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in undesirable deconposition. Also, heating at still higher tenperatures
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aqueous 0S| ari’n umpreviously encount ered
in the prioru8rPatent 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
heating at 100°C over P,Os for 3-5 hours in a high 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
a high vacuum (1.0 mm Hg) 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.

The present process is contrary to these teachings and provides a flexible and cost
effective method of preparing warfarin sodium from warfarin sodium 2-propanol clathrate,
using a single vessel, in one step, and yielding directly a pure, dry, pharmacopoeia grade
substance.

The present process avoids complications and difficulties encountered in the prior art
procedures, for example, the use of alkaline aqueous media and decomposition of warfarin
sodium previously encountered in the prior art.

This invention succeeds where previous efforts have failed and presents a simple

synthesis of warfarin sodium from warfarin sodium 2-propanol clathrate.



This invention succeeds where previous efforts have failed and presents a
sinple synthesis of warfarin sodiumfromwarfarin sodi um 2-propanol
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to about 30 hours; in preferred embodiments, the solvent expulsion takes from about 6 hours
to about 20 hours.

Controlled heat transfer conditions may be provided by heating in a suitable oven
including, for example, a turbo oven, a vacuum tray oven, a paddle rotary oven, a fluid bed
oven, other dynamic ovens, ovens that can move the sample in the oven, and others. A
special turbo oven that includes the possibility of using an inert gas (nitrogen, argon, helium)
blanket in the oven by incorporating an inlet-outlet valve purge system is preferred.

In another aspect, the invention relates to pure warfarin sodium produced by the
method of the invention. The pure warfarin sodium contains less then about 0.5%,
preferably less than 0.4% and more preferably less than about 0.2%, 2-propanol. The pure
warfarin sodium contains less than about 1% non-solvent impurities. The invention also
relates to a pharmaceutical composition comprising pure warfarin sodium produced by the
method of the invention.

Further objectives and advantages will become apparent from a consideration of theﬂ

description and non-limiting examples.
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that, where conditions requiring long and uncontrolled exposure times coupled with reduced
pressure are used, decomposition inevitably results. The present invention overcomes these
difficulties by expelling 2-propanol from warfarin sodium 2-propanol clathrate by using heat
under controlled specific conditions (i.e. shorter time and higher temperature or longer time
and higher temperature under an inert atmosphere).

According to the present invention, it has been found that warfarin sodium may be
produced from the corresponding warfarin sodium 2-propanol clathrate by heating at a
temperature below about 170°C, preferably not more than about 160°C, under conditions of
controlled heat transfer. “Conditions of controlled heat transfer” or “means for controlled
heat transfer” refer to a heating apparatus and condition whereby the starting material is
heated relatively evenly and efficiently. Conditions of controlled heat transfer result in
solvent expulsion without decomposition of the warfarin sodium or the parent clathrate. In
contrast to previously available methods, and contrary to the expectations of a person skilled
in the art, heating at high vacuum is unnecessary and, in fact, undesirable. It was found that
significant decomposition occurred during the time required to remove the solvent when a
high vacuum condition was used. Without being bound to any theory, it is thought that the
use of a high vacuum reduces the amount of atmosphere circulating around the sample and

hinders the evenness of heating. Thus, it was found that solvent expulsion is best
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methodology, it was found that samples of 50-100g could be effectively prepared in 4-6
hours while larger samples, e.g. 12 kg, required about 24 hours of heating.

In order to heat the clathrate under a condition of controlled heat transfer, an
appropriate oven must be used. Many types of drying ovens are used in the chemical
industry and may be used to practice the invention. It has been found that a few ovens are
particularly useful for practicing of the invention. In particular, it has been found that typical
“static” drying ovens, i.e. ovens that operate at atmospheric pressure, without circulation of
the atmosphere surrounding the sample, without agitation of the sample and without an inert
atmosphere, are less effective at controlling the conditions of heat transfer sufficient to
remove the solvent from the clathrate without causing decomposition. In general, the most
appropriate ovens for practicing the inventions are active ovens that are capable of operating
at a reduced pressure, circulating or moving the atmosphere surrounding the warfarin sodium
2-propanol clathrate, agitating the warfarin sodium 2-propanol clathrate or surrounding the
warfarin sodium 2-propanol clathrate with an inert aimosphere. Exambles of active ovens

include:
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These ovens may be typical commercial ovens or may be specially modified. The
process of the invention results in the expulsion of 2-propanol (solvent expulsion).

The solvent expulsion may be conducted at atmospheric pressure or at a reduced
pressure. When conducting the solvent expulsion at atmospheric pressure in air, a turbo
oven is preferred. More preferably, solvent expulsion conducted at atmospheric pressure is
accomplished in an inert gas atmosphere such as nitrogen, argon or the like. Solvent
expulsion in an inert atmosphere may be carried out in any type of oven which provides for
such an opportunity. A turbo oven which provides for an inert atmosphere via an inlet-outlet
valve purge system is particularly preferred. Preferably, solvent expulsion is conducted at a
reduced pressure of approximately 50 mm Hg to about 100 mm Hg, either in air or in an
inert gas atmosphere. Nitrogen and argon are particularly preferred inert gases. Depending
on the temperature and pressure, the solvent expulsion is conducted over a period of time
ranging from about 2 hours to about 30 hours, and is preferably conducted over a period of
time of from about 6 hours to about 20 hours. The most preferred temperature for the

solvent expulsion is from about 145°C to about 155°C.



These may be used, but are generally less suitable for practicing the
invention on an industrial scale. » Paddle rotary ovens which operate at
at nrospherwo @roeedure, with or without inert gas bl anket, RFaT/vgeisésor he
substance is stirred by the aid of a paddle type m xer inside the oven
during the gﬁgr ation. ~ Fluid bed ovens in which a gas c¢ircul ates .t hrough

the sanple ivglapa spding: pispared ReLOTERSIA the PrRsGRIBYRIUGR 13 pldamedissyiplds e i n
th : ' i ' T ; t ypi cal
commar P4 Bl Picay BUASSINC RS O e LRy GIBUINATE SR Rl P! C2

I nvent iiencositing dedsrtharh ebex AL0% inon-sofvet- iprpopisinn| Ths Ghpepinod xpuikst afithe The
sol vent expul sion nmay be conduycted at at nospherjc .pressu or at reduced
pr essur@f%éﬁd@&ﬁﬁ%‘ﬂqtﬁbtWFFéﬂ¥6‘P¥/’élﬁ¥e Bipabait 0% mﬁ%@%ﬁyelﬁfsctﬁm re in
ai 1, a gy behd RQURSkt ipPefBfaBlelebethan MBS PSS! CTRD|MrraSR!SYERIn RXEHMIRIOR a
conducted at atnospheric pressure is acconplished in an inert gas

at nosphéite puederamdngives ganlytiazlgaml phydited datk edenBoblv éntthosexepdtédofori m an

i nert atnms herﬁ‘I y be carried out in any type of oven which provides for
such aﬁuéo% P e{@.mﬂr“t‘ur bo oven which provides for an inert atnosphere

via an inl etpheuire@int iv@in¥in AN 2t SY&QHdd $n Rahds 6LKRS F)1dWiRE SohRiting
Preferably, solvent expulsion is conducted at a reduced pressure of

appr oxickampley. Bovidinbe-gppreciatbd by thee oferdigary skilhiar the rartathet e condiipns seher t

gas at here. N trogen and argon are icularly preferred.inert. gases.
Bependinnh it pehyinBEy sRapars ity P delPL to it gy deslF hORud
conductegfleri@itativnp esudddvapfatibhérend kqunigie REpdriraetaiauire Avitigid e seoplututhe 30
hours, and is preferablg conducted over a period of tine of fromabout 6
hour s tilveabew end thenpatheds farepepoeming, theer PXPErImERSs ¥ & eHleyoRm forRersogs of ent
expul si j t 145C to about 155C. -5 WD 02/ 070504 PCT/ US01/ 50507
The war a]rfl%lr%s{s{gﬁplﬁ%@%#epar ed according to the present invention is obtained
in yields which are generally greater than 95% of theory, and the product

is a olﬁgi nﬁﬁ N a pure form i.e. containing |l ess than about 1.0%
non- sol [rities. The 2- propanol content of the

EXAMPLE 1:

A standard turbo type tray oven was charged with pharmacopoeia quality warfarin
sodium 2-propanol clathrate (100 g). Heating at 145-155°C for 7 hours gave warfarin
sodium as a white powder.

Yield: 90 g (97% of theory) of pharmacopoeia grade substance.

IPA content: not more than 0.2%.

EXAMPLE 2:

A vacuum tray type oven was charged with pharmacopoeia quality warfarin sodium
2-propanol clathrate (100 g). A relative reduced pressure of 50-100 mm Hg was achieved
and a slight nitrogen stream applied.

The material was heated to 150-160°C for 22 hours to give warfarin sodium as a
white powder.

Yield: 91 g (99% of theory) of pharmacopoeia grade substance.

IPA content: less than 0.5% |
EXAMPLE 3:
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rotatory oven was charged with ﬁhar macopoei a quality warfarin
hours to give warfarin sodium as a white powder.

Yield: 2203 g (96% of theory) of pharmacopoeia grade substance.

IPA content: not more than 0.2%

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-
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.



sodi um 2- propanol clathrate (1000 g) and a slight streamof dry nitrogen
applied. The clathrate was heated to about 145-150C for 20 hours and gave
t he desirwd ozaésani n sodium as a white powder. Yield: 892/(®is650f

t heory) of pharnmacopoei a grade substance. |PA content: about 0.4% EXAMPLE
4: A turbo type tray oven provided with an inert gas inlet/outlet

cont rolmggww th pharmaceutical grade warfarin sodi um

2- propanol (2500 g). The oven was flushed with nitrogen. The naterial was
heated to 155C under a constant, slight nitrogen flow for 24 hours to give
war farin sodi.um a methdd foe ppepatiag puréi vedréhrinZ20Bngby &@%emexpthisiony) of

phar macopoei a grade substance. [|PA content: not nore than 0.2% The

enmbodi eSS ust rat ed and di scussed in this specification are intended
only 10t eaghihBonerh kbdifth I Propfifo ddinchie RSy Brd NN LBodNBoicTYENt OT S
to make and use The 1nvention. thing in this specification should be
consi desbedt 880°%0, M ting the scope of the present invention. Al exanples
presented are representative_and non-limting. The above- descri bed

enbodi ment s BPelEg 2-proraal gAtherldesenpariiien ebwearfanihsqdadn o Mariera se® added
or om#] i departing fromthe invention, as appreciated by those
skill edi?ﬁq’aﬂg(gér}?}éigeﬁ i ght of the above teachings. It is therefore to be
under st ood t dlztbining puné watfhen seippe. of the clainms and their equivalents, the
invention may be practiced otherwi se than as specifically described. -7 WO
02/ 070504 PCT/ US01/50507 WHAT IS CLAIMED IS: 1. A nethod for preparing
pure warfarig sodrkdinbihod QF ¥Rith 18WRkeR A8 heARIFRE hiSd RfpchR@kioR Gohedodf | N

sodi um 2-propanol clathrate at a tenperature of from about 100C to about
170C, ekiBCito abpue1pP6panol wit hout deconposition of warfarin sodi um or

war farin sodi um

3. The method of claim 1, wherein the heating is at a temperature of from about
145°C to about 155°C.

4. The method of claim 1, wherein the heating is conducted in air or in an inert
atmosphere.
5. The method of claim 4, wherein the inert atmosphere is selected from the

group consisting of nitrogen and argon.

6. The method of claim 1, wherein the solvent expulsion is conducted under a

partial pressure of from relative vacuum to atmospheric pressure.

7. The method of claim 6, wherein the solvent expulsion is conducted ata partial

pressure of from about 50 mm Hg to about 100 mm Hg.

8. The method of claim 1, wherein the solvent expulsion is conducted over a

time of from about 2 hours to about 30 hours.

9. The method of claim 8, wherein the solvent expulsion is conducted over a

time of from about 6 hours to about 20 hours.
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2-propanol clathrate, obtaining pure warfarin sodium 2. The net hod of
claim1, wherein the heating is at a tenperature of fromabout 130Cto
about 160®O0 ®/070d0e¢ net hod of claim 1, wherein the heati ng RCI/E801/80507
tenperature of from about 145C to about 155C. 4. The nethod of claim1,
wherein the heating is conducted in air or in an inert atnosphere. 5. The
nmet hod of claim4, wherein the inert atnosphere is selected fromthe group
consi sting qp ni tfh%%&h@d‘@fc%gpﬁ '\Aél%rei;mﬁd'ﬂ%%tﬂ%%t% is%&@{eﬁ‘ojaf mESRhN the

sol vent expul'sion’I's conducted under a parti ressure o romrelative
vacuumstlectad fsapthe rgrauppoasistingeof a/turbichevened paidlafotal aven, @, vaslnen ¢dap t he

sol vent expul sion.is,conducted at a partial pressure of from about 50 nm
Hg to aﬁ%tanieﬁ%#%we@: The method of claim 1, wherein the sol vent

expul sion is conducted over a tinme of fromabout 2 hours to about 30
hours. 9. The nethod of claim8, wherein the solvent expulsion is conducted
over a tinmdlof fHemabalof Bdaiholl, wheciabeitrb2@®vhoismovided WhGR/iNat0 s34

PCT/ USQ1/ 50 0.. The.nmethod of .claim1l, wherein said heating step is
carri eEiHSa?‘i%C%‘#OA]\?’éFPrﬁ WP o4 BHineH 82 BPRThsi sti ng of a turbo oven,
a paddle rotary oven, a vacuumtray oven, and a fluid bed oven. 11. The
met hod of claim 10, wherein the turbo oven is provided with an inert gas

i nl et/ out | etl2eontThsimeshod ofrclaim ¥, odiesein dhe swiveaheipwdsion geonduatessishlagating 12.
The net hod .of ¢l aim 1 erein t.he sagl ven xpul sion is.conduc oPY

neat i g gl Zatmaln St Shaiia SR LR T g0 L AR

t enper &b Wbt 065590 M pbood ofldhEof bl dtrs155C for a period of time of about
7 hours. 13. The nmethod of claim1l, wherein the solvent expulsionis
conducted by heating

13. The method of claim 1, wherein the solvent expulsion is conducted by heating
warfarin sodium 2-propanol clathrate at a temperature of from about 150°C to about 160°C in
a vacuum tray oven at a pressure of from about 50 mm Hg to about 100 mm Hg for a period

of time of about 22 hours.

14.  The method of claim 1, wherein the solvent expulsion is conducted by heating
warfarin sodium 2-propanol clathrate in a paddle rotary oven at a temperature of from about

145°C to about 150°C in an inert atmosphere for a period of time of about 20 hours.

15. The method of claim 2, wherein the solvent expulsion is conducted by heating
warfarin sodium 2-propanol clathrate in a turbo oven provided with an inert gas inlet/outlet
controller for introduction of an inert gas atmosphere at a temperature of 155°C for a period

of time of about 24 hours.

16. The method of claim 15, wherein said heating is conducted in an inert
atmosphere.

17. The method of claim 1, wherein the warfarin sodium contains less than about
0.5% 2-propanol.



warfarin sodium 2-propanol clathrate at a tenperature of from about 150C to
about 160C in a vacuumtray oven at a pressure of fromabout 50 mmHg to
about 100wom2kgofoer a period of time of about 22 hours. PECT/030¢/508f hod of
claim11l, wherein the solvent expulsion is conducted by heating warfarin
sodi um 2-prgpanol_clathrate in a paddle rotary oven at a tenperature of
from about P45 Ths mgsked oficiyem 1. vheserp the varkariisogher eomains fespensbiowt time
of abog@z%gz};}g i 15. The method of claim2, wherein the solvent expulsion
i s conducte gﬁﬁeati ng warfarin sodium 2-propanol clathrate in a turbo
oven provided with an inert gas inlet/outlet controller for introduction

of an inert _gas nosphere. at. a tenperature of 155C for a period  of tine
of about 24 Hour gmei%é%geé%f‘ﬁ@%]od&ﬁme g Wrfasin spRps pontaigs psp dignichepti s
conduct @gnbsAedt MBpliriti@t Nosphere. 17. The method of claim1, wherein the

war farin sodi um con?al ns | ess than about 0.5% 2-propanol. -9 WO 02/ 070504
PCT/ US01/ 50507 18. The nethod of claim 1, wherein the warfarin sodi um

contains |le th bout ..0..2% 2-propanol .. .19. The t hod. of claimi1l,
oy ai 1t he e 1 PR BB BB iAE o s B R
i mpur i ht@gding@e cAirkhar maceut i cal conposition conprising pure warfarin

sodi um prepared according to claim1. 21. A conposition conprising pure
war farin sodi um prepared by a nethod conprising the step of heating

warfarin sodium 2 | clathrate at tenperature of fro bout 100C
o about 1706 undero B ERBBHE S ot TREGE ot { Mol Ty e
conposicbmgrisiaf tied AtpoZikativdr@bhiin §dEue QAstopArNslathirate ani teddepduiRedtrom
transfer conprise an oven selected fromthe group consisting of a turbo
oven, &b¢H NB(@ toorbany 1705 G armdercopditionapf eajrofodheat ransfar. d bed oven and an
oven conprising a noving tray. 23. The conposition of claim21, prepared by
heating warfarin sodi um 2-

22.  The composition of claim 21, wherein the conditions of controlled heat
transfer comprise an oven selected from the group consisting of a turbo oven, a paddle rotary

oven, a vacuum tray oven, a fluid bed oven and an oven comprising a moving tray.

23.  The composition of claim 21, prepared by heating warfarin sodium 2-
propanol clathrate in a turbo oven at a temperature of from about 145°C to about 155°C for a

period of time of about 7 hours.

24.  The composition of claim 21, prepared by heating warfarin sodium 2-
propanol clathrate at a temperature of from about 150°C to about 160°C in a vacuum tray
oven at a pressure of from about 50 mm Hg to about 100 mm Hg for a period of time of

about 22 hours.
25.  The composition of claim 21, prepared by heating warfarin sodium 2-
propanol clathrate in a paddle rotary oven at a temperature of from about 145°C to about

150°C in an inert atmosphere for a period of time of about 20 hours.

26.  The composition of claim 21, prepared by heating warfarin sodium 2-

propanol clathrate in a turbo type tray oven provided with an inert gas inlet/outlet controller
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propanol clathrate in a turbo oven at a tenperature of from about 145C to
about 155C for a period of tinme of about 7 hours. 24. The conposition of
claim 21, woreepassed by heating warfarin sodium 2- propanol rdrarden/ae®7at a
tenperature of from about 150C to about 160C in a vacuumtray oven at a
pressure of from about 50 mm Hg to about 100 mm for a period of time of
about Zor inaduction®f ariericgagpERosPhers abf tenparaiuziol l_lgﬁ"@p@r?éldnw ateespherg
war f arign. sodi - an thrate in a paddle rotary oven at a
tenpergﬁﬁ g%#ﬂ¥$%%$é§oﬁP9%%%gﬁt)about 150C in an inert atnosphere for a
period of tinme of about 20 hours. 26. The conposition of claim 21, prepared
by heating warfarin sodium 2- propanol clathrate in a turbo type tray oven
pIi ey

provi ded wi £d- an 4 AbErmagasical fogIosition SPIPEHNE Hha e wanfgripepdy

PCT/ US@}/ 50507 for introduction of an inert gas atnmosphere at a
tenperature of 155C in an inert atnosphere for a period of tinme of about
24 hours. 27. A pharnaceutical conposition conprising the pure warfarin

sodiumof claim 21. 28. The posjtion of claim?2l, wherein the warfarin
sodi um cont &°ns Iﬁlﬁs“'o{lﬁaﬁtm%g%gg‘bii&o Bergp Seaprgifarinipdivgy coriging bess thagn of
claim %ga,ut\/@jj@%g_@.o%%lmrfari n sodium contains |ess than about 0.2%
2-propanol . 30 he conposition of claim?2l, wherein the warfarin sodi um
contains |l ess than about 1% non-solvent inpurities. 31. A nethod for

preparing puyr.e farin sodi um.co i.sing:. step for expellin - pr.opanol
Pr omsal d weadt ar | HhecamPaRTS: prURERE . Crdt e Rertedl s e ane R TR OB of | e
heat t a&gfers 2apdpaigp for isolating pure warfarin sodium 32. The method

of claim 31, wherein the expelling step conprises nmeans for providing an
i nert gas atnosphere.

30.  The composition of claim 21, wherein the warfarin sodium contains less than

about 1% non-solvent impurities.

31. A method for preparing pure warfarin sodium comprising;:
step for expelling 2-propanol from said warfarin sodium 2-propanol clathrate
using means for controlled heat transfer; and

step for isolating pure warfarin sodium.

32.  The method of claim 31, wherein the expelling step comprises means for

providing an inert gas atmosphere.

33.  Themethod of claim 31, wherein the expelling step comprises means for

providing at least a partial vacuum.

34.  The method of claim 31, wherein the expelling step comprises means for

providing a temperature of from about 130°C to about 160°C.

35.  The method of claim 31, wherein the expelling step comprises means for

providing a temperature of from about 145°C to about 155°C.
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33. The nethod of claim 31, wherein the expelling step conprises neans for
providing at |east a partial vacuum 34. The nethod of claim 31, wherein

t he expel Wigwsésp conprises nmeans for providing a tenperpgituid18bsofr om
about 130C to about 160C. 35. The nethod of claim 31, wherein the expelling

step conprises nmeans for providing a tenperature of from about 145C to
about 155C. 361 \Vihometipdsbalapchl varBoBoTxpelg sRpecomrisesimeancioni m 31,

e D SRS R Lo 0l Pt 1 B essure

wherein nmeans for controlled heat transfer conprises a neans for agitating
the warfarin sodium 2-propanol clathrate. 38. The nethod of claim 31,
wher ei n t he ¥eansThemetsdof plained 1 Heheremmaenns dor copplhed ket transierpempriges

codi um S e et B P g pure war farin

sodi um by sol vent expul sion conprising: heating warfarin sodi um 2-propanol
clathrate at t enper ature _of . from about_ 145C t about 160C i n_an oven
sel ected frotfi't he' 8¢ B °€8§§]?§??ﬁgw%ffrelé‘tbﬁmﬁﬁn Eﬁo,nt’éﬁllﬁékﬁflﬁérapéfeéry oven,

a vacuupntdts @%RAns AR thdvild éfgge&gdm%@ﬂheram%g&g%v&a RIARRNG Lclfé"’i thout

deconposition of warfarin sodiumor warfarin sodi dm 2-propanol clathrate,
obt ai ni wgrfpur odvem Raropamsbdatmte.sai d pure warfarin sodi um contai ning | ess
t han about 0.4% 2-propanol and | ess than about 1% non-sol vent inpurities.

40. Warfarin sodi um prepared according to the nethod of claim39. -12
39. A method for preparing pure warfarin sodium by solvent expulsion
comprising:

heating warfarin sodium 2-propanol clathrate at a temperature of from about 145°C to
about 160°C in an oven selected from the group consisting of a turbo oven, a paddle rotary
oven, a vacuum tray oven, and a fluid bed oven,

expelling 2-propanol without decomposition of warfarin sodium or warfarin sodium
2-propanol clathrate,

obtaining pure warfarin sodium,

said pure warfarin sodium containing less than about 0.4% 2-propanol and less than

about 1% non-solvent impurities.

40.  Warfarin sodium prepared according to the method of claim 39.
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