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Cross-Reference to Related Applications

[0001] This application claims priority to U.S. Provisional Application Serial No. 60/829,817,
filed October 17, 2006, and U.S. Patent Application Serial No. 11/611,049, filed December 14,

2006, the contents of which are incorporated by reference in their entirety.

Background of the Invention

1. Field of the Invention

[0002] This invention relates to preparation of opiates such as 14-hydroxymorphinone,
oxymorphone and naloxone from oripavine.

2. Background of the Invention and Related Art

[0003] Oxymorphone, a potent opiate analgesic, is a semi-synthetic substitute for morphine. It
is about ten times as potent as morphine. In the United States, FDA has approved oxymorphone
hydrochloride in oral, parenteral and suppository form. Naltrexone, methylnaltrexone,
buprenorphine, nalmefene, nalorphine and naloxone are other useful opiates.

[0004] Oxymorphone can also be converted to these and other useful compounds, such as nal-
compounds, including naloxone.

[0005] Oxymorphone is typically synthesized using thebaine, morphine or another compound
as a starting material. Thebaine, when used, is generally obtained from the concentrated poppy
straw (CSP-T), a poppy extract relatively rich in thebaine. Reaction schemes for producing
oxymorphone from thebaine take several steps, to intermediates such as oxycodone, then
conversion of the 3-methoxy group of oxycodone to the 3-hydroxy group of oxymorphone. US
Patent 6,291,675, for example, discloses a method for O-demethylation of the 3-methoxy group
of opiates by use of a lithium hydride compound, providing a yield of O-demethylated opioid of

at least 23%. US Patent No. 5,922,876 discloses preparation of oxymorphone from morphine.
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The process includes protection of the 3-hydroxy group of morphine with an aceto or benzyl group.

[0006] Syntheses according to the present invention do not include the conversion of a 3-methoxy
group present on opiates to a 3-hydroxy group, and are therefore expected to result in increased

reaction efficiencies, such as reduced reaction complexities and increased yield.

{0006a] Throughout this specification, unless the context requires otherwise, the word “comprise”,
or variations such as “comprises” or “comprising”, will be understood to imply the inclusion of a

stated integer or group of integers but not the exclusion of any other integer or group of integers.

[0006b] Each document, reference, patent application or patent cited in this text is expressly
incorporated herein in their entirely by reference, which means that it should be read and
considered by the reader as part of this text. That the document, reference, patent application, or

patent cited in this text is not repeated in this text is merely for reasons of conciseness.

[0006¢] Reference to cited material or information contained in the text should not be understood
as a concession that the material or information was part of the common general knowledge or was

known in Australia or any other country.

Detailed Description of the Preferred Embodiments

[0007] It has been found that oripavine can be economically converted to other opiates, such as
oxymorphone and derivatives thereof. Any starting material comprising oripavine may be used. The
starting material preferably comprises greater than about 50% by weight oripavine, preferably
greater than about 70%, more preferably greater than about 95%. The starting material is
preferably purified oripavine, or a concentrate of poppy straw comprising oripavine as the main
alkaloid (CPS-0). In accordance with the present invention there is provided a method of preparing
oxymorphone or a salt thereof comprising:

oxidizing oripavine to obtain 14-hydroxymorphinone, wherein said oxidizing is performed in

a single step with an oxidizing agent comprising performic acid, peracetic acid or m-

chloroperoxybenzoic acid in a solvent comprising formic acid or acetic acid; and

reducing the 14-hydroxymorphinone to obtain oxymorphone.
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[0008] Preferably, the oripavine comprises “natural oripavine,” but can also comprise any source
of oripavine. By “natural oripavine” is meant oripavine obtained directly from a natural source (e.g.,
botanical, bioengineered bacterial, etc.), and is meant to distinguish from oripavine obtained in a
laboratory or factory setting by partial or total chemical synthesis, e.g., synthetic or semi-synthetic
oripavine. Natural oripavine includes, without limitation, CPS-O, and purified oripavine obtained

from CSP-O or other poppy straw.

[0009] Preferably, oripavine is oxidized with an oxidizing agent to obtain 14-hydroxymorphinone.
The 14-hydroxymorphinone is then preferably reduced with a reducing agent to obtain
oxymorphone. The 14-hydroxymorphinone can also be used in other ways, preferably to prepare

other products.

2a
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Oripavine 14-Hydroxy-morphinone

Oxymorphone

[0010] The oxidizing agent can comprise any oxidizing agent that permits the conversion of
oripavine to 14-hydroxymorphinone, including, but not limited to, peroxy acids, such as
performic acid, peracetic acid, and m-chloroperoxybenzoic acid (MCPBA). Mixtures bof
oxidizing agents may be used. When a peroxy acid is used, it may be added, or prepared in situ.
[0011] When the oxidizing agent comprises a peroxy acid prepared in situ, it may be prepared
in any manner, preferably by combining a peroxide and an acid. Any peroxide or combination
of peroxides that can provide a peroxy acid can be used, preferably hydrogen peroxide, for
example, aqueous hydrogen peroxide. Any acid or combination of acids that can provide a
peroxy acid can be used, preferably formic acid, or acetic acid, for example, aqueous solutions of
formic and/or acetic acid. Performic acid may be obtained, for example, by combining hydrogen
peroxide and formic acid, and peracetic acid may be obtained by combining hydrogen peroxide
with acetic acid.

[0012] The reaction may be carried out in any appropriate solvent, preferably an aqueous
solvent. When the oxidizing agent includes a peroxy acid, it is preferred to use a solvent
comprising the corresponding acid. For example, when the oxidizing agent comprises performic
acid, it is preferred to use a solvent comprising formic acid, and when the oxidizing agent
comprises peracetic acid, it is preferred to use a solvent comprising acetic acid. When MCPBA
is used, it is preferred to use a solvent comprising acetic acid.

[0013] An exemplary process using performic acid as oxidizing agent is:
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Step 1 @ Step 2
) Hz0; O A\ Hy, Pd/C O@
HCO,H 95%
0
HO On o— HO HO O o (for 2 steps) HO o4 ©
Oripavine, 1 14-Hydroxymorphinone, 2 Oxymorphone Crude, 3
297.35 299.33 301.34
[0014] An exemplary process using MCPBA as oxidizing agent is:
Step 1 @ Step 2
|\ _MCPBA O \ Hy, PA/C O@
Y4 AcOH ACOH
c
HO oy o— HO 0 H O 95% HO 0] H O©
Oripavine, 1 14-Hydroxymorphinone, 2 (for 2 steps) Oxymorphone Crude, 3
297.35 299.33 301.34
[0015] Any temperature that permits the reaction to proceed may be used. The temperature

need not remain constant, and may vary during the reaction. Higher reaction temperatures speed
up the reaction, but may increase formation of by-products. Different oxidation agents may run
optimally at different temperatures. Reactions employing performic acid, for example are
preferably run in the range of about 20 to 60 °C, more preferably about 40-50 °C, even more
preferably at about 50° C. Reactions employing MCPBA are preferably run in the range of about
0 to 40 °C, more preferably about 10-30 °C, even more preferably at about ambient temperature,
e.g., about 25° C.

[0016] The reaction is run under conditions to convert oripavine to 14-hydroxymorphinone.
Preferably, at least about 90% of the oripavine is converted to 14-hydroxymorphinone, more
preferably, about 95%, even more preferably about 98% or 99%. Preferably, the conversion of
oripavine to 14-hydroxymorphinone will be about 100%.

[0017] The remaining amount of oripavine in the reaction mixture, as well as the amount of

14-hydroxymorphinone produced can be determined by any method, preferably by TLC or

HPLC.
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[0018] Any reducing agent may be used to convert 14-hydroxymorphinone to oxymorphone.

Catalytic hydrogenation is a preferred method, e.g., with palladium catalyst, preferably Pd/C.
[0019] Catalytic hydrogenation may be performed at any suitable pressure, and is preferably
done completely, or in part, in a low pressure environment. Catalytic hydrogenation preferably
includes hydrogenation at or greater than, about 1 atmosphere pressure. By “low pressure” is
preferably meant less than about 10 atm, or less than about 4 atm. Catalytic hydrogenation
reactions, therefore, include hydrogenation at, e.g., at about 1-10 or about 1-4 atm. Low pressure
hydrogenation generally requires less expensive processing and/or lower equipment costs than
hydrogenation at higher pressures.

[0020] The oxidizing and reduction may be performed as a “one pot” process, or may be done
in separate vessels. The 14-hydroxymorphinone may be isolated, but need not be isolated, prior
to reduction. In a preferred embodiment, the 14-hydroxymorphinone is not isolated in solid form
prior to reduction.

[0021]  Preferably, the opiate, e.g., oxymorphone, or a salt thereof, is purified. Preferably,
crude oxymorphone is isolated, purified, and converted to a salt, preferably the hydrochloride

salt. An exemplary process for purifying crude oripavine base is:

-
N Step 3

N~
O@ 1. Tartaric Acid / Water O@
Ho” Tof o

2. 50% NaOH

HO' oy o 83%
Oxymorphone Crude, 3 Oxymorphone Purified, 4
301.34 301.34

[0022] Purification aids may be used in the purification process. Preferred purification aids
include adsorbents. Some preferred purification aids include activated carbon (commercially
available as, e.g., Darco), and/or powdered cellulose (commercially available as, e.g., Solka-
Floc). The reducing agent sodium bisulfite may be used, e.g., when performing the reaction in

the presence of oxidants, e.g., under an oxidizing atmosphere. When the reaction is run under a
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non-oxidizing atmosphere, e.g., nitrogen gas, it may be possible to omit sodium bisulfite. Other
purification aids, including purification aids known in the art, may be selected and used by a
person of ordinary skill in the art.

[0023] Opiate salts, e.g., of oxymorphone may also be prepared. Any salt, preferably a
therapeutically acceptable salt, is included in the present invention. The hydrochloride is a
preferred salt. Methods for preparing salts of compounds are known in the art. An exemplary

process for preparing the hydrochloride salt of purified oxymorphone is:

Step 4 P
N N
PO e (%

O \ 94% EtOH .HCI
HO oy © 88% HO Oy O
Oxymorphine Purified, 4 Oxymorphone Hydrochloride, 5

301.34 337.80

[0024] Generally, oxymorphone, preferably purified oxymorphone, is suspended or dissolved
in a liquid, preferably an alcohol and/or water; and more preferably ethanol, 2-propanol,
combinations thereof, and combinations with water. Then, an acid, such as hydrochloric acid
(preferably concentrated or gaseous HCI), is added to the mixture. After cooling for a period of
time, preferably once the reaction is complete or substantially complete, the oxymorphone salt is
separated from the mixture, washed, and dried.

[0025] Oxymorphone, or salt thereof, preferably oxymorphone HCI, may be prepared into
pharmaceutical dosage forms. Pharmaceutical dosage forms include, but are not limited to,
tablets, pills, capsules (including hard or soft gelatin capsules), parenteral formulations,
suppositories, patches and powders. Generally, a salt, e.g., the hydrochloride, is preferred.
Oxymorphone base may be used, e.g., for transdermal patches. Preferred dosage forms include

parenteral formulations and suppositories.
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[0026] Oxymorphone can also be converted to other compounds, such as naloxone. Methods

for effecting this conversion are known in the art.

Examples

Example 1: Crude Oxymorphone from Oripavine
[0027] To a stirred oripavine (166.7 mg; 0.561 mmol) solution in 0.5 mL 30% formic acid
(4.185 mmol) is added 0.1 ml 30% hydrogen peroxide (0.979 mmol), and the resulting mixture is
stirred at 50° C. After complete transformation as indicated by TLC, the reaction mixture is
transferred to a Parr Shaker, and 5% Pd/C (51.9 mg) is added. The mixture is hydrogenated at
room temperature under 28 inch-Hg overnight, filtered, basified with NH,OH, and extracted with
methylene chloride (5 x 15 ml). The extract is evaporated under reduced pressure to give 113.4
mg of a pale yellow solid, yield 67.1%. The product has an identical retention time in HPLC and

same R¢ value in TLC to an oxymorphone standard.

Example 2: Crude Oxymorphone from Oripavine
[0028] Oripavine (50.0 g, 168 mmol), de-ionized water (70 ml) and 90% formic acid (42.0 g,
0.821 mol) are charged into a 500 ml 3-necked round bottom flask. The solution is stirred at 30—
40° C and to the composition is added 35% hydrogen peroxide drop-wise (19.7 g, 0.203 mol)
while keeping the temperature below 40° C. Upon completion of the addition, the mixture is
stirred at 40-50° C for 4 hours. The reaction mixture is transferred to a 1-L hydrogenation vessel
and 5% Pd/C (3.2 g) and 2-propanol (160 ml) are added. Hydrogenation proceeds at 4652 psig
at room temperature overnight (about 18 h). The catalyst in the mixture is filtered off. The
filtrate and washings are combined and basified with 50% NaOH (59.6 g) to pH 9.16. The
temperature is kept at below 30°C during the basification. The slurry is stirred at room

temperature for 1 hour, and filtered to give a brown solid, which is then dried at 90° C and 25”

7
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Hg vacuum overnight to provide the crude oxymorphone as light brown solids (48.2 g, 160

mmol, 95.2% yield).

Example 2b: Crude Oxymorphone from Oripavine
[0029] Oripavine (50.0 g, 168 mmol), is converted to 14-hydroxymorphinone as in Example 2
through and including addition of hydrogen peroxide. Upon completion of the addition, the
mixture is stirred at 40-50° C. By HPLC, it is determined that the area ratio of 14-
hydroxymorphinone:oripavine is 27.2:72.8 after 1 hour, and 99.3:0.7 after 4 hours. After 4 hours
40 minutes, the reaction mixture is transferred to a 1-L hydrogenation vessel and 5% Pd/C (3.2
g) (Degussa E101 o/w, H,O 56.2%) is added. Hydrogenation proceeds at 46-52 psig at room
temperature overnight (about 18 h). The mixture is filtered, and rinsed with about 50 ml water.
250 ml of filtrate are obtained, to which is added 25 ml butanol, yielding a mixture having pH of
2.86. While kept at less than 30° C, or at about 19.6° C, the filtrate is basified with 57.5 g of
50% NaOH, resulting in a pH of 9.05. The mixture is stirred for about one hour at room
temperature, filtered, washed with water (4 x 50 ml), yielding a brown solid. The wet cake is
dried at 93° C at 25” Hg overnight, yielding 44.2 g, 87.2% yield, of oxymorphone as a light

brown solid.

Example 3: Crude Oxymorphone from CPS-O:
[0030] A mixture of CPS-O (6.92 g contains 76% (5.26 g, 17.7 m mol) of oripavine), meta-
chloroperoxybenzoic acid (MCPBA, 4.30 g) and glacial acetic acid (52 ml) is stirred at room
temperature for 5 hours. The amount of oripavine is then expected to be not more than 1% by
HPLC analysis. To the resulting 14-hydroxymorphinone mixture is added 5% Pd/C (0.55 g) and
hydrogenation proceeds at room temperature at 48 psig of hydrogen for about 18 hours. The
amount of unreacted 14-hydroxymorphinone is expected to be not more than 0.5% by HPLC

analysis. The mixture is filtered to remove the catalyst and the filtrate is evaporated to almost

8
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dryness. The residue is dissolved in water and basified to pH 9 by ammonium hydroxide. The
solids are collected by filtration and dried at 90° C and under 25-inch Hg of vacuum for 3 hours

to give crude oxymorphone (approximately 95% yield expected).

Example 4: Purified Oxymorphone
[0031] A suspension of the crude oxymorphone (20.0 g, 66 mmol) and water (120 ml) is stirred
at 45-55° C. Tartaric acid (5.5 g) is added to adjust the pH to 4.35 to complete dissolution.
Darco (1.0 g) and Solka-floc (1.0 g) are added and stirred at 45-55° C for 1 hour. The mixture is
filtered and rinsed with water (10 ml). The filtrate and washings are combined and to this are
added Darco (1.0 g), Solka-floc (1.0 g) and sodium bisulfite (0.4 g). The mixture is stirred for 1
hour at 45-55° C, filtered and rinsed with water (10 ml). 1-BuOH (12 ml) is added to the filtrate
and stirred at 45-55° C. 50% NaOH (6.1 g) is added to adjust the pH to 8.56 at 45-55 °C, in
particular, 50.5° C. The slurry is cooled to room temperature and filtered. Light brown solids
are collected and dried at 65° C and 25” Hg vacuum overnight to give purified oxymorphone

(18.2 g, 60 m mol, 91.0% yield).

Example 5: Oxymorphone HCI from Purified Oxymorphone

[0032] Purified oxymorphone (17.8 g, 59 mmol) is suspended in 94% aq. ethanol (107 ml) and
stirred at 50-60° C. Concentrated hydrochloric acid (32%) is added slowly to adjust the pH to
2.58. The mixture is allowed to cool to room temperature, and then cooled further to 0-10° C,
stirred for 2 hours and filtered then washed with ethanol (3x20 ml). The isolated solids are dried
at 75° C under 25 inches-Hg overnight to give oxymorphone HCI as white solids (17.3 g,
51 mmol, 86.7% yield).

[0033] This Oxymorphone HCl meets the specifications in the USP 2006 monograph for

Oxymorphone Hydrochloride.
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[0034] Although the invention has been described with reference to particular means,
materials, and embodiments, it should be noted that the invention is not limited to the particulars

disclosed, and extends to all equivalents within the scope of the claims.

10
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What is claimed is:
1. A method of preparing oxymorphone or a salt thereof comprising:
oxidizing oripavine to obtain 14-hydroxymorphinone, wherein said oxidizing is
performed in a single step with an oxidizing agent comprising performic acid, peracetic
acid or m-chloroperoxybenzoic acid in a solvent comprising formic acid or acetic 4cid;
and

reducing the 14-hydroxymorphinone to obtain oxymorphone.

2. The method of claim 1 wherein the solvent comprises formic acid when the agent

comprises performic acid.

3. The method of claim 1 wherein the solvent comprises acetic acid when the agent

comprises peracetic acid or m-chloroperoxybenzoic acid.
4. The method of claim 1 wherein the reducing includes catalytic hydrogenation.

5. The method of claim 1 wherein the reducing comprises palladium-catalyzed

hydrogenation.

6. The method of claim 4 wherein the hydrogenation includes hydrogenation at low

pressure.

7. The method of claim 1 further comprising converting the oxymorphoné to an

oxymorphone salt.

{P36198 00677484.DOC} 11

RECEIVED TIME 12 AUG. 18:00
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8. The method of claim 7 wherein the oxymorphone salt comprises oxymorphone

hydrochloride.
9. The method of claim 1 further comprising purifying the oxymorphone or salt thereof.
10. The method of claim 9 comprising recrystallizing the oxymorphone or salt thereof.

11. A method of preparing oxymorphone or a salt thereof comprising:

oxidizing oripavine to obtain 14-hydroxymorphinone in a single step which yields at
least about 90% 14-hydroxymorphinone; and
converting 14-hydroxymorphinone to oxymorphone.

12. The method of claim 11 wherein the con\}erting comprises hydrogenation.

13. The method of claim 12 wherein the hydrogenation comprises palladium-catalyzed

hydrogenation.

14. The method of claim 12 wherein the hydrogenation includes hydrogenation at low

pressure.

15. A method of claim 11, further comprising purifying the oxymorphone or salt thereof.

16. The method of claim 1 wherein the oripavine includes oripavine present in a concentrate

of poppy straw comprising oripavine as the main alkaloid.

{P36198 00677484.DOC) 12

RECEIVED TIME 12. AUG. 18:00
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17. The method of claim 11 wherein the oripavine includes oripavine present in a concentrate

of poppy straw comprising oripavine as the main alkaloid.

18. A method of preparing oxymorphone or salt thereof, substantially as hereinbefore

12 Aug 2013

2007313103

described with reference to any one of examples 1 to 5.

{P36198 00677484.DOC)
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18:00
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