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preferably 4-toluene sulfonic acid, to a solution of cyclocoumarol in a mixture of a polar
water miscible solvent and water at a temperature of from about room temperature to about
the boiling point of the solvent. Less than 2% acid catalyst is usually ineffeicient while more
than 10-15% may impurify the product and be uneconmical. The reaction is preferably
conducted in butanone or acetone containing about 35% to about 65% of water, preferably
about 40% to about 50% water, and is most preferably conducting at reflux temperatures.

In another aspect, the invention is a process for the preparation of warfarin sodium 2-
propanol clathrate comprising reacting pﬁre warfarin acid with sodium carbonate in 2-

propanol. The 2-propanol preferably contains between about 0.5% and about 5% of water by
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be unecmoenprefdrablyietbednasbone 1 O arsic gionhé.3¢ dmteasurs yaddd und 3Pityoofathe Lfinab0%
preferably abqut 40% tp about 50% .water. The, reaction e conduct ed at
bt enpePEibfle e GRFRAIAN Gl BAHAPEBARE iEonagol labrals (RO FARUFEIS ¢ he
sol Wt a tgrhﬁ%tﬁﬁgérjby ﬂohhgbaﬁ%sm%mpéra@&e%%%m fHe BRAKE p_bglft Irggxth& QBRBAAL UT €.

15 oug met hods of preparing crude warfarin aci y in principle

' be usedMadrbpreferatedys thegedrsion is carried phtaat reflex pmpefdtergs.i The geaspien whiypisalyl | ow

are nost effective wh crude farin_acid is. prepare this t hod. 3)
Novel - Poippistan impardrarb oo bl Sl st SR el tindied it
crude agbfh dvdub2 hovtshelaBbitt YVhoat B a ipheTeéd EhBodifledC Me solds $&thathingnfand
extraction of the warfarin 20 acid_into an aqueous al kal ine phase as the
war f ar i thes gdagtions épHoplesey, Which epnsisbrizrimarily| of uaraaelsd sodivm capbpnatsy sire
al kal i ne_sol yt.i op, . follo ¥ di i i e | kyl (o]

or oftbr afme el dberisSions ot i Shndberl hiohioBic, Ml fin ¥y fdP L Bhugry o

sol vent tejrﬁar}@ sgft@nalithe preferred bidiary adedttopio Gystemiie Stpropaiot aad watdro| Reefesred The
al kaline solution is preferably an aqueous solution of a dilute base, for
exanpl efernasyli eaeotppicogistidation sysiems e |2omepanglieyslobexappyaters Zprapanel- s
2- propa k ough R g y i } ) or
et hanol Hglnag?/ %atég}u%g% Pp%ag&plte%@% 8’?4 3}&5&{ gm?%rﬁﬁe’lt&%ﬁoﬁaﬁc%l tg%lglgpilvsgteﬁ'p?fﬁeé rargg% y

i sol at eglabfrifi i2- tpi@ganoh clathrite @revipitites frameitie Yelsioanamxturé e @ ciydtalliedpure
precipitate the warfarin afgf d .may be an aqueous acid selected from

hy dFdchpid, avhighy ig collected by BIEaHPR phosphoric acid and the like. Sulfuric

acid I's pref & bighersfpllr, MRS iiehiddil H Bohotn&PESY bRiithd Wakiali DobRAH bpNS
for dilution of the a(?ueous salt solution and precipitation of the purified
war f ar i reaatingl parcewarfain acrdnwith porasstanaiarhangtehingplageipf sgdiwar fasbénateac The
wi t hout the need for %S_Idi ti anal Rz,rl ficati onigﬁ[?&:_)geﬂijr e? whi ﬁh.te d tg be
cost |y EKRqUen RYAUGIE I Rtassipnsalt Jemation; ang s ? FIO8F f gV e hIRT LB S
sol uti ogr Y diRatd ¥ofmatiof® 021 070503 PCT/ US01/50=438 acid salt, dilution

q

of the eous solution with a |ower alkyl alcohol, preferably at or above
r oo?0 t enper afmamthérsispect thedaventiqodoa graggdsyfor prepanng warfiwen LithdimiZopropana he

acid, the.solution is stirred, preferabl a erat.ur. .o ut
200 1o U RbEBRsiR e P RFB Y wBb £ s UBERT 6P it 58 TkE Rower
al kyl abgifiebus RipRbganah| yPRfdfeappiameters adél dfkerviseaidBntielIpRr didse efoat ther
above roomtenperature. Although the ampunt of alcohol is not critical, the
resul t affepgwtion j ofn Wararie rspgiun %moam ¢lathratapelthoughothe 2-prparols st be

i sopropm rolkor e pref erably between about 40% and about 50% i sopropanol
to preven dIos's of the pure acid. The acid is then added to a pH of about
2- 528t or ab@iveget anothee acyttie anvéntioniisi d process dor prepadiny evarfanipescaliume | S
critical and results in the %e,nera i on of ,vvarfaggﬁi n acid with hi ﬂger gluri ty
10 and ramgBfing reaciing purasyaciannpeiq Mok R LARNGE 10 YRIELBIETYR Por
stirred gl Rl oRBOWEN" LPMJaROPC PRfEBly, The Sadr! Alidcible ipdlar WoliaE if aedtbad,at ed
by cooling the suspension to a tenperature bel ow room tenperat ure,

pr ef er alethanél; cwetabitule &Cbutanetizowand 1i6 Gnosthprefenatdy tanonel | The pueg Warfarinaci d

5 e gk e Bl L LRl BB BERDRSR eR

der gyat ind@smel Rphatidigr@ysishdptaend cl athrates. Warfarin derivatives
particularly include warfarin sodium warfarin sodium 2-propanol clathrate,

‘war fari n pot ddeinreseahinvgatiom suaeeedst whermpreyipwpafferts bpea fRilkddy pioyiding@ pure

warfarin _acid previ I scliched, -t il - reci in
salts ofcogY%éePPisglﬁégsﬁrégy Bgr%f ‘g‘r’rrlﬁe %cr%é' éqﬁgtlﬂ‘r/%ﬁlgggig r??gt%c%%a?&t %Jr%hgg%%ﬁp s
other than 2 20 propanol nay be prepared according to the invention. These
procedures conprise the followng: 1) Warfarin sodiumis prepared by
refluxing the pure warfarin acid with an excess of sodium carbonate in a
pol ar sol vent such as acetone or butanone, which may be




ei ther anhydrous or contain fromabout 1 %to about 10% water. The
unreact ed sodi um 25 carbonate is preferably renoved by filtration. The
product MO0 DB@I0aM3ed by evaporating the solvent to drynessPOT/USY1/50438
precipitating the salt by addition of a nonpol ar sol vent such as hexane,
cycl ohexane, heptane and the |ike, .and fi|tering and drying the

pr eci pi Pavding)fosherprepasatiQapiwaLiane deryRsIves frh the; pure vasfain acad) aligwing
ref | uxi . I i Pt equi val ent anmount or an excess of
sodi um c%ger: %ﬁ&ﬁgtﬁgﬁfarﬁ‘\‘%g %B@nagﬂt%ggdér%e@g?%?opanol may be anhydrous or may
cont ai n aboutThis ¥ettionadadves alifitbvioasle unrepogiizedapopleaband prv¥ides aabethiod &%

water. The nolar. rati o of sodium carbhonate to rfari.n.acid i bet wee
“Rbout 0.16° RFREEHELET PTG NITRE el EREDPE Be IRBiRIaD GMIAS WARYATYRIS. 3
The s eacilmaTmymBe: GeRGCS dadliofl pAAREARRUT e ranging from r oom

tenperature to t WO 02/ 070503 PCT/ USQOL/ 50~38 boiling point of the
"sol vent for &his meentionf presantsapumprovesiaynthssialed wwarfaringgidsandtsedesivatives, int he

o r omepuiebERGnS b by artVia g e ol FRP RO R BR T B BRE bfloved
by filtratiafilyPbtafable®yaxs 66 exivdidnethsdd ®TRYE ddBiioRalPRification.

(2-propanol /water) or térnary (heptane, cyclohexane or, 5 preferably,
hexane wi t h Zhiy mwyemiéin provides eevantagee tiat visrenati evipudy apprecrigd speleas pict at ed

Cry 405 rete v suh e b CRBT Bur Bl ot g apd REMBREE TS 01T

prepared by r@felinvdntion tpheviges & adah@pe h ?@Hﬁbiﬁ\g iwhrfafih askll inrthe forboeflaggel N
2-propanol . Reaction conditions are simlar to those for warfarin 10 sodi um
2- pr oparssystals Hehargmeore gpsiknftteredahesilitatecass ofifyingang shertes dpanggimes. 5
clathrate is . . i negl pi I f :
reaction rredilﬂﬁ’% llﬁlfp‘)'g"r;]t@gsgf %@eg’aslghg f%lgn%ggﬁg?gﬁggp ?I‘%@gﬁ%lﬁ ugﬂgl ; r ?;fil er"?lgs. 4)
Var f ar i rofl purli warfatinp acip sl selidihhpatassiirn @rdefidrivd $ajts rawic tiathgatps peepasedf§ ar i n
acid wth a small excess of |ithium2-propoxide in 2-propanol (prepared in
si t U5f r SREEfT®Mi um 15 strips or rods). The product is isolated by cooling,
precipitation, filtratigp QTﬂEWlXFQ@ PRiON'GFAEEET! Pi@Nesses, there
are possible variations o? SOme o t?}el condi t1ons i ch may provide
sonewhat di f flardesdribirgsprefested Sotbedofherthef thepydsent ivvention; spesifichermindlghy isbe
nore preferable are varyj Y and t eratures, level .of stirrin and
react i orfMRIQEE) fop H’&rségﬁ ét ag‘i"iyc g_fowq:]vgg,éﬁ eRfLon; 1§ 1of H&e'@‘?ﬂ 9 P%h“\‘"ﬁfi t(gHV

parti cul At iAY drhfISe PRl ANFkifehced QitbdRerbRSRE flcoMRratedBY refbRAMCA

desi red.sﬁélcalr yi ng pr%gcessgs to optim zec colndi t?rons for g{%ﬁart i %Eﬂ ar >

| ab@0at af yachdiatlibacn individuzllyencorporated byyefetance.ne experi nentati on. Such
processes would be apparent t rsaon ild ' ' ' he

t eachi ngs of Ili’ée’p?se'gsgﬁthefeh'béﬁf l%’38 8 s\L)\gsrt rgcrg it}ﬁﬁg'éére’l&v%? ?aegéﬁepéﬁgé%@gaagg{:%é di ng
to the phEIEH!PHaAMEEIPosTA (UBP),0BriisiPhdriatopdiap Barcpeae Phatwdcopssa ith. Eox) ms

W th appropriate pharmaceutically acceptable carriers or diluents. I|f

appr opr i BRERS pefarsnigcthatEurapean Rwiaagoppeial raipnyasion piiiefrerps; Hibstances and

pr epar atd i ngl udi i sef.- hd, .4 Cidiptha OF
asoous VEPRS. ETER 125, 2hhuplRboddll Refirdils Aahdafas. SR FELRS, aid Uilris

sol utsi ongrovide pefereht®stineiards foi watfhmsodinmhal antfarinaod. aer osol s, in the usual
ways for their respective rout

of admi nistration., hods kno in 30 the
art can be utNW‘i‘Eﬂ“‘?g)e’b?"éR)%%?fe ?‘E?aégs‘é’"@f"ﬁ‘éﬁ% F‘b‘fi‘B‘?lYg‘iﬁ alﬂfﬁ@t‘e\/&\fl’\gﬁ‘?rﬂmc
derivati {gng S t JeHB - as g of
the cormbariitidns, for CEHRRE onaRe, PPAEL FERRRIEE, SE R bekicle TRleAes

whi ch dogmstioubdrly prefdnedt uat e t he conpositions of the present invention. In
phar maceuti cal, dasage forns, tEe onpositions nay be used algne,or 9 . WO
B2 07080 PCNeiSg T B8R sBTRes b i Hiseiol Sy R e, Neg tpelgg v ient
conbjpnat j108hold thethMdNCEhRRAT ¥BHRPhRAI ALY, AEdtdniil&,0aeHe8 (Bcetone, methylethyl
ketone, etc.), and ethers (tetrahydorfuran, 1,4-dioxane, etc.).
Extensive research has demonstrated that the purity of warfarin acid used to prepare

derivatives has a critical effect on the quality of the final warfarin salts and their usefulness
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To illustrate the invention and its particul ar useful ness, the foll ow ng
non-limting exanples are presented which exenplify the invention, but do
not defi meo 0/e70603l | scope: 5 EXAMPLES EXAMPLE 1: Prepar at POm/USH1/50488%
Warfarin Acid The full, two step reaction and purification procedure,
starting fromc clocoumarol met hyl ether is hereinafter described: A Crude

war f ar i rasgxflg. dire tehrpowuhhrfeerodw@kmwwﬂw fessihle PEASRAWS Ohﬁletﬂi?paé%‘!@r
(I 720 9,4 g)ﬁfe\kzgﬁfﬁ}ir}'ao%g?@k%ﬂgh%é&é%egkgﬁ @¥dthe known procedure, using 1.2

g of ben cetone, 1n to a solution of butanone (6.5
L) cont ai ni ndTke- pro¢edarefcs préparing pari wanfirinodvydi nadoedifig 17 heghveritfibh eompdises) was
added and e m xture stirred at reflux for about 4 hours. The reaction
*sol uti orf§RIOMiBS concentrated to about half of its initial volune by 15

azeoiropic digtil 'p%bﬁ@the oL RRRBEMARN aémvm'arb@'me Mighdel HatiNRFdadtidmo@cCi d

began to preci'pitate suspensi on was gradually cooled and the crude,
wet war fthhydromynodma/aa to bermialweetot/inf métharatl iabre flam dusiegs kredvivprobedsiod sal but anone

and wat er 320- 1390 (80-,85% om c Ioco n.a dr SI s
(The wet subs7t ancel}rEB‘Hf‘té‘?rh%%?o‘éWfie YEIrBE, ﬁcé éﬁ&&ﬁé@qﬁfl

into t hecyeﬁ%&uﬁh%px& a thaﬁ&i/es\'Nﬁt%f opmnﬁfetw@@r @fstehh eACﬂraféﬁea@miafawnysw 41 wer e
identical to an authentic sanple (warfarin acid USP standard). B. Pure

war f ari rtohwn@lsdlfqmm anididiEhavesid apnasntaetian i peefereblycaboutl tabentfl0dmandamept e 1

was dded ene.f 5.5, L d.,the.m ti [ t.LRQm t enperat ure
it 107 st bl Sh do Bhal FAL JSE eIl RS ink GRITDL STRCERAY
hydr oxi Otﬁax{ 3b915% 1éadswasanéﬂemd agh@adtitOaddmag ther iredomisip@N TR butahode ér
basi c pH was reached and an al nost clear two-phase sol uti on was obt ai ned.

The sti raCﬁt@ge wastams @bp@t&%@p @bm,at Iﬁﬁxﬁepéef@'@bldw@@“t #0%dpabautes g eateonkhe
agueous rgacqse ey v J:on% gtgg@( epﬂur%nﬁoﬁl GAGOOHP Qﬁémotélgl aﬁlrQ &Sk rfﬂux

di scard e a ueous s returne Ves gent

war med temferah@€of the3IB1veRO ﬂ&eﬁl‘ab(ly} the readtorpid denkivered 4t raeombﬂmx mmmtatmmed
for about "/2 hour while maintaining the terrpe%g({ ure. 10 WO 02/ 070503
PCT/I9so1ltewsdh eiher methods Gt PrepasnissEhdt WOREAIA afkt 18y aBringiRls bab¥d: dhow y

in portig O%lt{n% HaD€ fq{ﬁxgr{hatsth!ibgﬁg zﬁn%%ﬁe‘g?'Jvf}uéﬂ‘fdllb\cxﬁ%rﬁ?ﬁlﬁu@%ct%'ﬂ\& dhlieas

achi evedl ot al bout uric a tion was needed,
whi | e th\ea:}fameaMISf;ﬁepanechby thipmethopi t ated as a bright-white crystalline
solid. 5 The thick suspension was stirred for an adgltl onal 92 ur hen

cool ed to bel 10%oyely imprayadaprepasation ofpure Weefaun agjd byjsyspeRsion of fheggrude
t hor oughlyy Wiiﬁ fMMm%d@%P%ﬁiimsM@érﬁrdlmuﬁdrﬁﬂd S tMlctibn 6P Hd warfarm

2- propanol . rfarin was obtained as a white crystalline powder
upor20dr yacidyirite an aqmeouaalhahn@phase 120) theewaxﬁarhnuﬂts sepdratiod; arkDeriondidy figirat@d, 95%

L om e, 5% Sl 58Sl GG iAo B4 A 58 i,
W Vv sol USR8 roBmlfdniiafdire. <Tke ijp'élaﬁt& witainedise s balve@sis( preferabl 1 eida-
detect Edchlormated and is most preferably toluene. The alkaline solution is preferably an aqueous
solution of a dilute base, for example, sodium hydroxide. A preferred lower alkyl alcohol
25  solvent is 2-propanol, although other lower alky! alcohols, for example, methanol or ethanol,
may be used. The pure, crystalline warfarin acid is preferably isolated by filtration of the
precipitated substance. The acid used to precipitate the warfarin acid may be an aqueous
acid selected from hydrochloric acid, sulfuric acid, phosphoric acid and the like. Sulfuric
acid is preferred.
30 It has surprisingly been found that the conditions for dilution of the aqueous salt
solution and precipitation of the purified warfarin acid are instrumental in obtaining high

purity warfarin acid without the need for additional purification procedures which tend to be

costly and time consuming. After separating and filtering the aqueous solution of warfarin
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Physi cal properties of the product were identical to warfarin acid USPRS.
EXAMPLE 2: Preparation of Warfarin Sodium A three-neck, round bottom fl ask
provi dedwa ddw70mahani cal stirrer, thernoneter and 20 ref| pgrl/aiseyiodsat i on
condenser was successively charged with pure warfarin aci d (308 g, 1

nol e), sodium carbonate (Merck, art. 106398) (106 g, and but anone
(MEK, Creidzseiiodidtion ofifhe aguaous soluken math: alevics alky} Plﬁsah% ow%rﬁl?lm’f ELN
hours, then e b tion
wes T et PR ACRBerRfuet A SO, RBAIAE rfidl the hifith o B B TERFLE |

t he ini tstikd,ytferablpyt dieniperdtaieiofifrontealpdia26°q ﬁiﬁlﬂ)umﬁ))"@yasorslpwﬂe;abbdﬂad in
portions to the residue i

- t enper atahp® $QGF t&nabQHHISPlé;néqq‘eJOW%? ypgfﬁ?tl“gr PW}(%’B y Stﬁlﬁrargg‘? ﬂ{dgg 48 g
whi t pﬁ%}qg&at}ﬁ}’e e rbél{lrt%g&ﬂtuﬁéé"a%ﬁl% e a%%um xr QEoB& 908 Eﬁt”éal

wei ght vacuum oven at 35- Yi el g (90% Carity
"of the ah«sdsuhmtssohmbnqmeferalbbacomds ﬁohmboel$§0%ct9nqh0|ue§0% ltsbprpharﬁiterWd
ushP). 11 02/ 07050 CoI or Bg%n()l C 1ket op&s) %)Fy U!
Abobr pt PEHeTBIOD ALY Bon g oG dHof BveeEhPr e epprover 55 o e pythet

sol uti orpe HeRfs HiAHAEE R é"f)ltl Q)f %#QES ﬁ’tﬂﬁi ab@?e) rooffeteAipRFhnEY! bPPe%ﬂﬁt%?oxﬁ BtorTLC) :

not nore than 0.1 % (conplies with Ph.Eur). 5 Identification

i dent i cabové tempetatunads Erticah apdisults BRORgeexatitr of, WazfosivRici] with ighsapatiiyon of
Varfarin d| um Exanpl e 2 above but using pure warfarin acid (0.1
é? )%%{rncﬁ%@go m) instead of heptane. Yield: 29 g (88% 10 Qarity,

Col or ( by UV) A fét0addeticit edtheUdesd, aRE esspafision iextarg & & asliveaoofiHempeitAnal ,
| dentical to EPCR standard. EXAMPLE 4: Preparation of Warfarin Potassium A

m xt ur e Ry¢cipitationviaribehemfagiditateq By cgolneg ihenwsesnswowﬁwrﬁrﬁfecbff Py TP
(99%9 13&5(1?%?‘“&‘9 Wé%ﬁpra%lﬂ&%)aboﬂtt g’g %B?ﬁ}oll0°¢ ﬁfjee cr);lspa?lxrfg warlh &tid fs" ed

at 20-2 under’a nitrogen

at nosphepén 1smfedl113'0ﬁlﬁﬁﬁoxs@fm&pmlplmedfslubitaioed USI ng suction and t he
filtrate was cooled to bel ow 5C for 4-6 hours. The precipitated, solid was

cardbul Iy filThis é@i"%‘yoﬁlQl%ﬁ#ei)rt‘éﬁ‘éﬁeéuwﬁ/af%é’ﬂewlﬂﬁ RYG¢ d"aZ@“?- PHRENS  and
dried i ringluéf%g“kldm QNE 'lla(t%%}e?OQVaﬂanmeh‘%JeQ aﬁw%l%?ﬁ“fn%]uﬁ@ YaripPstdfum,

war f ari npotassi um as a hygr oscopl ¢ yst i ne soI Yield: ™24.3
g (709 wat€amin idcmamz;probhx)olld&tmw wear fagini potassiuch sindamaatadh llthlurrpll-lpmpanol

e far 1 PRBH GBS Pore SarRF Al PLBYouBCsescrBeEol  aHl P PRRIEEREH dBther m
obser vedy {irtifQitt bASthet Pn¥faly e fHmRRAtN Bl Anrafed MDA orahifd $H1¥n® other than 2-
20  propanol may be prepared according to the invention.

These procedures comprise the following:

1) Warfarin sodium is prepared by refluxing the pure warfarin acid with an
excess of sodium carbonate in a polar solvent such as acetone or butanone, which may be
either anhydrous or contain from about 1% to about 10% water. The unreacted sodium

25  carbonate is preferably removed by filtration. The product is isolated by evaporating the
solvent to dryness or by precipitating the salt by addition of a nonpolar solvent such as
hexane, cyclohexane, heptane and the like, and filtering and drying the precipitate.

2) Warfarin sodium 2-propanol clathrate is prepared by refluxing the pure
warfarin acid with an equivalent amount or an excess of sodium carbonate in 2-propanol.

30 The 2-propanol may be anhydrous or may contain about 0.5% to about 10% water,
preferably about 1% to about 3% water. The molar ratio of sodium carbonate to warfarin
acid is between about 0.9 and about 2, and is preferably between about 1.0 and about 1.3,

The reaction may be conducted at a temperature ranging from room temperature to the

8



Both | H NVR and DSC data strongly suggested that warfarin potassi um does
not formclathrates wth 2-propanol. 30 EXAMPLE 5: Preparation of Warfarin
Li t hi um w0rexmassl Cl athrate A solution of |ithium 2-propP&T/ai801/50438

2- propanol was prepared by reacting Iithi umrods, (0.42 g, 0.06 at.-g) with

| h Thj | u
51 6705 Bais@ pRUBGE MR Rl th acie B @bont L hadn b A Bous s Prsferdhy i o
var fari ?ea%ﬁbﬁ‘ @dﬂced aP &ﬁlxne}nebrame %n@lil%oa@eneﬁf}@amoh mﬁ@@keﬁo@ Mot 99en

at nosphere. ear solUtion was Stirred roomtenperature for two
hour s uhbuts ta a&oohu 3 heurparlthealnrsacpdemitminp et 1edem5véﬁhbzy Siltepensilote thasxtesst her

l ed to about OC for 4 h th t lid i t at full
iVt er e taB TMovSIobN pihads v erohadiiutiSns Oh Ry’ SbehtbBariat CRRACR: Pha 1

a vaguumuanly fifkanOwithlEpropakisl) anfdQﬁat@r) %Zed?%f&dlﬁtﬂlﬂio\ﬁe ﬁlﬁ%réﬁ#@té’bﬁmr@r Ig n

| ithium 2-propanol clathrate as a white, crystalline powd eld

{80.2% marldemdumnc%rpmnnqlbylalhrate Js . fugtherf isolateda@s purendas@lilinecsahyl bps

" H NVR ¢ att rn practically identical to an authentic warfarin sodiiun
clathra r%&’r‘?paing ™08 the integral of the protons relative to the

respective mgyhyl wmuﬁs%&u@gﬁﬁtsﬂd 1sa;5rega;rea B raflwGag) iR urefwak Bhnidid with
clathrate. | PA content ) hermal anal ysis (by DSC): typical
endot hePA{assipmy ¢aghonate tnh%@eonae@ler Rezrtigntqendisions aresiilar ia thase i far sesfatim

2-
o 3001 30wl ZbRpghdt Rl JRRRERL o PG po BB P B R enee
d at hr aff@mfeds uThélbhle igprsipituredsditecly dionl @bl véactiord ntbidiinh |upah |o@61n¢g)| andnisand

flractlon se arator, was_20 charged with pure warfarin acid ( 1000 g, 3.25
mol e) , Y Bitpsienead deing. 260 g, 2.45 nole) and 2- propanol (techni cal

gr ade, SOOO ). T Xt ¢

cooled to roo terr|#§)’§lrrfa%]urlgﬁﬁl (gﬁﬁfyllegg%ﬁv%ﬁab%?g%g b%le)egwagttguzdg@pf g t he
react i omcidi withia ematliexcezsl of bthlﬁm Zhpropoxtle in2iprdpanplepadpared, inco lfiedn tithikel ow
10C nd rap| dl ere by suc tiqn. 25 The clear cal ored. sol uti on was
ot bE nedtrib of Fisye hEpodnbis e atedMinging. Mresip ool iaoR el WSehr ¢ heat
to boiling WFB)P {15 H&sCHPG pr%cés@.éé"@l'iéfe ARLHYSBR Garlibhdl 08 sBROJR thePcdhafidns! and
wat er was gradually renoved fromthe mXxture. Hexane was then renoved by a

bi nary avhich mplpa:o'ddescpme\aluatcmffemnt rgaslfsar $ome oﬂthfnvaZyipgapaditjbnsclhat mighte
solution \Was filtere tlLon sol i ds shed

i th
B Er P o8 Bt niarbie S yatind ol ebbmtetd, IR of bl ileAtionrestil" 70

MM HY) tcRabt@Hitids TEhdab nfa gﬂfequtﬁér @c?lcﬁ‘ed/\mrtaﬁy phiRuRt hidiRbRAquibmeXt Bhdlfor 1030
g (88% 13 WO 02/ 070503 pH of 1 % solution: 8.25 Water (by KF): |ess than

0. 1901 PAhe aespestive( fipalcpjodugt desiced)  Varying ppcessesatd mptisoza cpeditiono i Res 5
Gol or ( %}Mal‘ laiao?&t&rﬁ'éjttﬁgl rﬁlg)? ge 8&9%1%9& ﬁ? rc(uﬂng)eXp&%}'nerqgﬁ&Ctﬁgh processes

would be apparent to persons skilled in the art in light of the teachings of the present
invention.
Warfarin derivatives prepared according to the present invention may be made into
25 pharmaceutical dosage forms with appropriate pharmaceutically acceptable carriers or
diluents. If appropriate, pharmaceutical dosage forms may be formulated into preparations
including, but not limited to, solid, semi-solid, liquid, or gaseous forms, such as tablets,
capsules, powders, granules, ointments, solutions, suppositories, injections, inhalants, and
aerosols, in the usual ways for their respective route of administration. Methods known in
30 the art can be utilized to prevent release or absorption of the warfarin derivative until it
reaches the target organ or to ensure time-release of the composition. A pharmaceutically-
acceptable form should be employed which does not ineffectuate the compositions of the

present invention. In pharmaceutical dosage forms, the compositions may be used alone or
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The product conplied with the pharmacopei al requirenents. PCT/USO 1/5038
EXAMPLE 7: Preparation of Warfarin Sodium 2-Propanol C athrate A suitable

gl ass veward2/qmsnsi ded with a distillation colum was succeesivgsel/sp4sshar ged
10 with 2-propanol (technical grade, 7 7 L), pure warfarin acid, (1.54 kg,
5 nol e), sodium carbonate (0.34 kg E mol e) .and dem neral i zed wat er
(0.22 L)n 2NPFeRHRtgrasseciaon, Iaéf‘ﬁ’fﬂkéﬁj”? gem mﬂ%m&h ither pharmaseyfcallynactiveat i ng
was t he d and the hot mixture rapidly filtered. The clear warm
filtrate S returned to the vessel, the solution heated while stirring,
and the wat efTosillostrate e rrma:m\ircedathyitapbit'mafay uazﬁabtess)phc: following Inehilowtingi t h a
high reflux ratio. The sqlvent r e t|IIat| elaced by

- addi ng FxAeplesatsDEEsERigH VaNch Piem %‘@h's\' o's’t 8&0%1’5) qulﬁ;l g €anot her
hour s or gt lia%l ng was stopped and the m xture gradually cooled to bel ow
10C. The solid was filtered, washed with cold solvent and dried in a vacuum
‘oven (45-50C, 10 nm Hg) fEXAMPRE 11 (Preparatson ofdPuye WearfamneAeidr f ari n sodi um
2-propanol clathrate as a white, crystalline powder. Yield: 1.5 kg (83% ~H
of 1 % sol ut iThe:fuld, SvdChtap iréay:tlorﬁ and patificetionqirotddare, saetigy from Selaoumagol UV) :

< 0.1 AU 25 er rmrethanO 1 IPA content (by GC): 8.2%
Rel at ed "&qﬁlﬂévﬁﬁééshe(%ﬂger dgsgri 8@1 ected Analysis: Conplied with

phar macopei ala 1 eqig & Mesin S ka&@c elfyﬁfdl?ﬁ of Warfarin Sodium

2- Pr opanol athrate 30 A sul tab ass ask provided with a distillation

contd ning o aﬁ%ﬁur%@%*%?&?ﬂ%}é By DS N Rledth 0% Sy BPAURGSH
mol e) ampebcediire, ugiid &2i kg eitbetiz4ldcdighe, th ﬁi&hmd»le)vas hhdednioxd solatiotasf theaioad Wit h
stirri n%@and refluxed for two hours WO 02/ 070503 gr/ USOl/(%% t 38 The

uncl ear (&81L)craRMRG+i@lpeng wlfonis aCtdomaPWHaate@doasa)d Walst ¢t 1) g added gngy
suction was returned to the flask, heating
restartg(lf rlngeglenz%g[i %ﬁgggﬁgﬂb%'{%ﬁ%ﬁ of 2-propanol/water initiated. This

di still ati on Theseawiohi soletbnuwas theh venvanitnated tonattolne half afkity métcdhecdhaboby ~/ 3

of the initial voI me and t hi c suspensi on obt ai ned. he suspensi on was
coolled PEEAsOPHw dssitation 0 M@eanwatag EY?‘ Jg? yoTHes oW i’ﬁ%s 9. 5)

to give i r I : A
cryst al Iplwr%gplfsigfl Gﬁ‘ equalseglsmg Y gﬁdiﬁﬂl %SH%! Qfll@%oﬁé]g}“ljiﬁl ng?b @ﬁrln%lﬁwﬁ

dari tyobfameldéayaﬁlt«aﬂlommdsm&hbd tmth wh}wtame@odmate(rby W): less than 0.1 AU
Water (by KF): 0.1% Rel ated substances (TLC): not detected An- alysis:
Conpl i ed wi t lYitkde pBa(D-ﬂﬁ%)rgei(&O 83%qfrome cpnidcoumbbolYloa endrydbasisnt {The wet
illustrated and dlscctil this s\s&em i catjon are intended only to teach
those sKHrPsiangecANtpiRed ?“ttlﬁeZ5b’e§1°1 § ARG B dirgethised He MeieXt $8P-hake and
useshhe | nve'Pth'anBal Méﬂlé@of fhe CRIR WREA AGE WO iRRAL1do RE aﬁ%ﬁ!x@@ﬁxﬁﬂeas

I|mt| ng the sCope of the present invention. All exanples presented are
r epr eselfwatfarneacid &/SPostaridiard)t i ng. The above20 descri bed enbodi nents of the

i nventi on may, be dified.or g@l ed andgel enents added or omtted, w thout
departing frdin t hd Wntarrsinacid omehde waddnnagd + hose skilled in the art in

The crude (wet) acid from example 1 was added to toluene (5.5 L) and the mixture

stirred at room temperature until a homogeneous suspension was achieved. A solution of 5%

25  sodium hydroxide (about 4 L) was then added to the stirred suspension until a basic pH was

reached and an almost clear two-phase solution was obtained. The stirring was stopped and

the layers allowed to separate. The lower aqueous phase was filtered by suction and the
upper organic phase discarded.

The aqueous filtrate was rcturﬁed to the vessel and gently warmed to 40-50°C. 2-

30 Propanol (4 L) was added and the solution stirred for about 2 hour while maintaining the

temperature.
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| ight of the above teachings. It is therefore to be understood that, within
the scope of the clains and their equivalents, the invention may be

practi cesv@oheosdise than as specifically described. 25 15PCTNSI148870503
VWHAT IS CLAIMED 1 S: PCT/USO01/50438 1. A process for preparing pure warfarin

acid conprising the steps of: (a) providing crude warfarin acid suspended
in awater i r&w?fyap lopid (g&}/ﬂ\ﬁ@h{“Pﬂ by aisshianthan added slawbyrininertianste the ‘é‘g"m/ent

with an al kal | . 1A A bar| id into
the. ai kanrho ol febIiAER SalaE Seialelphy KAk RARKIGAY A B TR CERT, pladRE | O
phase f e tdlativatvels hesdesCivhlle thelpuentwar(aeh adill uprecigititeé ®qa cright-pthise
with a | ower al kyl alcohol, (f) acidifying the diluted aqueous/| ower al kyl

" al cohol cpystdlngsalid- an aqueous acid to give a suspension of pure warfarin
acid, 2. Thefr i s i s 1 c LSt i heb@g t he
aquegus phas ﬁgﬁﬁggég%%ggéfkﬁgStﬁ'ﬁee&%ghlglg%tgn%ﬁ%s%ﬁﬁrb%gﬁﬁléél\l?\g?o e{r)él{)&r{%oggi bl e
"sol vent .foBanoftite hpiiwcess according to claim1l, wherein the diluted aqueous
phase is acidified at a tenperature above roomtenperature. 4. The prqcess

accor di ng t o Jdeh0ld suspepsieeas ddsisd; Biorepehbowathydrigh g%ﬁ@%izﬁ‘ﬁ wfer Arfe
war f ari 1,d,: 1 toluene. 7. The process according to claiml,
furtherqa@%%?‘fltslﬁ%r?é&?ip??peag?lhg pure warfarin The process according to claim
1, wherein t hEhewpirerwanfaris oiablobtanddvent whitel beystallireepowdgrcupoti duyingirclaai m
1, wherein the al kaline aqueous phase is dilute sodi um hydroxide. 8. The
prod@ss vaewun @vemyior 8- Bows 1, wherein the aqueous phase is heated to a
tenperature of from about 20C to about 60C before diluting with the | ower

al kyl al coholYields 1250¢d300£4%086% frantysoudesadads 9. The process according to

claim1l, whergin t g~| S heated to a tenperature of from about
40C to about b%?o@g&gﬁtﬁ@?h V\nqh t he | ower al kyl al cohol. 10. The

process of cl@hAlylandWaRire¢ibarta@ alygetolatikyl al cohol is added to a
concentration of "about 50% 11. The process according to claiml, wherein

the | ower al KSolomby &RAbsosption 2t383cnm (efthe HO %y Wév solubers i1 { NRJ2QH): e £8nol |
et hapol d 2-propanol. 12. The process according to claim1l, wherein the
| o al’Ryl al cohol is 2 propanol. 13. The process according to claiml1,

wher ei n the gedIsed Sulktinded (TLEY] weiealdtectedm t he group consisting of
hydrochl oric acid, sulfuric acid and phosphoric acid. 14. The process

accor di ng t o Rhysical propewies of the produgigves idenfiedldo parfagn peidiUSERS 4. 15, The
process according to cl ai @M@rgi e&%ﬁti&’r‘mﬁaﬂﬁ'sgﬁigﬁwe warfarin acid
. 16. €

is cool ed bel ow room tenpérature process according to claim4,
\ggte \r,\:iez ;Bgufkg%%g%iac ng%\&}cﬂ%{ﬁt%mwﬁagkagrhgidg& iw(%ithi rﬁec%%ilcgldstﬁ'x%r,athémgta‘t e of
20 reflux/distillation condenser was successively charged with pure warfarin acid, (308 g, 1
mole), sodium carbonate (Merck, art. 106398) (106 g, 1 mole) and butanone (MEK, CP,
3100 ml).

The mixture was heated to reflux with stirring for 8 hours, then cooled to room

temperature and filtered.
25 The clear solution was returned to the flask and the solvent volume reduced to about
'/5 of the initial volume by distillation.
Heptane (3100 ml) was slowly added in portions to the residue in the flask and the
mixture stirred at room temperature for an additional 4 hours.
Warfarin sodium was isolated as a white powder by suction filtration, washing and
30 drying to constant weight in a vacuum oven at 35-40°C and 1 mm Hg.
Yield: 298 g (90%)
Clarity of the alkaline solution: clear and colorless (complies with Ph.Eur and USP).
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17. The process according to claim11, wherein the crude warfarin acid is
prepared by a process conprising the step of: adding an acid catalyst to a
sol ut i onwa oxyreseecoumarol in a water mscible sol vent conpar/useigoeds t o
about 50% water at a tenperature from about roomtenperature to about the
boiling point of the solvent. 18. The process accaording to claim17,

wherei n t he &zalen (Phemalig Yeipngsy by WY %@%&lemfﬁrﬂ-kﬁééi(&?'gnl?es W\?bPélﬁ'«H?‘ﬁ@os
PCT/ USO](/J : 138 19. The process according to claim 17, wherein the water

m sci bl e Sol vent i s butanone or acetone. 20. A process for the preparation
of a pure wargthof o aghéowsrolutian:tit.8d &onipbiceoith Rhdigrand (USP)t he steps of :

reactin ure warfarin aci ared accor dj to the pr,o s.of claim1l
"wWith a ?re!to al E&J@—t%ﬂ&@@‘—lﬁﬁ(gyE@ﬁgq%d’ﬂ@e_@ﬁ&ﬂ%’f"%‘ﬁﬂ&%‘ﬁ’%?ﬁgu_{)nreact ed
met als car bonqp&ﬁf?c&tiori {ﬁ?:HH&ﬁ%%PwﬁH%x%r?ﬁiﬁ QAR EPCROstanifagd ei n the
V a

nonaqueous s ns from about 0.5%to about 10% water. 22. The
process according to cl ai EXAMPUMES: ePraparakomofhWgufevnSodiwhyvent contains from
about 0.5%to about S% water by volune. 23. The process according to claim
20, wher ei n tAepear@ranipholisb@elbuensing pudeaw arfarinr awnd @bbmiole) abrd hexamb ¢300 BIp

wat er by volune. 24. The process according to claim 20, wherein the ratio
of nol arlniéaﬂﬁc’?féleém’% of netal carbonate to warfarin acid is fromabout 0.9
to about 2. i'eld.%é)@%“ ss according to claim?20, wherein ratio of nolar
equi val ent s tal” carbonate to warfarin acid is fromabout 1.0 to about
1. 3.1026. The @antesslontydid) agl tetated sibsta@s af ir exvenple dmpovesi ng t he step of
precipitati ng}g&__ahf pure warfarin salt or clathrate thereof. 27. The process
according to & -$n 26, wherein the pure warfarin salt is precipitated by

renoving the &Rah?v_ﬁg}tﬁleméam% PECRIMRAM. distillation. 28. The process
according to craim 20, wherein the pure warfarin salt is precipitated by

addi ng a nonpol ar EXAMRLE 4ePepamtion 06 Warfasindtasassiusonsi st i ng of hexane,

cycl ohexane apd heptane. 18 VO 02{ 070503 . PCT/ | 1S01/ 50438 29, The cess
according to I‘E’ixﬁ'ﬁﬁf’? R M@ frip H’@“é&lt &i élprpg%b 6!‘3&’923&5‘89’ Ghy aPeo él'-bg»/%

di styigl | Z(tlpgrgm@f%a}n&l%f DRI YrpaRAL(CPRRad 18@hAY wadstf&iPan0l2 ROdoR2 Ryt Omar bon
sel ecte romthe group consisting of hexane, heptane and cycl ohexane. 30.
The pr ocasitablag@tass faskgurtder & h#rage®@tmaspherei n the warfarin salt is warfarin
sodium the netal carbopate is di ym.car bonat e d.t.he nonagueous,sol vent
is selected W‘Fﬂ’t"ﬂi‘?rﬁf’ B"é"@ﬁﬁ%ﬁ#'ﬂf”ﬁﬁ S%“?‘I‘?Br?&fiig%gitfagﬁﬂaisicﬁéll,eg;%gf @nwe and
but anonese3dy; 4 Goups. 0Cess according to claim20, wherein the warfarin salt
is warfarin potassium the netal carbonate is potassium carbonate and the
nonaqueous soTheprecipitatzd solig avescarefully filtered by nitrogen pressure, washed with cold

20  2-propanol and dried in a vacuum oven (40-50°C, 10 mm Hg) for 6-8 hours to give pure
warfarin potassium as a white, hygroscopic, crystalline solid.
Yield: 24.3 g (70%)
Identification (by IR vs. warfarin acid standard): complies
Potassium test: positive
25 'H-NMR test: pattern practically identical to warfarin sodium-EPCRS.
Thermal analysis (by DSC): no solvent release endotherm observed (in contrast to
warfarin sodium 2-propanol clathrate).
Both 'H-NMR and DSC data strongly suggested that warfarin potassium does not

form clathrates with 2-propanol.
30 EXAMPLE 5: Preparation of Warfarin Lithium 2-Propanol Clathrate

A solution of lithium 2-propoxide in 2-propanol was prepared by reacting lithium

rods, (0.42 g, 0.06 at.-g) with excess 2-propanol (CP anhydrous, 10 ml). This solution was
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32. The process according to claim 20, wherein the warfarin salt clathrate
is warfarin sodi um 2-propanol clathrate, the netal carbonate is sodium

car bonat wyaob70408 nonagueous solvent is 2-propanol. 33. APQT/AS&ENM4I80r t he
preparation of pure warfarin Lithium 2-propanol clathrate conprising the
step of: reacting pure warfarin acid prepared accordjng to cl ai W th

| i t hi umaddgsk drspyissetd A samwmmmznmfcp)mﬁdwrfagm a@dr(éS%asfr Qfoﬁrlmgif%d" z-
prepared b - (Mol crude warfarin acid suspended in a
wat er i Rfﬁ;égélgkﬁgﬁlgﬁ@gg{anl?@%exg{g%}sﬂlleﬁg t he suspension with an al kaline
aqueous phasqhe(&paresdlutiat iwag stiavefl aati rooac itemparatard lier boeidouss philse sdida
warfarin salt, (d) separating the agqueous phase, (e) diluting the aqueous
- phase wiperialypesgimtatgdcy| al cohol, (f) acidifying the diluted aqueous/| ower

al kyL al cohol~ph ' i,d o u Siifan ;
war farin aci Jh@B@S?ﬁZdng&%”ﬁmg@?rggyﬁleggt})da%oﬁtg(? g’ierfn&Si, ﬁ@ﬁg’r g@n“@&gwl%

- pr epar aty&ipifate Wae careQiyr filseed uaddr inftfdgeg présurgwashes whiaseldddpmpendalidndt i ng
with the |ower alkyl alcohol. 19 WO 02/ 070503 PCTI US01/5Q0~38 36. The pure
war f ar i drigdiin aovacual aY@U(40nSCeilA mmeHgl deofd 2pheise 19 SivsetiedRpre gvagfarin

. di luti ith the |
al kT ol 2 Ppar RO R RS EMEE T 5. nerein the

preparation fyieldnes gqRORY4)ses cooling the suspension of pure warfarin acid.
38. The pure warfarin acid of claim34, wherein the preparation further

compPi ses fi Ildentificgtion (by IRavs-avarfariaacyl staslardyeomplies warfarin acid of claim
34, in afor a”i-%ggrpeaﬂlé&rp@&wa‘ly iEFRal BN £Lﬁﬁ]enl?i¥ witfarkt Sddium clathrate

Phar macopoei a: , rocess 1or preparing pure warfarin acid conprising: a
step forsappRHBOS hg integtab pLihsipotond retative ¢o Wi feapactivaaiethyl rgreupssuggested an

i mm sci ble solvent, a step for isolating warfarin salt thereof in an

al kal i neeqatm@@ﬁf@niﬂﬁ‘é%p)%ms‘ilétﬁr%%r separating the aqueous phase, a step for

achieving a % IALg(aner;“gJ @,@2 1xaueous phase with a |ower alkyl alcohol, a
step for pro J’spe sion of pure warfarin acid by acidifying the

di | used aquediisthmelenalgsik By BISE)htipigehasdothért similargwethose absatyedawith an st ep
for obtaining pure warfarin acid fromthe suspension. 41. The process

accor di r?glth"@gé WA fariseodigie 2ArAPane Cls"{pé‘ﬁe fSamp p@F?ﬁeﬁd‘rWel ‘%apf SYEEESURS ¢
fromthethéﬁigtgﬂgé%ka& b s€s a step for obtaining a cool ed suspension. 42.
The process accordin 0 Claim40, further conprising a step for filtering
t he aqueous phase BXANMPLERe Rieppatiar ofiWhifenm Sgdiamd2-Prapavel Clathradte aqueous
phase. 43. Pure warfarin acid prepared by the steps of (a) suspending crude
war farin aci daispitdt)é dRBevestd)previdédawith adistitiation vslemnamtidractiomsepratort was

di | ut e aqueous sodi um hydroxide as a warfarjn salt, é%) separat.i ﬁ%théﬁﬁ
aquédus chergedi with paes waifgsim 2¢id 70803 gpéRAUneIE)stesumn caybonats(Lly 20R e dftreous

sol uti on £, 8nd 2RSHaRbMi&nRical 5208, 366¢/H120C to about 60C,

The mixture was heated to reflux for two hours and then cooled to room temperature.

Demineralized water (500 ml) was added and the reaction mixture stirred for /2 hour
at room temperature, cooled to below 10°C and rapidly filtered by suction.

25 The clear, uncolored solution was returned to the vessel, hexane (1500 ml) was added
and the mixture heated to boiling with stirring.

A ternary azeotropic mixture began to distill and water was gradually removed from
the mixture. Hexane was then removed by a binary azeotropic distillation and warfarin
sodium 2-propanol clathrate precipitated.

30 The solution was filtered with suction, the solids washed with cold 2-propanol, and
dried for about 8 hours (vacuum oven, 45-50°C, 10 mm Hg) to yield the pure product as a
white crystalline solid.

Yield: 1030 g (88%)
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(e) diluting the aqueous phase with 2-propanol to a concentration of from
about 40%to about 50% 2- propanol while nmaintaining the tenperature at from
about 20Wg ex/ebsmat 60C, and (fJ acidi fying the 2-propanol Paryiisousd43sol uti on
with sulfuric acid to a constant pH at a tenperature of from about 20C to
about 60C to give a suspension of pure warfarin acid. 44. The pure warfarin
acid of clai of 1%yseluéipR: 8B preparation further conprises the steps of:
(g) cooling tygies .il&gtl&g@l%enper ature of less than about 10C, and (h)
filtering pure warfari'n acid. 45. A nethod for making a pharnmaceuti cal
war f ari n pr edBAatontent Gynd€):Si. o pr eparing pure warfarin acid from crude

warfarin acid by a oc.ess .conpri si the steps of (a) providing crude
“warfarin aci MM“Fﬁongﬁf@Ppﬁ%ﬁ sci bl e sol vent, (b) combining the
wat e i mm sci@(h@r(% I[y-@pk(m;oman al kal i ne aqueous phase, (c) extracting the
crude warfarin acid into the al kaline aqueous phase as a warfarin salt, (d)
separ at i ng t Relatgd suhstanpesidd G)rwohdetestedat er i ni sci bl e sol vent, (e)
diluting the ueous . phas ith.a l.ower alkyl alcohql, and (f) acidifying
the diluted a é’cfﬁilf"ltg%Pﬁ%‘iMm}Fﬂbqu’c?%?coﬁﬁlgg’éeqwr?rﬂmg% aqueous acid to give
a suspensi on of puExAMPL&7: rPragdrahiorcOWarfhiimgodiim PRicpanslrClatrsteaci d to a
phar maceutical ly acceptable warfarin derivative, and preparing a

phar maceut i cak sWRiHiGElals AQSAGR0TIAEWHAMNILIIMEN Toluth\wad SidcBsstRily Viedrbace:
46. The nethod of claim 45, wherein the pharmaceutically acceptable
war f1dr i rwitte 2-prapanoé (teshiiedlegradel 7.7 doh phee wradfapn aoids i($ 58 nke, of madek apdivnsal t s

and clathrates., .47. T net hod, of cl ai.m 46 {0 the warfarin salts and
cl at hr atcéﬁbot‘}ﬁ??ﬂpéée@ ’gt?z F@k&“‘&ﬁ@“kﬁ&f%?‘?ﬁ@ﬁ’f@%ﬁm athrate selected from
the group conpheShixtsre Afas\PeflixRifor tHlmed With s@ngar i n sodi um warfarin

sodi um 2-propanol clathrate, warfarin lithium and warfarin |ithium

2- propanol c|Ehehheating was then/goppedondsbe hprmixiee rapalpgltard. e ¢earmmmof
| ai m 45 in.th f i lected fr.om.th i SLi f
abl ot o TAGonRe e FERR estdli e i PaTeY MR T Ge Rt Be SOREL SEND0

22 15 removed by a binary azeotropic distillation, with a high reflux ratio. The solvent removed by

. A3. AFU&, . AY&. AF9. AYA?. A&, . A&, . AY&, . AY. &?. AYA9, . A& AF&, . AF& A&?. A, . A . A&&. A
h&, . A. 9.dgllintiog wasgempeed Ry pdjhng\jfresh 2-propanol and the suspension stirred at reflux for
8=Y~yt 0j bg%rkgﬁ}&%a] ca] ca] ca] ca] ca] ca] caU] calU] ca] ca] ca] ca] cal] ca] caU] caU
] cay calj]%ca caU cal cal] cal] ca] cal] ca] calca¥Y m

% \ f j HOnF! } x sHeding\Waldppke ahe teanixaat geddual g edotedfodel@all 04f.c Tkt sal]ldcwhca] ca
] ca] ca] ca] ca] ca] caV] ca] caV] caV] ca] ca] ca] ca] ca] ca! x}V]j+NM a%)’\x4

| wr ngb] )@l@qrc@]%aﬁ]l@@wtba]otﬁhw‘éﬁ]r@a]l@é]ie@\}'tta]Vé@]L@aPt%qh@é}eré &ndig)dar 6a) ca)
14 <EALDU]LL R #n g
ool RIS B BhART Slfiith 2rtpansy Rafhicke s oty Eré o popter 1

ca] ca] ca] ca] cgla&ai,gq%ggj%g] calcalca]calcalcalUca]calcalca!T,Y,\,u,,&--6..
. K/1171112222341 445n555>666667| wr nhb] X] c] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] cell®a] ¥ejoteiowaPda] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! 7M777488

879996: ::B; P; ;.. . . .
;¥ <<<=u==>[ >>%%ﬂfgﬁ}ugfg] %ﬂ%gfca] ca] ca] ca]ca]ca] ca]calca]ca]calcalc
a] ca] ca] ca] caemt (B U¥).cadpdal@a] ca] ca] ca] ca] ca] ca] ca] ca] ca! @EGFAAAA7TBBB2CCC
=DDDEE" FwFF8GGEHHI %l JJE6KKKKK] wr mhc] X] c] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] cadxa] ca] calagrdby K)ot eore e 4] ca] ca] ca] ca] ca] ca] ca] cal] ca! KLL' MVVAN
O OOPSPP\ L g}q\);\/ Vx VWL hcn

ca] ca] ca] %?C%'Egg ca 'cga)i ‘(/:t)ai(ca] c\a{\;{éZ]ncg] cﬂa]C]cL]Cgll]Cgll]cgg gg} gg} gg} gg} gg]!
LWANKXXXYpYY' RaBiEH[shibstances [ TL.OR hot detectath\ a_ai axaaa} xsmhe”Y] ¢]] ca] ca] ca] cal
cal cal cal cal aGBEBHE BRG] WAk DRRBBTIFD FUBHRRIZ 1111 | w el X ¢] cadl cal ¢
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Color (by UV): less than 0.1 AU
Water (by KF): 0.1%
Related substances (TLC): not detected
Analysis: Complied with the pharmacopeial requirements.
15
The embodiments illustrated and discussed in this specification are intended only to
teach those skilled in the art the best way known to the inventors to make and use the
invention. Nothing in this specification should be considered as limiting the scope of the
present invention. All examples presented are representative and non-limiting. The above-
20  described embodiments of the invention may be modified or varied, and elements added or
omitted, without departing from the invention, as appreciated by those skilled in the art in
light of the above teachings. It is therefore to be understood that, within the scope of the
claims and their equivalents, the invention may be practiced otherwise than as specifically
described.
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10bMNNO gHaRg&fiér separating the aqueous phase from the water immiscible solvent.

3. The process according to claim 1, wherein the diluted aqueous phase 1s

acidified at a temperature above room temperature.

4. The process according to claim 1, further comprising cooling the suspension

of pure warfarin acid.

5. The process according to claim 1, further comprising filtering pure warfarin
acid.

6. The process according to claim 1, wherein the water immiscible solvent is
toluene.

7. The process according to claim 1, wherein the alkaline aqueous phase is dilute

sodium hydroxide.

8. The process according to claim 1, wherein the aqueous phase is heated to a

temperature of from about 20°C to about 60°C before diluting with the lower alkyl alcohol.
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13.  The process according to claim 1, wherein the aqueous acid is selected from

the group consisting of hydrochloric acid, sulfuric acid and phosphoric acid.
14.  The process according to claim 1, wherein the aqueous acid is sulfuric acid.

15.  The process according to claim 4, wherein the suspension of pure warfarin

acid is cooled below room temperature.

16.  The process according to claim 4, wherein the suspension of pure warfarin

acid is cooled to a temperature of between about 5°C and about 10°C.

17.  The process according to claim 1, wherein the crude warfarin acid is prepared
by a process comprising the step of:

adding an acid catalyst to a solution of cyclocoumarol in a water miscible solvent
containing up to about 50% water at a temperature from about room temperature to about the

boiling point of the solvent.

18.  The process according to claim 17, wherein the acidic catalyst is

4-toluenesulfonic acid.
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claim 1 with a metal carbonate in a nonaqueous solvent, and

removing unreacted metal carbonate.

21.  The process according to claim 20, wherein the nonaqueous solvent contains

from about 0.5% to about 10% water.

22.  The process according to claim 20, wherein the nonaqueous solvent contains

from about 0.5% to about 5% water by volume.

23.  The process according to claim 20, wherein the nonaqueous solvent contains

from about 1% to about 3% water by volume.

24, The process according to claim 20, wherein the ratio of molar equivalents of

metal carbonate to warfarin acid is from about 0.9 to about 2.

25.  The process according to claim 20, wherein ratio of molar equivalents of

metal carbonate to warfarin acid is from about 1.0 to about 1.3.

26.  The process according to claim 20, further comprising the step of

precipitating the pure warfarin salt or clathrate thereof.

27.  The process according to claim 26, wherein the pure warfarin salt is

precipitated by removing the solvents using azeotropic distillation.
28.  The process according to claim 20, wherein the pure warfarin salt is

precipitated by adding a nonpolar solvent selected from the group consisting of hexane,

cyclohexane and heptane.
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sodium, the metal carbonate is sodium carbonate and the nonaqueous solvent is selected

from the group consisting of ethanol, acetonitrile, acetone and butanone.

31.  The process according to claim 20, wherein the warfarin salt is warfarin
potassium, the metal carbonate is potassium carbonate and the nonaqueous solvent is 2-

propanol.

32.  The process according to claim 20, wherein the warfarin salt clathrate is
warfarin sodium 2-propanol clathrate, the metal carbonate is sodium carbonate and the

nonaqueous solvent is 2-propanol.

33. A process for the preparation of pure warfarin lithium 2-propanol clathrate
comprising the step of’ reacting pure warfarin acid prepared according to claim 1 with

lithium 2-propoxide in anhydrous 2-propanol.

34.  Pure warfarin acid prepared by the steps of:

(a) providing crude warfarin acid suspended in a water immiscible solvent,
(b) combining the suspension with an alkaline aqueous phase,

(c) extracting warfarin acid into the aqueous phase as a warfarin salt,

(d) separating the aqueous phase,

(e) diluting the aqueous phase with a lower alkyl alcohol,

® acidifying the diluted aqueous/lower alkyl alcohol phase using an aqueous

acid to give a suspension of pure warfarin acid.

35.  The pure warfarin acid of claim 34, wherein the preparation further

comprises: filtering the aqueous phase before diluting with the lower alkyl alcohol.
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39.  The pure warfarin acid of claim 34, in a form having greater purity than

required by the U.S. Pharmacopoeia.

40. A process for preparing pure warfarin acid comprising:

a step for preparing a suspension of crude warfarin acid in a water immiscible
solvent,

a step for isolating warfarin salt thereof in an alkaline aqueous phase,

a step for separating the aqueous phase,

a step for achieving a dilution of the aqueous phase with a lower alkyl alcohol,

a step for producing a suspension of pure warfarin acid by acidifying the diluted
aqueous/lower alkyl alcohol phase with an aqueous acid, and,

astep for obtaining pure warfarin acid from the suspension.

41.  The process according to claim 40, wherein the step for obtaining pure

warfarin acid from the suspension comprises a step for obtaining a cooled suspension.

42.  The process according to claim 40, further comprising a step for filtering the

aqueous phase before the step for achieving a dilution of the aqueous phase.

43.  Pure warfarin acid prepared by the steps of:

(a) suspending crude warfarin acid in toluene,

(b) extracting the crude warfarin acid into dilute aqueous sodium hydroxide as a
warfarin salt,

(c) separating the aqueous solution,
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at a temperature of from about 20°C to about 60°C to give a suspension of pure warfarin

acid.

44.  The pure warfarin acid of claim 43, wherein the preparation further comprises
the steps of:
(g) cooling the suspension to a temperature of less than about 10°C, and

(h) filtering pure warfarin acid.

45. A method for making a pharmaceutical warfarin preparation comprising
preparing pure warfarin acid from crude warfarin acid by a process comprising the steps of
(a) providing crude warfarin acid suspended in a water immiscible solvent,

(b) combining the water immiscible solvent with an alkaline aqueous phase,

(c) extracting the crude warfarin acid into the alkaline aqueous phase as a warfarin salt,
(d) separating the aqueous phase from the water immiscible solvent,

(e) diluting the aqueous phase with a lower alkyl alcohol, and

® acidifying the diluted aqueous/lower alkyl alcohol phase with an aqueous acid to give
a suspension of pure warfarin acid,

converting the pure warfarin acid to a pharmaceutically acceptable warfarin derivative, and

preparing a pharmaceutical warfarin dosage form comprising said warfarin derivative.

46.  The method of claim 45, wherein the pharmaceutically acceptable warfarin

derivative is selected from the group consisting of warfarin salts and clathrates.

47, The method of claim 46, wherein the warfarin salts and clathrates comprises
at least one warfarin salt or clathrate selected from the group consisting of warfarin
potassium, warfarin sodium, warfarin sodium 2-propanol clathrate, warfarin lithium, and

warfarin lithium 2-propanol clathrate.
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