl ets and capsul es can be nmanufactured as sustained rel ease products
to provi de foPUSBRESARBuUs rel ease of nedication over a period of hours.

Conpressed tabl ehs £alebes SugabroRbed Be | Mmooated EorMBR ANy
pl easant taste and protect the tablet fromthe at nosphere, or enteric
coat ed fedmgplietratéoti sionttdgrtatiech Snmiheogastinoil®lesta el fAimadty. Li quid
dosag& f%ﬁggdggra%%%beaq%EQ%%E%%EiogO%aﬁgcggt%b&ium carboxymethyl
cellulose, 5 mg of sodium benzoate, 1.0 g of sorbitol
solution, U.S.P., and 0.025 mL of vanillin.

Where the compounds of this invention are combined with
other anticoagulant agents, for example, a daily dosage may

15 ©be about 0.1 to 100 milligrams of the compound of Formula I
and about 1 to 7.5 milligrams of the second anticoagulant,
per kilogram of patient body weight. For a tablet dosage
form, the compounds of this invention generally may be
present in an amount of about 5 to 10 milligrams per dosage

20 unit, and the second anti-coagulant in an amount of about 1
to 5 milligrams per dosage unit.

Where the compounds of Formula I are administered in
combination with an anti-platelet agent, by way of general
guidance, typically a daily dosage may be about 0.01 to 25

25 milligrams of the compound of Formula I and about 50 to 150
milligrams of the anti-platelet agent, preferably about 0.1
to 1 milligrams of the compound of Formula I and about 1 to
3 milligrams of antiplatelet agents, per kilogram of patient
body weight.

30 Where the compounds of Formula I are adminstered in
combination with thrombolytic agent, typically a daily
dosage may be about 0.1 to 1 milligrams of the compound of

Formula I, per kilogram of patient body weight and, in the
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coloring and flavoring to increase patient acceptance. In general, water,
suitable oil, saline, aqueous dextrose (glucose) , and rel ated sugar

sol uti onsvanzizgbeycol s such as propyl ene glycol or pol yet hpeeusoigsy®ol s are
suitable carriers for parenteral solutions. Solutions for parenteral
adm nistration preferably contain a water soluble salt of the active

i ngredi ertaseSkift ablee tHrARIKII1ZitNG agents, @ne hisudeCemsRigs Jrufther
substances. Antioxidizin a ent ssuch as sodium bisulfite, sodiumsulfite,

or ascor Fheocadodyis aean serdpisitrEed alensumeanike sieshiaed iy
agent's. 4h30:U5ed e 'a%lﬂ%'lgt%@gd' i3 £kl ScapdsedidmEiA

addi ti on, parenteral solutions ¢can contain preservatives, such as
benzalkon|UWIWMGme(hworuﬁlmdre of phepy¥orpaoden seaethd Hiereipeana .
Sui t abl e pharnaceutlc |. carriers ar crlbed R 'S

Phar nace {TeE&S S&i% ﬁ@@?nlﬁﬁﬁﬂFqPWBl % EF&' Em fﬂé#HZQeference
text in tdangrkhel th%e%%ﬁm %tﬂ ‘é%c‘khs%%&vhbomé@ftm%lét iqadi dosage-1herms for

adm ni stration of the conpounds of this invention can be illustrated as

fol | ows docagsulags! Am@el adsge cfformnmwéa@sme@slq&aﬂw gl fristsarted by
fiiling standaudat Wl ace hand dekah NaeAPsasn ach i th Ao md | i or ams

of pomdere active ing Sdi ent’ il 1] grars o tose S 15 I grans of
CelIUIOS®1eWn@f6UMd|adﬁﬂﬁﬂVdm@me&hﬂﬁb&beabakﬁfect of the

10 therapeutic agents when administered in combination.
Particularly when provided as a single dosage unit, the

potential exists for a chemical interaction between the
combined active ingredients. For this reason, when the
compound of Formula I and a second therapeutic agent are

15 combined in a single dosage unit they are formulated such
that although the active ingredients are combined in a
single dosage unit, the physical contact between the active
ingredients is minimized (that is, reduced). For example,
one active ingredient may be enteric coated. By enteric

20 coating one of the active ingredients, it is possible not
only to minimize the contact between the combined active
ingredients, but also, it 1s possible to control the release
of one of these components in the gastrointestinal tract
such that one of these components is not released in the

25 stomach but rather is released in the intestines. One of
the active ingredients may also be coated with a material
which effects a sustained-release throughout the
gastrointestinal tract and also serves to minimize physical
contact between the combined active ingredients.

30 Furthermore, the sustained-released component can be
additionally enteric coated such that the release of this
component occurs only in the intestine. Still another

approach would involve the formulation of a combination
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Soft Gelatin Capsules A m xture of active ingredient in a diges table oil
such as soybean oil, cottonseed oil or olive oil may be prepared and

i njectedvwyome@mms of a positive displacenent punp into gebparisotas4deor m sof t
gelatin capsules containing 100 mlligrans of the active ingredient. The
capsul es shoul d be washed and dried. Tablets Tablets nmay be prepared by

convent i graduperoced wigs s ahichahet bergosage Uri obsedORindl ki granms of active
ingredient, 0.2 mllnggjram; of ¢olloidal silicon dioxide, 5 mlllgram; of

magnesi uFUStedRece A S ianteg i EnE SdRafiSc POLrMPSEal PRfle tESI PEPETe,
mligr a%f@fon%trﬁa gl and P8R el wl%aras f Rt Q8en ARPLORGLAL € coatl ngs

may be applied to increase palatability or delay absorption.Injectable A
parenterwlscc»ﬁpasd tqnmi%mft @Nﬁeomr@@mlnmuha?tm@rilwosm e&PMen rmy be

prep sti rr| t of active. edi_ent i.n 10% vol unme
Dt byt oné HFe GPRIP TS TEHE S A AT BEeraac i S0t SRAERi

sodi um Chlf%t@l%xaryégﬁx%rﬂé ithed acBiyRERSIPIHAM LRUCQUS PUIR@RS ON can be
prepared for oral adnni stratl on so that each 5 L contain 100 m% of f| nel y

di vi ded segitiag meferc 200 Ay @ﬂ%%%&aﬁﬂﬁfeﬁﬁyun&@w
of sodi up;hen7eal &rrk:d BuplonS@ili tol

These as well as other ways of minimizing contact

10 between the components of combination products of the
present invention, whether administered in a single dosage
form or administered in separate forms but at the same time
by the same manner, will be readily apparent to those
skilled in the art, once armed with the present disclosure.

15 Numerous modifications and variations of the present
invention are possible in light of the above teachings. It
is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise

than as specifically described herein.
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solution, U S P., and 0.025 nL of vanillin. Where the conpounds of this

i nvention are conbined with other anticoagul ant agents, for exanple, a
dai |l y doyege2/pmyo be about 0.1 to 100 mlligrams of the corEDURE/2sH06FOr Mul a
| and about 1 to 7.5 mlligrans of the second anticoagul ant, per kil-ogram
of patient body weight. For a tablet dosage form the conpounds of this

i nvent i ogpgengkakk X i@y bhe.present in an anmount of about 5 to 10 milligrans
per dosage unit, and the second anti-coagulant in an_anount of about 1 to 5
ml1igrams ped-dodapzogass. fohemaking eorpordsdoPiFBermdal Tare
adm ni stered in conbinationpth an anti-platelet agent, by way of general
gui dance, typically a daily do e may about 0.01 to 25 mlligrans of

t he conpound of Fornula | andNéb ut %0 tp 150 milligrans of the

anti-platel et agent, preferablyyab to 1 nVIIigrans of the conmpound
of Formula | and about 1 to 3 | 1iogr a [ a ﬁ&latelet agents, per

kil ogram of patient body weig ere the ® ounds of Formula | are

adm nstered in conbination wt ronbolytié§9@ent, typically a daily
dosage may be about 0.1 to 1 m TipgraHs of the conpound of Forrmula | , per

ki | ogram of patient body wei ght %amd, in®thecase of the thronbol ytic agents,
t he usual dosage of the thronbolyic agent when adm ni stered al one may be
reduced by about 70-80% when adm ni stered with a conpound of Formula I
Where two _or nor.e of the foregoing second therapeutic

comprilsing:

5 (c) contacting a compound of Formula IVa with maleic

acid to form a compound of Formula IV;

F,C F3G
F I\ ¥
N/ \ H N\ I}\% /
Ny N / N 4
o —(N\ QO \
N
N \
\ —_—
N T N e N
P Iva F [\
HO,C CO,H

(d) converting a compound of Formula IV to a compound

10 of Formula V; and,

(e) forming a compound of Formula T.

2. A process according to Claim 1, wherein in (c),
15 contacting with maleic acid is performed in the presence of

a first solvent, ethyl acetate.



agents are adm nistered wth the compound of Fornmula | , generally the
anount of each conponent in a typical daily dosage and typical dosage form
my b e nmedowedIrel ative to the usual dosage of the agent P@iveRoizasmioni st er ed
alone, in view of the additive or synergistic effect of the therapeutic
agents when administered in conbination. Particularly when provided as a

si ngl e dosage ni ta g eddatamd sis diofim xhemaaalid nter@etj ap bet ween
t he conbi ned active ingredients. For this reason, when the conpound of

Formul a |segrhnd swemitt t Herdpearekutaent b addnthitReEIHPRERi ngl e dosage

unit they . ] ated such that although the active ingredients are
conbi ned égé?éf%%¥gﬂ%bsage unit, the physical contact between the active

ingredients is mnimzed (that is, reduced) . For exanple, one active
ingredient may be enteric coated. By enteric coating one of the active
ingreéients, it is possible not only to mnimze the contact between the

conbi ned activg, i ngnadl &S adibr@S®. td lolHiPOSSilerdih coaf ros the
rel ease of one of these conponents in the gastrointestinal tract such that
one of t hesefcompbrivnternadoing et eagraepynd (e Rygnekeh BUtwitlther is

rel eased | lggﬁ%'ntes i nes, ? f tive_ingredi may al so be
coat ed vwﬁép }#e%Fa%hﬁh%Eﬁ e %Ef%hg'g%?ﬁhgﬁgdgr%ﬁ%ﬁg%ﬁ%hroughout t he
gastrointestinal tract and al so serves to mnim ze physical contact between
t he %%nbined active ingredients.

5. A process according to Claim 4, wherein the base is

selected from K,CO;, Na,COs;, KHCO;, NaHCO;, KF, NaOH, and KOH.

15 6. A process according to Claim 5, wherein the base is

K,COs5.

7. A process according to Claim 4, wherein in (d), the
20 solvent is selected from DMSO, DMAC, N-methylpyrrolidinone,
and DMF.

8. A process according to Claim 7, wherein in (d), the

25 solvent is DMF, comprising: 0.5 to 50% by volume of water.

9. A process according to Claim 7, wherein in (d), the
solvent is DMF, comprising: 10, 11, 12, 13, 14, to 15% by

30 volume of water.
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Furt hernore, the sustai ned-rel eased conponent can be additionally enteric
coated such that the release of this conponent occurs only in the

i nt esti navo B/246b0 anot her approach woul d i nvol ve the for nubatr/iuset/ashosa

conbi nati onproduct in which the one conponent is coated with a sustai ned
and/or enteric release polyner, and the other conponent is also coated with
a pol ymer suchoas @ LQwkeScosidy Qfiagde 8l chudrorypharye imetibyl(egl | ui ose
(HPMC) or other appropriate materialS as known in the art, in order to
further sheasaillgenlieiscPDife comporieing: TRE%pOYywWelubeatiingyad@rves to form
an additional barrier to interaction with the other conponent. These as
wel | as other ways of mnim zing contact between the conponents of

conbi nati on products of the present invention, whether adm nistered in a
single dosage formor admnistered in separate forns but, at the sane tine
by th® sane mddner A WIOcSss Be&@UAIngpHar EAL o 1t hWEeTSM 1 & iF the art,
once ar ] h r iL.sclo f if i 1 n

vari ati g%%rof&?ﬁtg %ﬁg@%ﬁ%}cﬁ&g@fiaoﬁz%gn?guggggfg@rﬁ%‘iﬁ Iafl?\ho t C‘Zi anove

t eachi ngs skilvieatt belekdred tfordre metdensicodceianiwtilien tisorswmd of the

appended cl ai ns, the invention may be practiced,other.w se .than as

speci fi ca?'ic"'lc)?hg’ﬁscﬁt ar &rr?.p\ﬂq,&éé'l ECELRPREDT PSR YL 1S %b“rtéfg'eg(se%fo&e meki ng
a conpoungtfk)Fopmud ah e @TPENS R@itelC) contacting a conpound of Formula
IVa with nmal eic

10
12. A process according to Claim 11, wherein (e) is
performed by contacting a compound of Formula V with HCl in
ethanol.

15

13. A process according to Claim 1, wherein the
compound of Formula I is a mono-HCl salt.

20

14. A process according to Claim 1, wherein the
compound of Formula I is crystalline.

25 15. A process according to Claim 1, wherein the
compound of Formula I is a solvate selected from ethanol,
propanol, isopropanol, acetone, MIBK, 2-butanone, and water.

30 16. A process according to Claim 15, wherein the

compound of Formula I is an ethanol solvate.
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acid to forma conpound of Formula IV, (d) converting a conpound of Fornul a
IV to a conmpound of Formula V ; and, (e) formng a conpound of Fornula I

2 . A provesy2amecording to Claiml , wherein in (c) , conpa@TAKIRSWG h

mal eic acid is performed in the presence of a first solvent, ethyl
acetate.3 . A process according to Claim2 , whereinin (c) , a second

sol vent, 1-chhgrobw aecdss agdeddiagenaadeipr 6Gi piteatdion thed . A process
according to Claiml , wherein (d) is perfaruged contacting a conmpound of
For mul a [OPmEHOMERHOGHESAE. 3 ﬁ%é%@é?%ﬁ&@%%a%&réﬁ?sas'sol vent . 5. A
process %E@%qisqgl .0 Caim4 , wherein the base is selected from K2C03,
Na2C03, , NaHC03, KF, NaCH, and KOH 6 . A process according to Claim
5, wherefsf the base is K2CO3 . 7 . A process
wherein in t is selected from DVAC,

N- et hyl pyr.o i QVF. 8 ./A process accdrd\ ng 4o aim?7 ,

wherein in (¢ @ S conpri si ng: IE\N 9 vol urnfe of
water. 9 . . tg CNai m———whesein in (d) he sefyent is
DVF, conprifsing: 10, ‘11, 12, 13, \14, to 15% by vorGre of r.Nll:;éﬂA

$0l vent isg/ .

process acc g to daim?7 ereinin (d) , t
conprising: 15% Dby volune of water. CN

ording to daim4 ,

ITI F
II
IVa
5
(b) coupling compounds of Formulas II and III to form a
compound of Formula IVa.
10 18. A process according to Claim 17, wherein the

compound of Formula IVa is used without purification in (c).

19. A process according to Claim 17, wherein (b) is
15 performed by contacting a compound of Formula II with an
acid activator, in a solvent and a first base, followed by
contacting the resulting solution with a compound of Formula

ITT.

20
20. A process according to Claim 19, wherein (b) is
performed by contacting a compound of Formula II with oxalyl
chloride in acetonitrile and pyridine, followed by
contacting the resulting solution with a compound of Formula
25 IIT.
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11. A process according to Cdaiml , wherein (e) is perfornmed by contacting
a conpound of Fornmula Vwit HCO in a solvent selected from nethanol,

acet oni t wo e2/24630pr opyl al cohol, ethanol, propanol, acetoP€T/UREIsyl6

i sobutyl ketone (M BK) , 2-butanone, and water. 12. A process according to
Claim1l, wherein (e) is perfornmed by contacting a conpound of Fornmula V
with HO in etfanol prddeséd 9588§§§n§0€@r@1£ﬂmtﬂogﬁlh&éln sbeseia the
conmpound of Formul a ? is a nmono-HCO salt . 14. A process according to Claim
1, V\hereompmhndcoﬁrpﬁgnmub& F&r has sbeen sceryaehpdi wieth 13 comppradess
accordi ng wher iy a solvate
selected F% %?%gEOI Begﬁgnonggs%%pgggﬁglegagg%gﬁégc %E 2- but anone,

and mategolggloﬁ,process according to Cl aim 15, wherein the conpound of
Formula | is an ethanol solvate .17. A process according to Caiml ,
wher €& n the conpound of Formula IVa is prepared by the process, conprising:
I Va (b) coupling conpounds of Fornulas Il and IIl to forma conpound of
Forrmula 1Va. 18. A process according to Caim1l7, wherein the conpound of
Fornul a | Va i82used mirbhest porcptdtngi ba Ciha(Lm)Zl 19hepnepnoEbss according

to ClalngéZonghg;ggn1gbé11sopropylethylamlne‘

10
23. A process for making a compound of Formula IT:
F3G F3G
7\ 7\ / \
N
F,C N Ny
- : 5 VA
o o) 0
vVII . - .
CN CN
F F
vI VIII II

comprising:
(a) contacting a compound of Formula VI with a compound
15 of Formula VII to form a compound of Formula VIII; and,

(a;) converting a compound of Formula VIII to a compound

of Formula II.

20 24. A compound of Formula I:
F4C

wherein I is a mono-HCl salt.
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performed by contacting a conpound of Forrmula Il with an acid activator, in
a solvent and a first base, followed by contacting the resulting solution

with a conpoungoof Fornmula I11. 20. A process accordi ng tpPCTUSIISLEH,
wherein (b) is performed by contacting a conmpound of Fornmula Il wth oxalyl
chloride in acetonitrile and pyridine, followed by contacting the resulting
solution with a conpound of Formula I11.21. A process according to Cl aim
20, wherein after a conpound of Formula Il has been contacted with a
conmpound of Forrmula Ill, a second base is added to the reaction sol ution.

22. A process according to Caim 21, mherﬁgh.tha second basg%gs
di i sopr opy! e2Byl afi memMEPANdA a5COEEdadt &P (e 24 ' c STETE SFFornul a 11

VI Vi Elo#ogg@rcjéi%%mdlaa) 1€qRt agtidg1a sgenpound of Formula VI with a

compoun ornmula I to forma Conpound of Formula VIII; and, (ai)
converting a conpound of Formula VIII to a conpound of Formula Il. 24. A
conpound of Fornmula I : wherein | is a nono-HO salt,25. A conpound
according to Claim 24, wherein the conpound of Formula | is crystalline.

26. A conpoung acgordimhirl @richddhg WeerHiaint [28l, wherein the
compound of Formula I is a solvate selected from ethanol,

propanol, isopropanol, acetone, MIBK, 2-butanone, and water.

10
27. A compound according to Claim 26, wherein the
compound of Formula I is an ethanol solvate.
15
28. A compound of Formula IV:
F3C
AU
1\]>\—er\© /
N N
o} ’( \
N
\
N
CN °
F
‘ [\
HO,C CO,H
IV.
20

29. A compound of Formula Va:

N’\(
N
/// NH, L§/
O—nN



compound of Fornmula | is a solvate selected from ethanol, propanol,

i sopropanol, acetone, M BK, 2-butanone, and water. 27. A conpound accordi ng
to Cl ai mw@p2/nser ei n t he compound of Formula | is an et hapot/usol28atee. 28. A
conmpound of Forrmula IV: IV. 2 9 A conpound of Fornmula Va : Vaor a
pharmaceutically acceptable salt formthereof . 30. A pharnmaceuti cal

conposi tion, conprisi ng: r 1cald aGCem als-Larrier and a
t her apeti EaHREYFET |vceaale% %r?’lt& %lé? conmpound according to O aim 24, 25,

26, 27, 28, or 29 or a pharnaceutically acceptable salt thereof . 31. A
met hod for treating a thronboenbolic disorder, conprising: admnistering to
a patient in need thereof a therapeutically effective amount of a conpound

of Claim24, 25, 26 ,RirmaGuidlcd HmpoPhardrac aitnimesald ingccept abl e sal t
thereof . 32. A conpound of Caim24, 25, 26, 27, 28, or 29 for_use in

t her 8py pl8&madseuiof cal by rpotantadile eann ey sl azéiheztﬁp%l‘%ﬁll?@ for the
menufacture of. a medicament fof NGl SAlamM: A & tdrembosnbojéc di sorder.
26, 27, 28, or 29 or a pharmaceutically acceptable salt

thereof.

10
31. A method for treating a thromboembolic disorder,

comprising: administering to a patient in need thereof a
therapeutically effective amount of a compound of Claim 24,

25, 26, 27, 28, or 29 or a pharmaceutically acceptable salt
15 thereof.

32. A compound of Claim 24, 25, 26, 27, 28, or 29 for

use in therapy.

20
33. Use of a compound of Claim 24, 25, 26, 27, 28, or
29 for the manufacture of a medicament for the treatment of
a thromboembolic disorder.
25
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