
WO 02/070504 PCT/US01/50507  PREPARATION OF WARFARIN SODIUM FROM WARFARIN
SODIUM-2-PROPANOL CLATHRATE BY  SOLVENT EXPULSION BACKGROUND OF THE
INVENTION  Field of the Invention The present invention relates to a
process for preparation of warfarin sodium. More  specifically, the present
invention relates to a process for preparing warfarin sodium from  warfarin
sodium 2-propanol clathrate by solvent expulsion. Background  Warfarin
sodium, known by the chemical name 4-hydroxy-3-(3-oxo-l-phenylbutyl)-
2H-1-benzopyran-2-one sodium salt, is a well established, widely used oral
anticoagulant  and rodenticide. (See, for example, U.S. Patent No.
4,113,744 issued Sept. 12, 1978.) According to U.S. Patent No. 3,192,232,
warfarin sodium prepared by existing  methods often has as undesirable
slight yellow color. (See also, U.S. Patent No. 3,077,481).  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  heating at 100C over P205 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 (145C) 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
(230C), 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. -1 WO 02/070504 PCT/US01/50507  SUMMARY OF THE INVENTION In
summary, the present invention is a method by which warfarin sodium may be
easily prepared in a commercially feasible manner. Its purity makes it very
useful in the  pharmaceutical industry. The present invention provides a
process which is simple, cost effective and viable  for manufacturing
warfarin sodium from its parent 2-propanol clathrate. The present invention
is a method for producing pure warfarin sodium from warfarin  sodium
2-propanol clathrate by thermal, nondestructive solvent expulsion. The
solvent  expulsion according to the present invention is achieved by
heating warfarin sodium 2- propanol clathrate at a temperature from about
100C to about 170C, preferably at a  temperature of from about 130C to
about 160C and more preferably at a temperature of  from about 145C to
about 155C under controlled heat transfer conditions. The solvent expulsion
may be accomplished by heating the clathrate in air or,  preferably in an
inert atmosphere. Preferred gases for the inert atmosphere are nitrogen and
argon. The solvent expulsion may be conducted at partial pressures ranging
from that of a  relative vacuum to 760 mm Hg. Atmospheric pressure or a
reduced pressure of from about  50 mm Hg to about 100 mm Hg are preferred.
The solvent expulsion may take from about 2  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 the  description and non-limiting examples. -2 WO
02/070504 PCT/US01/50507  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 each had been
individually incorporated. "Pure" refers to a substance that meets the
requirements of at least one of the US  Pharmacopoeia ("USP"), the British
Pharmacopoeia ("BP") and the European  Pharmacopoeia ("EP"). The terms
"clathrate" and "parent clathrate" are used to designate warfarin sodium 2-
propanol clathrate. It is to be understood that the terms "2-propanol",
"isopropanol" and "IPA", as used  in the art, all refer to the same
chemical entity. The tendency of the warfarin sodium 2-propanol clathrate
starting material to  decompose when exposed to relatively high
temperatures over prolonged periods of time,  especially when is not very
pure, is a known phenomenon. It has been previously described  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 170C, preferably not
more than about 160C, 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  -3 WO 02/070504 PCT/US01/50507  accomplished at atmospheric
pressure or, if a reduced pressure is used, at a pressure high  enough to
permit efficient heating. Alternatively, other means that permit efficient
heating  may be used at either atmospheric or reduced pressures. The
invention thus requires that the clathrate be heated at a temperature at
which the  solvent is completely expelled before significant decomposition
occurs. For example, by  conducting the solvent expulsion according to the
invention, the solvent content may be  reduced to less than about 0.5 %
before significant decomposition occurs. In a more  preferred embodiment,
the 2-propanol content may be reduced to less than about 0.4% and in  the
most preferred embodiment to less than about 0.2 %. Pharmacopeias generally
require  less than 1.0 % of total non-solvent impurities, and this is also
readily achieved by the  present invention. To calibrate a given oven to a
condition of controlled heat transfer according to the  invention, the
solvent expulsion is first conducted on a test batch. Aliquots are removed
at  predetermined times, for example each hour, and the solvent remaining
and the extent of  



decomposition in the aliquot measured. If decomposition is occurring before
solvent  expulsion, conditions may be changed by, for example, lowering the
temperature, lowering  or increasing the pressure, or introducing an inert
gas. The optimal conditions are thus  determined. Samples are then
subjected to heating under the same conditions. Using this  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 atmosphere. Examples of active
ovens  include: -4 WO 02/070504 PCT/US01/50507  ^ Turbo ovens of the
standard commercial type that have trays for the substance (as a "fixed
bed") while hot air circulates by the aid of a turbo fan at atmospheric
pressure. ^ Special turbo ovens that include the possibility of using an
inert gas (nitrogen,  argon, helium) blanket in the oven by incorporating
an inlet-outlet valve purge  system. Such an oven is particularly useful
and preferred for practicing the  invention on larger industrial scales. ^
Vacuum tray ovens having a closed system and working under low pressure.  



These may be used, but are generally less suitable for practicing the
invention on  an industrial scale. ^ Paddle rotary ovens which operate at
atmospheric pressure, with or without inert  gas blanket, in which the
substance is stirred by the aid of a paddle type mixer inside  the oven
during the operation. ^ Fluid bed ovens in which a gas circulates through
the sample during heating and  thus provide movement of the atmosphere in
the oven relative to the substance  being dried. 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 145C to about 155C. -5 WO 02/070504 PCT/US01/50507
The warfarin sodium prepared according to the present invention is obtained
in yields which are generally greater than 95% of theory, and the product
is a obtained in a pure form,  i.e. containing less than about 1.0%
non-solvent impurities. The 2-propanol content of the  



warfarin sodium product is typically not more than about 0.5%, is
preferably less than about  0.4%, and is most preferably less than about
0.2%. The warfarin sodium is obtained as a  white powder and gives
analytical and physical data identical to those reported for a  substance
in the literature. The present invention is best understood in terms of the
following non-limiting  examples. It will be appreciated by those of
ordinary skill in the art that the conditions set  forth in the
non-limiting examples may be varied to obtain optimum results by routine
experimentation. Such variations and routine experimentation are within the
scope of the  invention and the methods for performing those experiments
are well known to persons of  ordinary skill in the art. EXAMPLES  EXAMPLE
1: A standard turbo type tray oven was charged with pharmacopoeia quality
warfarin  sodium 2-propanol clathrate (100 g). Heating at 145-155C 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
min Hg was achieved  and a slight nitrogen stream applied. The material was
heated to 150-160C 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: -6 WO 02/070504 PCT/US01/50507  A paddle type,
rotatory oven was charged with pharmacopoeia quality warfarin 



sodium 2-propanol clathrate (1000 g) and a slight stream of dry nitrogen
applied. The  clathrate was heated to about 145-150C for 20 hours and gave
the desired warfarin sodium  as a white powder. Yield: 895 g (97% of
theory) of pharmacopoeia grade substance.  IPA content: about 0.4% EXAMPLE
4: A turbo type tray oven provided with an inert gas inlet/outlet
controller was charged  with pharmaceutical grade warfarin sodium
2-propanol (2500 g). The oven was flushed with  nitrogen. The material was
heated to 155C under a constant, slight nitrogen flow for 24  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. -7 WO
02/070504 PCT/US01/50507  WHAT IS CLAIMED IS: 1. A method for preparing
pure warfarin sodium by solvent expulsion  comprising: heating warfarin
sodium 2-propanol clathrate at a temperature of from about 100C to  about
170C, expelling 2-propanol without decomposition of warfarin sodium or
warfarin sodium  



2-propanol clathrate, obtaining pure warfarin sodium. 2. The method of
claim 1, wherein the heating is at a temperature of from about  130C to
about 160C. 3. The method of claim 1, wherein the heating is at a
temperature of from about  145C to about 155C. 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 at a 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. -8 WO 02/070504
PCT/US01/50507  10. The method of claim 1, wherein said heating step is
carried out 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. 11. The
method of claim 10, wherein the turbo oven is provided with an inert gas
inlet/outlet controller for introduction of an inert gas atmosphere. 12.
The method of claim 1, wherein the solvent expulsion is conducted by
heating  warfarin sodium 2-propanol clathrate in a turbo oven at a
temperature of from about 145C  to about 155C for a period of time of about
7 hours. 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 150C to
about 160C 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  145C to about 150C 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 155C 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. -9 WO 02/070504
PCT/US01/50507  18. The method of claim 1, wherein the warfarin sodium
contains less than about  0.2% 2-propanol. 19. The method of claim 1,
wherein the warfarin sodium contains less than about  1% non-solvent
impurities. 20. A pharmaceutical composition comprising pure warfarin
sodium prepared  according to claim 1. 21. A composition comprising pure
warfarin sodium prepared by a method  comprising the step of heating
warfarin sodium 2-propanol clathrate at a temperature of from  about 100C
to about 170C under conditions of controlled heat transfer. 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 145C to
about 155C 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 150C to about 160C 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 145C to about  150C 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  -10 WO 02/070504
PCT/US01/50507  for introduction of an inert gas atmosphere at a
temperature of 155C in an inert atmosphere  for a period of time of about
24 hours. 27. A pharmaceutical composition comprising the pure warfarin
sodium of claim  21. 28. The composition of claim 21, wherein the warfarin
sodium contains less than  about 0.4% 2-propanol. 29. The composition of
claim 21, wherein the warfarin sodium contains less than  about 0.2%
2-propanol. 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. The method 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 130C to about 160C. 35. The method of claim 31, wherein the expelling
step comprises means for  providing a temperature of from about 145C to
about 155C. -11 WO 02/070504 PCT/US01/50507  36. The method of claim 31,
wherein the expelling step comprises means for providing a partial pressure
of from about 50 mm Hg to about 100 mm Hg. 37. The method of claim 31,
wherein means for controlled heat transfer comprises  a means for agitating
the warfarin sodium 2-propanol clathrate. 38. The method of claim 31,
wherein the means for controlled heat transfer  comprises a means for
moving a gaseous atmosphere in a drying oven relative to the  warfarin
sodium 2-propanol clathrate. 39. A method for preparing pure warfarin
sodium by solvent expulsion  comprising: heating warfarin sodium 2-propanol
clathrate at a temperature of from about 145C to  about 160C 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.  -12 


