WO 02/ 070505 PCT/ US01/50512 PREPARATI ON OF WARFARI N SODI UM FROM WARFARI N
ACID BACKGROUND OF THE INVENTION 5 Field of the Invention This invention
rel ates twotohe7@neparati on of warfarin sodium Specifi cal lpgr/usegsisnyenti on
relates to the direct preparation of pure warfarin sodiumfromwarfarin
acid at low tenperature w thout deconposition using a polar organic

sol vent and an i norgani @WA%@EMMMS@%WSOdi um known by the
chem cal nanme 4-hydroxy- 3- ( 3- BROM WERFARINVACIDH  1- benzopyr an- 2- one
sodiumsalt, is a well established, w dely used oral anticoagul ant and

rodenticide. (See, for exanple, U S Patent No. 4,113 744 issued Sept. 12,
1978.) Varfarin sodi um anBAGKGROVYRME THE INYENEIQNe rvar ket ed under

vari ous comreggi i ke Coumadi n; Marevan; Prothronadin; Tintorane;
V\arfaérJi n sodi Eﬁg%@?{fﬁgﬁﬁ?%r an. 15 According to U S. Patent No.

3,192, 232 to ‘Bhiliimedesn fidesltd ke, prewurdtivni of waekiin sodipne Specficdly, i ibichtich

nmet hods often has_as undesirable slight yellow color. (See also, U S

Patent Tadatesgodrerdingt prepapiien of Ruge Wrtany &diysy figpt WaGarimacid ot lowiempgaiihes a

PrOCess Bv?tflo rd%@@rﬁ.cpsgtion iI{ {)&als Ekﬁi@s&o t‘ﬁ’ﬁﬁtdﬁ‘f e %i um sal ts by
h g 78

reacting a sturry or warfar acl n acetone- wa less than an
equi val ent of Bagiirdith@ydr oxi de or potassi um hydroxide in water at room 20
tenperature. The solution of the crude salt is purified by stirring with

acti W& char co¥arfard sodisw) kngwigbyothe ehanigal neme -y egxar3aSr o- H-aheny 2Hspr ay
drying, or drumdrying. lJ S __Paten 246, I i

difficul 1"622‘)@?{%&8{%?%?%%‘1’]% tsﬁlﬁt Lsea R’vﬁrwgeﬁgr%g |e§h%$el§ u%?dgﬁﬁ%&ﬁﬁ%@aﬁ%a}rl gl}(} n
sodi um mnejﬁtimé.gsée, dbS&lanmis U.sapattnhq\w.aqpma’mmfssdeheseﬁt 1R{ OPZEBIP W s @Arite nt
fromwarfarin sodi um 2-propanol clathrate cannot be achieved even with 25
heati ng sadiurocmdoiie2-1pep®iofl slatizat prsumarkitedvendgu rarious] coprmcgpial an®s sg ent
No. 3,07Z,481.. further discloses that heatipg the clathrate, hi gher

t enper at éP%@a‘élfﬂ ‘:f"]aﬂ’ I%P&I%?a(ﬁgdtlggo mep%aggaglP e f o S%r]%r 1gonngeégd;atraimr're peri ods
(24 pours) readbdraingtoUDGEE PiaR o, B eTPIStd SetoeddrSdhd LinRAtiarfriatsogiuid |

hi gher tenperatures (230C), while successfully renoving 2-propanol fromthe
cl at hr at prepared by exgsting methods ofien bagrssindésoable slight yellow color. (See also, U.S. Patent

No. 3,077,481). Specifically, U.S. Patent No. 3,192,232 describes a process for preparing

warfarin sodium and warfarin potassium salts by reacting a slurry or warfarin acid in acetone-
water with less than an equivalent of sodium hydroxide or potassium hydroxide in water at room
20  temperature. The solution of the crude salt is purified by stirring with active charcoal and
isolating of the salt by evaporation to dryness, spray drying, or drum drying.
U.S. Patent No. 3,246,013 also emphasizes the difficulties encountered with the
preparation of a high purity warfarin sodium. This patent discloses that the removal of the 2-
propanol solvent from warfarin sodium 2-propanol clathrate cannot be achieved even with
25  heating at 100°C over P,Os for 3-5 hours in vacuum (0.1 mm Hg). U.S. Patent No. 3,077,481
further discloses that heating the clathrate at higher temperatures (145°C) in air at reduced
pressure for prolonged time periods (24 hours) results in undesirable decomposition. Also,
heating at still higher temperatures (230°C), while successfully removing 2-propanol from the
clathrate, results in rapid decomposition.
30 U.S. Patent No. 2,765,321 to Schroeder et al. describes a process of preparing crystalline
warfarin sodium by reacting an aqueous sodium hydroxide solution with an excess of warfarin
acid, followed by removal of the excess acid by addition of ethanol and filtration. Pure warfarin

sodium is obtained only after a salting out procedure using lithium chloride addition into the
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30 U.S. Patent No. 2,765,321 to Schroeder et al. describes a process of
preparing crystalline warfarin sodiumby reacting an aqueous sodi um

hydr oxi deweakutisoh with an excess of warfarin acid, foll eeedsoyseserroval of
the excess acid by addition of ethanol and filtration. Pure warfarin

sodiumis obtained only after a salting out procedure using lithium
chl or i decthangi-wiatsm sphition tofghe warfgyin gedigrosnlis crdineusehyesoBng the Regsinitaiast er
sol ution_of. the war }?rgﬁn sodium salt, cooling and recovering the

or eci pi t HE&T™ SRERPY U um by filtration. U S. Patent No. 2,777,859 to

Link et al. dgscPaResNa. P7?PT.85% tdLinRle AR Idest@ibeda PELLEISE prepdritigl ag@bous
warfarin alkali netal derivatives by adding an aqueous al kali neta

hydr oxi d@lutionad wasfagn elkgh mstal\dgriestivigeby eddingan sugevsiikalamatahlydaordde wremvi ng

t he cess of etx/vartf arip acti dnbr?)é. filtrnat%[ﬁ. Ohni shi. et al of haxe.desgrbi bed a
met had fBFoBrUp&Pich harF AT oih RAT IRt T E B XGPS Vg AR &0 n
acid i n fRafsieous sol ution containing an equival ent anount of the
respective alkali netal hydroxide (lithium sodium potassium rubidium and

cesi um) . Bi os@hnishietRil.have Kes@ibed memethod 9or pRoEE)g wadsrn otkeli(métal @its 133:
105246 (1996).) The.respective salts are. isolated by |yophi]Jization. .In a
recent FUTEIRE NGRS It (Bubieae Bi5te, S0 AnTeR caffRFRLAABNEPT e
descri beregpecG ARSI BR8] Y9diBk RIe §BhidrR sodfind, dotaBsidmKk Albidigal 3nd cééi@ﬁ?.%&fi!d
potassium) and clathrate preparation starting from 2-hydroxyacet ophenone
and 1 caBlbenatBoderel 95THE(GyWSebdPodeiraA 123t h246%1 W) Hl Irengspesti Yesaith are
react ed .vm'lth E’egzal cet.one in the presence of a phase transfer catalyst to
give warpated By orilizehan. 4t ter internediate is further reacted with sodi um

or potassi umydeoed: dsielt, w8/ 285 PaRBLShedInIPIET 99 AW aY NG af (LB QN
pot assi um net'hoxi de or efhoxide in anhydrous  ethandl or  2-propanol to

ul ti mat edoynpyélehsive precaie Sirveafapn ethal saltsi($odivn aeblitdsyiuay pad enthrathprepdrateme | s
a great deal g i tgrdgst inthis field, agd a nunber. of 0 sgnt heti c
routes ¥R %?g’p YA RARCIGPIRQRT 2P (7 CUBPRA EXFst T ye

Ry ity
22821?‘; Frﬁft?iﬁé?fis fldifer Ra6Ra Ak b@ﬁlea@JTceeeﬁé frethé gre§é?1gé Hf‘% @@%@t&%@& cQ@gegggLeby

ficulties, notabI;/: he good sol ubi | f warfari umin
nost conwafarpodcat. Hel lettartistemuddese isifetheatréaoted ovifhf sodimint or pihassiuinshyfdueti deor
hanper edthle3 )(/:ar ggaté,%?pQLf%Ea%l; I?Sr{l\‘l/ge gosci.h?nq o?fpo}g%srifn?lrrin&hoxide or ethoxide in anhydrous
ethanol or 2-propanol to ultimately yield the desired product.
It is readily apparent that there is a great deal of interest in this field, and a number of
20  synthetic routes for the preparation of warfarin sodium exist. However, existing procedures for
the preparation of warfarin sodium have been hampered by several difficulties, notably:
» The good solubility of warfarin sodium in most common polar solvents makes
isolation difficult. This is further hampered by the immediate conversion of warfarin
sodium to warfarin sodium 2-propanol clathrate when 2-propanol is used as a
25 solvent; ‘
= Warfarin sodium tends to decompose in tHe presence of water and excess alkalinity,
particularly as the temperature is increased; and -
= The production of dry free-flowing crystals is difficult.

Thus, the need remains for an economical, industrially feasible procedure to produce a high

30  quality, pharmacopeial grade of warfarin sodium.



sodiumto warfarin sodi um 2-propanol clathrate when 2-propanol is used as a
25 solvent; ™~ Warfarin sodiumtends to deconpose in the presence of water
and exceswoabkaisinity, particularly as the tenperature i ®crnusoessed; and
The production of dry free-flowng crystals is difficult. Thus, the need
remai ns for an econom cal, industrially feasible procedure to produce a
high 30 quality, phar macofUMMARYQF FHEAENYVENTIONdi um -2 WD 02/ 070505

PCT/ US01/ 505 SUWVARY .OF THE. | NVI | n sunmar the invention is..a
et hod or - prBaUETHE R PP RTSUTTN PORUATF AP AH R fodturh RO i Plipetia

ef fi ci enfy.a ARet, effibigh M dndlihdsirms i fodsib AR, ThE trefRIANAGIVEMehNURS WSk NY
warfarin acid with a volatalizable inorganic base, preferably sodium

car bonat ®ibwitk adplaalizatdamorgeaicehass, prferably sedinmi carhegats b sediwm ibadaipnatehipdr ous
pol ar_ or i.c solvent such .as ethanol at.|ow tenmperature.  Further

bur 1 131 oot Tan 2 RE YGRS ARl 281 sredtis el eat - REor IS pURSEFIPERILS Thi s
i nvent i ORySRdr RS fidatRInCRd§8B14tbn! ib 81sP tbRfuchiitat MdAERted8pEARFEY | ON acconpani es
evaporation of the solvent during the preparation of warfarin sodium In

the present iThiemvention sgkvks Aqrokieinon the pawoiadedherd @eTierniative rc¢onpapiesyi des
advant ages not preyi ously .appreci ated b rovi ding.a nethod for . producing
pur e warfaprRIebe i solkat dpihe e rreeatation aF WAt e BHOS Pl taiel at
ambi ent o) @iRRKBH W Koided! thermore, azeotropic distillation is elimnated
entirely. The invention offers an unforeseen advantage by conducting the
final0 dryi ng The inconive ptavalea hdegtagesmn preyusly apprecigiad by povidingw method dore

steam as a_heati ng source. .The 15 i gvent i.onﬁiﬁg gﬁ%ﬁti cul ar geous
fi o0 ¢

. I t
T that WAMHHS AUt sadE Mg Bt et Ch s alpe e Phol B0
whi ch ha%lggﬁﬂué Ofiighrflo ,H?e%lt)fg?ifc%Ys@iﬁl%ﬁ&@is%%ﬁﬁﬁ@&ﬁéﬁdr@l@: This invention is

inacro and mature art, achieves the objectivée of a sinple rapid

producti on of Theairfvaniion s6f@drsuan iunfaascef fadearsage, by nduduating| thy firedsirping imanner

wi t hout cunbersone purificat Lon steps, 20 The inventi ori1 differs erI[B t he
prior arfOnVARLEA| PREBIMPNS N IR WAIY &F MOt PEFSSWieGYif as 2 heating source. The

15  invention is particularly advantageous in that warfarin sodium is not exposed to temperatures
in excess of 100° C which has been found to cause unfavorable decomposition.

This invention is in a crowded and mature art, but achieves the objective of a simple
rapid production of warfarin sodium in an efficient, industrially feasible manner without
cumbersome purification steps.

20 The invention differs from the prior art in modifications which were not previously
known or suggested by using absolute ethanol as solvent and conducting the reaction and
purification steps at low temperatures.

Further objectives and advantages will become apparent from a consideration of the
description and examples.

25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In describing preferred embodiments of the present invention, specific terminology is
employed for the sake of clarity. However, the invention is not intended to be limited to the
specific terminology so selected. All references cited herein are incorporated by reference as if

30  each had been individually incorporated by reference.

The present invention arises out of a need for a synthesis of warfarin sodium at low

temperature. It was found that decomposition of the warfarin sodium occurs when produced by
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known or suggested by using absol ute ethanol as solvent and conducting the
reaction and purification steps at |ow tenperatures. Further objectives
and advanveges7os03 | becone apparent from a considerati on @CTiUse1/50512
description and exanpl es. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS | n descri bing preferred enbodi nents of the present invention,
speci fi cmethogds reabisipg eleyated fgmnpsyettres.oFurthpamerek i the presenice of strang\hasesrsuch pre
invention js not intended,.to he limted, to t specific termmnolo SO
sl sct eqrodi Bolrps AR S5l aflGrideShormitnk Ser peliey oF WPk ST,
30 each hRdvhfen soflh/prddadtldécdmsaied espreRdy ByeleRit@d RAPerankBE Present

I nvention arises out of a need for a synthesis of warfarin sodiumat | ow

t enper at ur e. Duringdevebepment hithe pessentpogintiparihefollohensganeral parameterunosacur s
when produced by . -3 02/ 070505 PCT/ USQ1/ 50512 .nmethods requirin

ol ovat ed Ehagr i Aeaerbop R Pap Aed AR D PR RAE Vst Sor B bBOREo e s
sodi um hygeQipatlad aABYpaREHcdM al koxi des nornal |y used for the preparation of

warfarin sodium the warfarin sodi um product deconposes, especially at
el evat ed t enp&at ubwbilitDof iwagfadevssidopmand vofrfarineagyd e differentvsottantnand hte

fol | ow ng. .gener al raneters known. 5 .in the art and described in the U S.
and Bri t8@%‘35(@@%}?2%}%5%%%“@6%@%&1&6?; moni tored, investigated and
optim zed: (a)y)St alidsitlvity @t tieaedcabn b pTPEIHHR Akl WaohREdIPerAE kdhpehatsted Ay ent

solvents and at different tenperatures as neasured by inpurity test; (b)
Sensl@ i vbasys af medwareddygit tast;t o pH control using various sol vents,

et e B9 A0, B8E SR, SRR Rl edle i
presence,QfeRX6eexke e UShBthe fienpaR@ddeGedtet one test; (d) Reaction tines
required when using solventS of differing polarities and using varying
rati os of bas@l) 15Ré&tiofrtinsdsakduirdtwlan wingwelfeats of dfdingrpdlannesmandading
solvent s o fal ofbake;
15 (e) Crystallization of warfarin sodium from mixed solvents or by solvent
evaporation; and
® Water content of the warfarin sodium product.
As a result of these considerations, the inventors focused on developing a process of
reacting warfarin acid with (a) weaker bases in (b) substantially anhydrous polar organic solvents
20  to (c) directly produce pure warfarin sodium. It was found that the use of a volatilizable base
is particularly preferred. A “volatilizable base” refers to a base having a conjugate acid which
is either gaseous or which decomposes to water and/or a gas upon neutralization. Examples of
volatilizable bases include carbonates and bicarbonates which, upon neutralization, yield
carbonic acid that subsequently decomposes into gaseous carbon dioxide and water. It should
25  berecognized that, when specific reference to sodium carbonate or sodium bicarbonate is made
herein, other volatilizable bases may be similarly used.

It was recognized through this work that the decomposition of warfarin sodium during
reaction could be avoided by using sodium carbonate or sodium bicarbonate as the volatilizable
base and absolute ethanol as solvent. This combination surprisingly allows for the reaction to

30  occur at low temperatures preferably of <50°C, and more preferably at temperatures ranging

from about 25°C to about 35° C. The pH is controlled during work-up by adding small amounts

of acids, including warfarin acid. In addition, it was found that, after initial solvent removal and
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evaporation; and (f) Water content of the warfarin sodium product. As a
result of these considerations, the inventors focused on devel oping a
process oWNOoeezsti ng warfarin acid with (a) weaker bases POT(US)1/50512
substantial |y anhydrous polar organic solvents 20 to (c) directly produce
pure warfarin sodium It was found that the use of a volatilizable base is
par ti cul diving ipp spampmeyen,she prsliminariyzsisted wasern sodfust gowderas ma%:@blyagrpwgl a

conj ugat ¢ aci d Whl C [ r es nd/ or
Con 992t A U b (L BE RS G5 AP ABHETBER B gl

car bonat gsy tamgeﬂatue@r WlthMWmomlmgu fréd flaaih @Bwdt tﬁ!ed)f eﬁlaﬁdmﬂthc
acid that subsequently deconposes into gaseous carbon dioxide and water. It

shoul d 28xcelent gicddmi zed that when specific reference to sodi um car bonat e
or sadi um bi car bonat her ein er vlatl ases

o T s TP SepsnlBE% e e SRR hlcbfibe fo RR3ERMBY RS o1
of war f afehtingOfdrEiintidid With a KeRE&Niz&Ye 6RW] fleRfibiVRoH88diain dishdhdtc@d isBdium
carbonate or sodi um bi carbonate as the vol atilizable base and absol ute

et hanol bisarbenajes i 2 palat ergawebelventi meferbhmbselniegthangl, rameyvinginselble seltsdi on

t emper ar auSh. 458 Aol SURE [t BTs PHEC.5F Bomadln 28 aoqld. (R Bl ariBi, ™
during V‘Rfdﬁm‘r'ﬁla?%e @s@(ﬁ'té@l aﬁa?ﬁf&gm@t@@émélﬁ evaforaaﬁ)hté&mmlagﬂey%&&ay\@rtﬁlﬁrotw V\;D d.

In addition, it was foun after initial solvent renoval and -
02/ ORDSOBIrIP@tthOgy,S\@meraim;ﬁs &ﬂgs |thana1boatclﬁﬁx eveprefarpldy ;btrse Ithami abent §§C.

| at ed fa di b V\.d t
Final ardlagee SaehERLRRLE nsaBia) Bracmbyre: Bt andefr SoUE oyfned *°
rel ati Veﬂh}é reéu‘R fg£ I éﬁréﬁ %o tr@ﬁsairﬂra'ﬂaltﬁbnhle&ﬁaﬁolﬂ @(flapz)Qat&i iYh @%ﬁlﬁggve% dtraee

fl owi ng powder ethanol wth excellent yield The "basi c steps

i nvol vedtempepatwpaf leagtbmabmtllﬁo $H grafenably dess dhangaboot ’i(}‘i@ |VMh@ndr|ymg ianearly

reacting warfar] ol at al i zahl e, base, ef e on1sod|um
Car bonat eaitechndli € gl sEn RSOt S sl tanp b Eh Ao e STefcb

absofqut egef %ﬂﬂkd tof tﬁé‘Q\YénrlG cbﬁlﬁf& é&ﬁgx‘ﬁg %ﬁﬂej%@e%esflbésttﬁﬁi alli l(ﬁf"@ 8djak!BLdnng

the pHto a value of fromabout 7 ut 8.1. The pure warfarin sodium

may be icskveédsiby eyaptmgomth@dseh&t (ﬁluﬁen evapvmpon af sobvent Bomrib¢ syguEessulpriegelr abl y

hi 1 h I h
:)r Ie? e?; bilggjl%feitégxg écﬂ é&ggﬁg %)él may bé gcrcr:grenrp 1tsll1Jerdeosnly Esslr?g }no?ense%lgr%%eatzlgg%ndand

mechanical treatment, which may result in decomposition of the warfarin sodium.

As shown in the non-limiting example which follows, the following parameters are in
20  the preparation of pure warfarin sodium:

1. Sodium carbonate is preferably used in excess, preferably as a fine powder, in
order to obtain a complete reaction at low temperature in a short reaction time. A lower salt to
warfarin ratio results in less decomposition but a slower reaction. The preferred ratio of molar
equivalents of sodium carbonate to warfarin acid was found to be between about 1.1 to 1.5:1.

25 2. Sodium carbonate is soluble in water and exhibits poor solubility in absolute
ethanol. However, increasing the water content during the reaction causes a decrease in pH
control. Thus, contrary to principles of solubility, by using absolute ethanol, more direct pH
control is obtained. Although superior results are obtained in absolute ethanol, other polar
solvents may, in principle, be used. Anhydrous solvents are preferred, but use of substantially

30 anhydrous solvents, i.e. solvents containing less than about 10% water, is also contemplated by

the invention.



Al ternatively, the solvent may be evaporated at |ow tenperature until a
heavy syrup is obtained, the resulting syrup poured into trays and

addi ti onawoetkarses evaporated in a drying oven at a tenpecatusoesmsizl ess

t han about 100C, preferably |ess than about 70C. Wen drying is nearly
conplete, the solid is ground to a fine powder, preferably passing through
a 60 mesh scrden ahighpuntherarfasnpodisen tsootttisedvlan the prodpitds erasiniiatrg

tenperatures l.ess.than ahout, 100C. |t has been S ed . usi LSt n

et hodo. Pirgbraicy pF e SRy ERE ApPER Bt oo RiRsrERe enfPRELIEE i BEuTL T R

f or mat i ophorseHefedibly GAkdsGRarPibouhs0°gel nay be acconplished only using nore

severe heating and nechanical treatnent, which may result in deconposition
n

of the warfarfn solainfrinig thétrantiomtenperaten-at beriviepabak RpCandabewt F5810 ows,
the follown raneters..are.in _20 the preparatiaon of pur rfarin

Sodi uin STeROP AP ZrEbRAEE St APy Bredhah AT TRRAS in EpBeal Bedfte Heos 4
fine powHEsrodihd? qualitdi@he tPaceBlemikdld RecHAPHigdiLatBaHet tedipeRdtule®W t enperature in
a short reaction tine. Alower salt to warfarin ratio results in |ess

deconposi ti onSbut Ifeiawesuliserse ifound Witk igopropeneleth whicha déathrat¢ fprms, and

equi val ent § of di um bopate t farip _acj.d s found to be between
Shout 1. mepnghqt. A% bk ahAddsdined aPblend e Prditicn 85T oMt el BomRRASRS bi ¢ s
poor  sol yhikliehdtiohNEBRAGH d4h Bonc@htbaldAlof gHaWRMRH 00%/1S pR&RTHAY Subiea YAV & niNt ent
during the reaction causes a decrease in pH control. Thus, contrary to

pri ntl pl bssubktagtdllyisinhydrpus (sss timnrahoutl 64 whier)eartdan odferredop davk asectstghHizing

control i btained. Ath superior results e ohtained in.abso] ute
et hanol , SVABHS B8RS Ve BT R, 5 el feahetshell SLe R AirG qone
sol vent spafSedAfehhg Bt mlanJ bods Bet@bersWhet Ablebdbd hd3IR PRRHEI LRy cHE i EoiSy
i.e. solvents contarning Tess than about 10% water, is al so contenpl ated by
t he i nveotystaehizatign, WOisOcHs0F©8 b et iid 186tho 806 BreRaratidng hUsauef abgolnter tharioh is

sodiumis obtajned.when the product is precipitated evaporation of the
Solvent TBSCREIBES e Arqpgiatba dntidst rishieps EPei Sy UGS RLAL b 86t C

and 14701 & PlRIREAREY 1fbddifSS tﬁ@%%u@éﬂ%ﬁub’ﬁ@?gg g&d&uﬁ{géagc?cﬁh'h&i iR9biditecBRmbl ON

tenperature at between about 20 and abou lows for direct .

pr oduct i altovef foa syperier pHaeduoitél. An i ncrease in tenperature leads to a

decrease in product qualit ue to. accel erated deconpositjon_ at higher
t enper at ur es. 8 %o cgmplete t)r/le gry?ng of war arfn sodium at a temggrature {ess than abou? 78"

C in a vacuum, it is advantageous to grind the warfarin sodium through a 60 mesh screen before
completion of drying in order to accelerate the evaporation of imprisoned solvent in the crystals
20  and completely remove the ethanol.

The invention is best understood to a person skilled in the art upon consideration of the
following non-limiting example. It is to be understood that normal variations requiring routine
experimentation to optimize specific conditions in any particular setting are within the scope of
the invention.

25 EXAMPLE

Pure warfarin acid (1 kg), sodium carbonate (0.4 to 0.5 kg) and absolute ethanol (5-6
liter) were combined with stirring. The mixture of materials was stirred at a temperature of less
than 30° C for one hour, and then warmed to 30-35° C and stirred for up to one additional hour.

The insoluble salts were removed from the reaction mixture at room temperature by filtration.
30 The pH of the filtrate was measured and adjusted to a range of from about 7.8 to about
8.1. The solvent was then removed by evaporation of a temperature of less than 50° C and under

vacuum until a heavy syrup is reached. (About 80 to 90% of ethanol removal.) The heavy syrup
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5. Inferior results were found with isopropanol, in which a clathrate
forms, and nmethanol. It is critical that the solvent not lead to formation
of a cl atwpab@7osdeconposition or back-reaction. Ethanol acTaSoossentration
of greater than 90%is preferred. Such a solvent nust 10 be substantially
anhydrous (1 ess than about 10% water), and is referred to have as a

"st abi | | Wenthen aawrpd inse Faysoindrevapsirationtcontipyedrip A aguum even ush] thesohd wastiyey ed
t hat suc nts ol t ydr i 0

hrht%%l‘{&‘ 3 thelil een%v‘é-@?r?ﬁl th V&t m?lo @%@gﬁ%glﬁﬂg géxlt}z’ri]‘égr Y etPS 60' mesh

bet ween e war

crystal | etedn, fd reﬁ&nécﬁb&h&ﬁtb\tﬁdtraﬁ vemus bvlefwa@ﬁh@d&: ®fenps epaptd the drjilse of
absolute ethanol is nost preferred in the preparation in order to achieve
react i onPioReH. short period of tine and at a 15 Iom1tenperature In

addi tjion, theyeduced sal un1c ahsol.ut e ol
Lo Tor - ouBuBRIREuEdidR| oY k8o SAHRERURARRYS, v SRRl SRoiEn 0
sodi um apbt@inke pRREAThY naeltis,ﬁ%a&ﬁh@ap@mwt fiolde dldtit pRCUWNwdtdr ang assa
advantageous to grind the warfarin sodi umthrough a 60 nesh screen efore

conpl etion of The 9mhgdlmnt§r1él9$tratt¢sl ascdiseussadeint this spoeipestion an lmfsndq&mnl:smwed

solvent |n 20 d. co ete remve. the tha 0
i nvent i ohe B%SSthlfﬁq ?nsetatgt e Pes‘t Wang? oytkf fHvEROrs o e AT 5}6‘?1’nvenh°n

consi der detlQiﬂ &f thishBecificakibR Wdue Broddnbiteied hOBMBNE MR Ropd éf th&pre@nbRvention.
under st ood that normal variations requiring routine experinentation to

opt i M zeAdlpaeinples prosentict aromrqsmt@tw‘ apémpn«bmlamg sktetabaye- é¢Séﬂbﬁdt€|ﬁmb@dtlh@t$scope
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sti rringfohhe HvehidE aQIlppff@&@cEdl B ﬁqo‘é@&lﬁéd f'tBdain Ratit QMRRI AbW t%a&flnése 36
than 30 C for one hour, then warned to 30-35 C and stirred for up to

one addi tsi thexaforbidube unfretretoodn:ﬂmt wltkingheé B@pmfém elauednd themn ¢equevalenss ttheon

m xture at roon1te erature by filtration. The pH.of the filtrate was
Teasur e TR PEarap el Sty sk s Ry e about 8. 1 - The

sol vent was then renoved by evaporation of a tenperature of less than 50 C
and under vacuumuntil a heavy syrup is reached. (About 80 to 90% of

et hanol renoval.) The heavy syrup -6 WD 02/070505 PCT/ US01/50512 was then

poured into trays and evaporation continued in a vacuum oven until the
solid was dry.



The solid was then renoved fromthe vacuum oven, ground to a fine powder
through a 60 nmesh screen, and returned back into the trays which were

pl aced i rwohe/nosen to conplete the drying process. 5 Thi Cprusossisie
yielded 1.02 kg of warfarin sodium (95% . The warfarin sodi umthus
obt ai ned passes the British Pharmacopeial test for color clarity, pH TLC
wat er an 45 CLAIMERAY0di ments il lustrated 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
speci fi cati on]shoulAtnbog Estpré@icast & fArinHotliuRgcdhgriseome stps bhe present
invention. 10 All exanples presented are representative and non-limting.
The above- desteartrgiwarfyodiadmith apfexedse of avelatilizablakage bea peldr orgaric selventy i ed,
and el ements added or @n%ttg@ i, t hout departing fromthe invention, as
appreci at ed b{FRNREsYHPles $ﬁM¢he art in light of the above teachings. It
i's therefore h@uithginEsHIb QQdiukBEFomboli N8 td18bsue 8N G0 %fodidf@a §d1aid¥Po e
their equivalents, the invention may be practiced otherw se than as

speci f i cwktfgrigeswinped. -7 WO 02/ 070505 PCT/ US01/ 50512 WHAT IS CLAIMED I S:

1. Anethod fo roduci ng. warfarin.sodi umc risi t.he ps_.of : .reacting
wararin aci dFEH B oEpdisge o R e B ity TRER TS g AT

sol vent , not' 5i3BYdeNS clafgHeUBhiRe SREHposatitth &dpréaidtd8adilRaitdnt Snder VB HRc@En f rom
about 7.8 to about 8.1 to provide a solution of pure warfarin sodium

wher ei n térglitoongani ¢ pol ar organi c sol vent contains | ess than about 10%
wat er and does not produce a clathrate, cause deconposition or pronote
back-reaction under the reaction conditions. 2. The nethod of claim1,
wherein the pglar ?ﬁ&ﬁ&ﬂﬁm%ﬁbﬁﬁﬂﬁ,h%eﬁhﬂﬁ@%bbroégn%h@h@ﬁiﬁ%ﬁwﬁBLC'a'”‘21
wherein the ethanol is absolute ethanol. 4. The nethod of claim1, wherein
the volatilizable base is selected fromthe group consisting of sodium

car bonat e and_sodi bi carbgonate.. 5. The nethod .of, claim 1, further
conpri si ng refovi ngg% H@ﬁ?gl‘{}@ﬁ’t‘m@yw %Hbtthﬁtgh’éﬂgl 18 absolhﬁe ethanol.

4. The method of claim 1, wherein the volatilizable base is selected from the group

consisting of sodium carbonate and sodium bicarbonate.

S. The method of claim 1, further comprising removing the solvent by evaporation

at a temperature of not more than about 70° C.
6. The method of claim 5, wherein the temperature is not more than about 50°C.

7. The method of claim 4, wherein the ratio of molar equivalents of volatilizable

base to warfarin acid is from about 1.1:1 to about 1.5:1.

8. The method of claim 1, wherein the reacting step is conducted at a temperature

of less than about 50° C.

9. The method of claim 1, wherein the reacting step is conducted at a temperature

of less than about 35° C.



at a tenperature of not nore than about 70 C. 6. The nmethod of claimb5,
wherein the tenperature is not nore than about 50C. 7. The nethod of claim
4, wher eiwotok®70sei i o of nol ar equi val ents of vol atilizabl eCTh®ssE5t502
warfarin acid is fromabout 1.1:1 to about 1.5:1. 8. The nmethod of claim 1,
wherein the reacting step is conducted at a tenperature of | ess than about
50 C. 9. The hBthodhemethed ed glaimyde mdicrein powt S92 thabatA9% of tasnsplvanéds at a
t enper at f_less n about 35 C. -8 WD 02/ 070505 PCT/ US01/ 50512 10.
The neth§%&3?ﬁgpgf%¥g%ﬂ)'erein about 80% to about 90% of the solvent is
renoved by evaporation. 11. The nethod of to claim1, further conprising
isolating pure warfarin sodium 12. The nethod of claim 11, wherein the
pure warfari nlsodi dhe methodfse elaimy ), Buthorpmprisinggselatingpiire yarfamh godismhod of
claim11l, wherein the isolating is acconplished using thin or wipe film
technol ogy. 14. The nethod of claim 1, wherein the volatilizable base is

sodi um carbongpe. ThOmetHdE oPERFESS, vAELEH CHePiird Warkdri s3tibeh isfisoldtéEBy solvent
conprising the steps of: renoving additional solvent in a vacuumoven at a

t enper at @Yapopttioness than about 70 C wuntil a solid forns, grinding the
solid into a fine powder, and renoving any renmaining solvent in a vacuum
oven at a tenperature of less than about 70 C. 16. A nethod for producing

war farin sodi g comaéhﬁiheaom@insne,mefbﬁnmqees%taitiﬁgisvaaé&ﬁ@isﬁe@ﬁ@tmntdhﬁ um
carbonate at a tenperature of |ess than about 30C in absol ute ethanol,

heat i ng filme techgelogy.ng sol ution to a tenperature of between about 30C and
about 35C, renoving insoluble salts by filtration at room tenperature,

14. The method of claim 1, wherein the volatilizable base is sodium carbonate.

15.  The process according to claim 10, further comprising the steps of:

removing additional solvent in a vacuum oven at a temperature of less than about 70° C
until a solid forms,

grinding the solid into a fine powder, and

removing any remaining solvent in a vacuum oven at é temperature of less than about

70° C.

16. A method for producing warfarin sodium comprising the steps of:

reacting warfarin acid with sodium carbonate at a temperature of less than about 30°C
in absolute ethanol,

heating the resulting solution to a teniperature of between about 30°C and about 35°C,

removing insoluble salts by filtration at room temperature,

adjusting the pH to a value of from about 7.8 to about 8.1,

removing the absolute ethanol by evaporation at a temperature of not more than about
50°C to form a syrup,

pouring the syrup into evaporation trays,

removing additional absolute ethanol in a vacuum at a temperature of less than about 70°
C until a solid forms,

removing the solid from the vacuum and grinding the solid into a fine powder, and

9.



adjusting the pHto a value of fromabout 7.8 to about 8.1, renoving the
absol ute et hanol by evaporation at a tenperature of not nore than about
50C to fowmoa/osnspup, pouring the syrup into evaporation tPayaSor/sisnyi ng
addi ti onal absolute ethanol in a vacuumat a tenperature of |ess than about

70 Cuntil a solid fornms, renovi n(t;_ the solid fromthe vacuum and %ndi ng
the solid int EROVERGEYIENGENNE spheent o Xaouw/ab 2 tepeperavare afidess fippsbout 78 kpvi ng

any remajnj d. n uum at a tenperature of |ess than about 70 C
to pr odu{coeérgg?%q}v\uéereg'%rrl n good l?ﬁ’m wherein the ratio of nolar equival ents of

sodi um car bonahéreinathyvatid df indlaa edqdvaléntd sfaodialodatbondte 1o Waifgriradidils fibnbabbut 17.
A nethod for producing pure warfarin sodiumconprising the steps of: step
for providilng abawtel- ddrfarin acid, a volatilizable base, and a polar organic
solvent step for producing crude warfarin sodiumfromthe warfarin acid
and the base in the polar organic solvent at anbient tenperature, step for
removi ng sol i g7i npurmkethes fdr;;@m@aigq)m wagarRsddairh RompebiHphewtspsoirep for
obtaining a pHin a range of fromabout 7.8 to about 8.1, to produce a pure
war f ari n sodi sifp farseuimgmnee Vardaryuarid atyatasilizable bpsectwba polanereitc geluerp

consi sting of Stsogirurrn &u%rnbocr}gé e, r?.nd sadi UE;obitflar bo ate.. anﬁ er ei n t he

pol ar sol vent RN A AT TEE AR AB o oY et & Y 8%1332“1 (t)lfe %thg a

cl at hr at golaf@gaic 9619 Smbicantetper@dDt € back-reaction under the
conditions for producing crude warfarin sodium 18. The nethod of claim

17, wher ei n t $ep &wlrgmaying soled imapiaities from spitecrnde wadaryt sastiernnand3, wherein t he
et hanol is absol

s sl ect od Y ERERREERS LB APREY olgat Seul APk B PR o
bi car bon@hffarin sodium,
wherein the inorganic base is selected from the group consisting of sodium carbonate
and sodium bicarbonate, and
wherein the polar solvent contains less than about 10% water and does not produce a

clathrate, cause decomposition or promote back-reaction under the conditions for producing

crude warfarin sodium.
18. The method of claim 17, wherein the solvent is ethanol.
19. The method of claim 18, wherein the ethanol is absolute ethanol.

20.  The method of claim 17, wherein the base is selected from the group

consisting of sodium carbonate and sodium bicarbonate.
21. The method of claim 17, wherein the base is sodium carbonate.

22.  The method of claim 17, further comprising a step for isolating pure warfarin

sodium by solvent evaporation.

23.  The method of claim 18, further comprising a step for evaporating ethanol

from the pure warfarin sodium.

-10-



21. The nethod of claim 17, wherein the base is sodium carbonate. 22. The
nmet hod of claim 17, further conprising a step for isolating pure warfarin
sodi um byweakmersbs evapor ati on. 23. The nmethod of clai m 18pcfrarsohsnsi2
conprising a step for evaporating ethanol fromthe pure warfarin sodium
-10 WO 02/ 070505 PCT/ US01/50512 24. The nethod of claim 23, wherein said
step for evaporating ethanol conprises step for converting the pure

the et hanol 1 SheyagoF arbted of P 2Bk B 1ok P sBRRUh i S &8kt Sy e
for generatingtep féd da)ﬁwmelg Wedffle §atfhieh e psépaﬁhu‘bﬁ o b @yfqg iffdeh WREh286®I NI Ng
et hanol . 25. The nethod of claim24, wherein the about 80%to about 90% of

et hanol BQ%Hewhgdﬁ&B%df@me&mn@npeY@mnﬂﬁiof | ess than about 50C. 26. The
met hod of clain1§4 mherel sai d steg or converting the syrup to a solid
i s conducted FiYPa° éyF?ﬁBQr fre of Iess than about 70C. 27. The

met hod of C|akﬁb%ﬁga%ﬁﬁﬁ$Qf§@hdh§ﬁ&pgﬂﬁrmkanVIng any remai ning ethano
is conducted at a tenperature of |ess than about 70C. 28. Pure warfarin

sodi um pr oducetpligr remeveigepy rohainngattaholy warfarin acid with sodi um
carbonate in absolute ethanol, renoving insoluble salts by filtration,
adjusting the pHto a value of fromabout 7.8 to about 8.1 to provide a

sol ution of pyke WRE hiihdd SFRMiMD4 a«ﬂ@reimkasémowo%wémbﬂetﬁwlm 29.
The pure warfarin sodiumof claim28, wherein said the purity of said pure

marfarlnesqﬁwﬂaiaxﬁempmaumeofMWsﬁmnsmnmﬁﬂKéd in the U. S. Pharnmacopoeia. -11

26.  The method of claim 24, wherein said step for converting the syrup to a solid

is conducted in a vacuum at a temperature of less than about 70°C.

27.  The method of claim 24, wherein said step for removing any remaining

ethanol is conducted at a temperature of less than about 70°C.

28.  Pure warfarin sodium produced by the steps of:

reacting warfarin acid with sodium carbonate in absolute ethanol,

removing insoluble salts by filtration,

adjusting the pH to a value of from about 7.8 to about 8.1 to provide a solution of pure
warfarin sodium, and

isolating pure warfarin sodium.

29.  The pure warfarin sodium of claim 28, wherein said the purity of said pure

warfarin sodium exceeds the purity specified in the U.S. Pharmacopoeia.
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