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(54) Title: PROCESSES FOR PREPARING MORPHINAN-6-ONE PRODUCTS WITH LOW LEVELS OF ALPHA, BETA-UN-

SATURATED KETONE COMPOUNDS

sulfus-conlaining
compound

(A)

(57) Abstract: The present invention generally relates to processes for preparing highly pure morphinan-6-one products. The pro-
cesses involve reducing the concentration of o, -unsaturated ketone compounds present as impurities in morphinan 6 one products
or reaction mixtures including morphinan 6 one compounds by treatment with a sulfur-containing compound. (A)
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PROCESSES FOR PREPARING MORPHINAN - 6 - ONE PRODUCTS
WITH LOW LEVELS OF ALLPHA, BETA-UNSATURATED KETONE COMPOUNDS

E OF THE INVENTIO|

[{0001) The present invention generally retates Lo processes for preparing morphinan-6-
one products. The processes involve reducing the concentralion of a,f-unsaluraled ketone
compounds lrom reaction mixlures including morphinan-6-one compounds.

BACKGROUND OF THE INVENTION

(0002) The morphinan alkaloids represent 8 family of sliucturally-relaled products of
graeal medicinal imporianca. Particuler morphinan compounds of phamaceuticat relevance Include,
for example, codaine, hydrocodone, hydromorphone, morphine, nalbuphine, naimefans, naloxone.
nallrexone, oxycodone, and oxymorphons. Generally, these compounds are analgesics, which are
us0d oxtonoively for poln rotiof In \ho field of modicine dus to thelr anlinn as oplale receplor agonisis.
However, naimafone, naloxone, naltrexone, and natirexone methyl bromide are oplate receptor
antagonists, end are used for reversal of narcolic/respiralory depression due (o opiate receptor
agonists, as addiction theraples, and o reverse other undesirable side effacts of oplats agonist use.
such as savera conslipatlon,

{00033 Morphinan compounds ang analogs thereof typically have a ring struclure
generslly corrosponding 1o Formula {1):

‘10004) Varlous methods are known for the eynthesis of morphlnan compounds
corrasponding {o Formula (1). Conventional mathods used In the commercial production of
morphinan compounds typically involve the extraction of oplum alkelolds from gopples (papaver
somnliferum). Genarally speaking, theae processes Involve the extraction of the alkatokds from opium
In a liquid, precipilalion of the alkaloids, separalion of the raw alkalolds (e .g., morphine and secondary
alkaloids such as papaverine, codelne, and thebaine), and purification of the various alkalolds,
optionally followed by semi-synthesls steps lo produce pariicular morphinen compounds. See, for
example, Berbler, A., "The Exlraclion of Opium, Twenly-five yaars of commercial experlence in the
reatment of aplum,” Ann. Pherm. Franc., 1947, 5, 121-40; Barbier, A., “The Exlraction of Oplum
Alkalolds,” Bull. Narcotics, 1950, vol. 3, 22-29; Heumann, W, “The Manufacture of Akalolds from
Oplum,” Bull. Narcatics, 1967, val. 2, 34-40; Lednicer and Milscher, Organic Chemisiry of Orug




30 Jul 2012

2007224221

10

15

20

25

30

- 35

40

Synthesis, chapter 15, (Wiley 1977); French Patent No. 1,000,543 to Penau et al.; British Patent No.
713,689 to Wood et al.; and U.S. Patent No. 2,009,181 to Kabay.

(0005] Synthetic methods for producing various morphinan compounds are also known.
These methods commonly utilize 3-methoxy-phenylethylamine as a starting material and include a
Grewe cyclization step. For example, in U.S. Patent No. 4,368,326, Rice discloses a process for
preparing a nordihydrothebainone (e.g., 1-bromo-N-formyinordihydrothebainone) from a B.,y-
hexahydroisoquinolone (e.g., 1-{2-bromo-4'-methoxy-5*-hydroxybenzyl)-2formyt1,3,4,5,7.8-
hexahydroquinolin-6-one) by Grewe cyclizatioﬁ calalyzed using a super acid catalyst alone or with a
combination of an ammonium fluoride complex and trifluoromethanesulfonic acid.

[0006) Many pharmaceutically desirable morphinan compounds and analogs thereof
have a ketone group on the C-ring of Formula (1) and a saturated bond between the two carbon atoms
positioned a and B to the ketone on the C-ring of Formula (1). According to the common nomenclature,
the ketone is present on the C(6) carbon atom, with the a and B carbon atoms being the C(7) and C(8)
positions (see, e.g., Formula (1)). Thus, these compounds may be referred to as morphinan-6-one
compounds. Various processes for producing morphinan-6-0ne compounds are known, many of which
involve sume form of catalytic hydrogenation of a,B-unsaturated ketone intermediate compounds at
particular points in the process. Commonly used catalysts include, for example, palladium and
platinurﬁ. For example, in U.S. Patent No. 6,177,567 to Chiu et al., 14-hydr6xycodelnone (an a,B-
unsaturated ketone compound) is converted to oxycodone by hydrogenating the a, B-unsaturation
using conventional methods such as reduction by diphenylsilane and Pd(PhsP)/ZnCl;, or with sodium
hypophosphite in conjunction with a Pd/C catalyst in aqueous acetic acid, or by Pd/C catalytic transter
hydrogenation. ‘

[0007] While these and oihm methoas of reducing or removing the a,B-unsaturation are
generally effective, a,p-unsaturated ketone compounds may persist as impurities in the final products of
desirably a,B-saturated morphinan-6-one products, such as oxycodone. Additionally, known
hydrogenation methods may tend to undesirably reduce the ketone as well as reducing or removing the
o, -unsaturation. Further, these and other hydrogenation methods are not normally capable of
efficiently and economically reducing the tevels of 7,8-unsaturation to below 10 to 100 parts per mitlion,
or less. ' .

[0008) Some a.B-unsaturated ketone compounds show mutagernic activity In certain
tests. Therefore, a need persists for processes for preparing highly pure morphinan-8-one products
having a relatively low concentration of a,B-unsaturated ketone compounds present as impurities
therein. ’

The discussion of documents, acts, materials, devices, articles and the like Is included in this ‘
specification solely for the purpose of providing a context for the present invention. It is not suggested or
represented that any or all of these matters formed part of the prior art base or were common general
knowledge in the field relevant to the present invention as It existed before the priority date of each claiin
of this application.

Throughout the description and claims of this specification, use of the word “comprise™ and

variations of the word, such as “comprising” and “comprises”, Is not intended to exclude other additives,
components, integers or steps.

SUMMARY OF THE INVENTION

[0009] Among the various aspects of the present invention is the provision of a process

2
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morphinan-6-one compound and an @,B-unsaturated ketone compound and treating the reaction
mixture with a sulfur-contalning compound. in one embodiment, the sulfur-contalning compound is 8

sulfur-containing inorganic acid or sall thereof,

[0010} Briefly, therefore, the present invention Is directed to a8 process for the.
preparation of a morphinan-6-one product, the process comprising:

farming A raactian mixtura comprising a morphinan-6-one compound and an a,B-unsalurated

ketone compound;

treating the reaction mixture with a sulfur-contalining compound to reduce the concentration of
the g,B-unsaturated ketone compound in the reaction mixture; and

recovering the morphinan-6-one compound 0 produce the morphinan-6-one product;
wherein

[O011] the morphinan-6-one compound commesponds to Formula (2).

(2)

[0013] Xis -N(Rys)- or -N'(Ry7aRym)-:

[0014]) R, and R; are independenly sslected from hydrogen, substituted and
unsubstituted acyl, acyloxy, alkenyi, slkoxy, alkoxyaryi, alkyl, alkylamino, alkyithio, alkynyl, amino,
aryl, arylatkoxy, carboalkoxy, carbony!, carboxyalkenyl, carboxyalkyl, carboxyl, cyano, cyanoatkyl, 1
cycloalkyl, cycloalkylalkyl, cycloalkylether, helo, haloalkoxy, haloalkyl, heteroaryl, heterocyclic,

hydroxyalkyl. hydroxyl, or nitro;
[0015] Rylis hydrogen, hydroxy, protected hydroxy, alkoxy, or acyloxy;
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[0016) Ry is hydrogen, hydroxy, protected hydroxy, halo, keto, losyl, mesyl, or
trifluoromesyt;
[0017] R, Is hydrogen, hydroxy, or protected hydroxy,

[0018] Ry, is hydrogen, alkyl, cycloalkyl, alkylcarboxy, alkylenecycloalkyl,
alkoxycarbonyl, allyl, alkenyi, acyl, aryl, formyl, formyl ester, formamide, banzyl, or an amino-

protecting group: and

{0019] Ry.8nd Ryn are Independently selected from hydrogen, alkyl, alkenyl, aliy,
cycloalkyt, aryl, or benzylyl, and

{0020) the morphinan-6-one compound comprises less than about 0.1% (by weight)
morphinan-8-one praduct of the a,B-unsalurated ketone compound.

[0021] The presentinvention is also directed to a pracess for preparing a morphinan-6-
one product, the process comprising:

forming a reaction mixture comprising an a,jj-unsaturated k€tone compound,

treating the reaction mixture with a sulfur-containing compound to reduce the a,p-unssturated

ketone compaund to form a morphinan-6-one compound; and
recovering the morphinan-6-one compound to form the morphinan-6-one product, {
whereln

[0022) the morphinan-6-one compound corresponds to Formula (2):

(2)

[0023] the a,f-unsatursted ketone compound corrciponda to Formula (3):

{00241 XI5 -N(Rys)- or -N*(Ry7aRy};
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[0025] R, and R; are independently selected from hydrogen, substituted and
unsubstituted acyl, acyloxy, alkeny!, alkoxy, alkoxyaryl, alkyl, alkylamino, alkylthio, alkynyl, amino,
aryl, arytalkoxy, carboalkoxy, carbonyl, carboxyalkenyl, carboxyalkyl, carboxyl, cyano, cyanoalkyl,
cycloalkyl, cycloalkylalkyl, cycloalkylether, halo, haloalkoxy, haloalkyl, heteroaryl, heterocyclic,
hydroxyalkyl, hydroxyl, or nitro; o

[0026]) Rsis hydrogen, hydroxy, protected hydroxy, alkoxy, or acyloxy;

[0027) Rqo Is hydrogen, hydroxy, protected hydroxy, halo, keto, tosyl, mesyl, or
triflucromesyl;

[0028] Ris Is hydrogen, nydroxy, or protected hydroxy; .

[0029] R4 is hydrogen, alkyl, cycloalkyi, alkylcarboxy, alkylenecycloalkyl,
alkoxycarbonyl, allyl, alkenyl, acyl, aryl, formyl, formyl ester, formamide, benzyl, or an amino
protecting group; and

[0030) R.7sand Ryyp are independently selected from hydrogen, alkyl, alkenyl, allyl,
cycloalkyl, aryl, or benzylyl.

[0031) Other aspects and features will be in part apparent and in part pointed out
hereinatter. ‘

DETAILED DESCRIPTION OF THE INVENTION

{0032] The present invention is generally directed to processes for preparing highly pure
morphinan-6-one products. The processes generally involve treating a reaction mixture including a
marphinan-6-one compound and an a,B-unsaturated ketone compound with a sulfur-containing
compound. Advantageously, the process effectively reduces the concentration of undesirable a,8-
unsaturated ketone compounds to acceptable levels withait removing or otharwise offccting other more
desirable compounds or substituent groups or unsaturation thereon. Moreover, the sulfur-containing
compound may be utilized to reduce the concentration of a,B-unsaturated kstone compounds present in
the reaction mixture from levels of about 0.5% (by weight) or more to levels of not more than about 0.1%
{by weight), or lower (e.g., about 0.01% (by weight), about 0.001% (by weight), or lower), with minimal
side reactions, ketone reduction, and/or any other undesirable effects.

MORPHINAN PRODUCTS AND PROCESSES FOR PREPARING THE SAME
[0033] Generally speaking, the morphinan-8-one products of interest in the process of
the present invention include morphinan compounds having a keto group at the C(6) carbon atom on
the C-ring and a saturated bond between the C(7) and C(8) carbon atoms on the C-ring (i.e.,
morphinan-6-one compounds). More specifically, the morphinan-6-one compounds are opiate receptor
agonists or antagonists generally corresponding to Formula (2):
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wherein
[0034] X I8 -N(Ry)-or -N*(Riz.Ry)+

[0035] R, and R, are independently selacted from hydrogen, substituted and
unsubstituted acyl, acyloxy, alkenyl, alkoxy, elkoxyaryl, alkyl, alkylamino, alkyithio, alkynyl, amino,
aryl, arylalkoxy, carboalkoxy, carbonyl, carboxyalkenyl, carboxyalkyl, carboxyl, cyano, cyanoalkyl,
cycioalkyl, cycloalkylalkyl. cycloalkylether. halo, halnalkoxy, haloalkyl, heteroaryl, haterocyclie,
hydroxyalkyl, hydroxyl, or nitro;

{0036] Rjls hydrogen, hydroxy, protected hydroxy, alkoxy, or acyloxy:

[0037] Ry is hydrogen, hydroxy, protected hydroxy, halo, keto, tosyl, mesyl, or
trifluoromesyl;

[0038] R Is hydrogen, hydroxy, or protected hydroxy;

{0039] Ry, is hydragen, alkyl, cycloalkyt, alkylcarboxy, alkylenecycloalkyl,
alkoxycatLunyl, altyt, alkenyl, acyl, aryl, tormyi, tormyl ester, formamide, benzyl, or en amino
protecting group; and

(00401 Rq.@nd Ryn, are independently selected from hydrogen, alkyl, alkenyl, allyl,
cycloalkyl, arvi, or benzyl.

[0041) When R,y is hydrogen, alkyl, atkenyl, cycloalkyl, aryl, or benzyi, salts of the
gecondary or terflary amine can be formed wherein the anion Is chioride, bromide, acetate, formate,
sulfate, bisulfate, bisulfite, oxalate, citrate, malate, tartrate, trifiate, trifluoroacetals, methane sulfonate,
and the like. When X is -N*(Rq7.R1)-. the cnuntar-ion ean be chloride, bromide, lodide,
trifluoroacetate, trifluoromethanesulfonate, methane sulfonate, acetate, p-toluenesulfonate, sulfate,
bisulfate, bisulfite, phosphate, hydrogen phasphate, dihydrogen phosphate, fumarate, oxalate,
formate, tartrate, benzoate, and the like.

[0042] 1n one preferred embodiment, R, is hydroxy or.protected hydroxy. In another
preferrad embodiment, R,4 Is hydrogen.

[0043] In either of the embodiments described above (i.e.; when Ry, is hydroxy or

protected hydroxy or R, Is hydragen), R; Is either alkoxy, hydroxy, or protected hydroxy. In one
parlicular embodiment, Rj is methoxy.
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[0044] In any one of the embodiments described above, X is -N(Ry)- ar -N°(Ry7aR11p)=.
wherein Ry, Ry, 8nd Rin, are defined as above. Where X i3 -N(Ryy)-, In one partioularly preferred
embodiment R¢; Is hydrogen, alkyl, alkenyl, alkylcarboxy, or cycloakyl. Where X Ia‘«N'(R,y.Rm,)-, In
one particularly preferred embodiment Ry, and Ry are Independently hydrogen, alkyl, alkeny, or
cycloalkyl,

[0045] Representative morphinan-6-one compounds correspanding to Formula (2) (and
the varlous preferred substituent group definitions described above) which can be lreated according t0
the process deacribed herain include, for example, oxymarphone, naloxone, nallrexone, naltrexone
methylbromide, nalbuphone, neroxymorphone, hydromorphone, hydrocodane, oxyoodona'.
dlethoxycarbonyi-noroxymorphone, saits thereof, and the like. Additlonally, derivatves of the above
morphinan-6-one compounds which can be treated according to the process described hereln include,
for example, N-demethylated-, 10-hydroxy-, 10-hala, and 10-keto- morphinan-6-one derivatives, thelf
protected analogs, and the like.

[00461 The method of producing the above-described morphinan-6-one compounds for
use In the present invention Is not narrowly critical, and varlous mathods for producing
morphinan-B-one compounds are well known in the arl. For example, commercial processing.
methods for producing morphinan compounds typically invoiva the extraction of an apium alkalold
(e.g., thebaine) from poppies, followed by various conventional precipltation and purlfication steps
known to those of skill in the art. By way of further example, the morphinan-6-one compound
oxycodone may be produced from thebalns In a substantially two-step process, as lliustrated in
Reaction Scheme 1:
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Reaction Scheme 1

Y

oxidation

Thebaine 14-hydroxycodeinone

catalytic
hydrogenation
H;CO

0’4 |

N
oH |
o |
oxycodone I
|

[0047] Alternatively, various synthetic methods for producing the above-described
morphinan-6-one compounds are also known. [n these synthetic methads, a Grewe cyclization i
reaction Is commonly used to form nordihydrothebalnone products such as by the processes
described In U.S. Patent Nos. 4,368,326, 4,410,700, 4,521,601, 4,556,712, 4,013,668, 4,727,146, the
entire disclosures of which are hereby Incorporated by reference herein. Additionally. various
methods useful for the semk-synthesis of morphinan compounds and intermed!ates are known, For
example, U.S. Patent No. 6,177,667 ta Chiu et al. and U.S. Patent No. 6,008,355 to Huang et al.

(each of which Is heruby Inguiputatud Ly reference herein) describe methods for the aynthools of
oxycodone from codeine. These and other conventional praclices are generally applicable In carrying
out tho preparation of morphinan-6-one compounds and a,B-unsaturated ketone compounds that may
be trealed according to the processes described herein.

[0048] As noted above, in the various conventional processes for producing
morphinan-6-one compounds described above, the resuiting morphinan product lyplcally also
includes some amount of an a,B-unsalurated ketone compound present s an impurlty In addition to
the dasired morphinan-6-one compound. The o,B-unsaturated ketone compounds present as
Impurities generally correspond ta Formula (3):
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whereln X, Ry, R, Ra. Ryo, and Ry, are defined as above.
REACTION CONDITIONS

[0049) As noted above, the morphinan praducts produced from conventional processes
for preparing morphinan-6-one compounds also yleld some amount of an a.8-unsaturatad kelone
present as an impurlty; that Is, both the morphinan-6-one compound corresponding o Formula (2)
and the a,B-unsaturated kelone compound corresponding to Formula (3) are present in the morphinan
product.

[0050]) The morphinan products produced from conventional morphinan procassing
methods typically comprise less than about 2% by weight of an a,8-unsaturated ketone compound.
Preferably, the morphinan praducts comprise less than about 1% by welght of an g,f-unsatureled
ketone compound. More preferably, the morphinan products comprise less than about 0.8% by
weilght of an a,B-unsaturated ketane compound. Still more preferably, the morphinan products
compnise less than about 0.5% by weight of an a,8-unsaturated ketone compound. As noted above,
however, it Is desirable to minimize or further minimize the concentration of a,f-unsaturated ketone
compounda present in such products.

[{0051] According to the present Invention, a reaction mixture is formed including 2
morphinan-6-one compound of Formula (2) and an a,B-unsaturated ketone compound of Formuia (3).
The morphinan-8-one compound and the a,B-unsaturated ketone compound may be produced by any
conventional method (such as those descibed above), and the morphinan-6-one compound may
exist as the free base or as a sall, such as the hydrochloride salt. The reaction mixture is treated with
8 aulfur containing cempound to reduce the coneantration of tha n R-unsaturated ketone compound
(either by forming additional morphinan-6-one compound or by facilitating the removai of the
a,B-unsaturated ketone compound), and the morphinan-6-ane compound Is recovered to produce the
desired morphinan-6-one product. This process is ganerically ilustrated in Reaction Scheme 2,
wherein the reaction mixture including the morphinan-6-one compound and the a,-unsatureted
ketone compound is shown In brackets, and X, R,, Rz, Ry, Ryg, 8nd R, are defined as above.
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sulfur-containing
compound

[0052] Various reaction mixtures (bracketed) including a morphinan-6-one compound
and an a,B-unsaturated ketone compound may be treated according to the processes dascribed
herein to yleld various highly pure morphinan-8-one products, as illustrated in Reaction Schemes 3-
10.

10
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According to various embodiments, the reaction mixture Is formed by dissolving

or otherwlise digperging the morphlnan-e-dne compound and the g,B-unsaturated ketone compound in
a media materlal (i.e., 2 morphinan product including the morphinan-6-one compound and the
a,B-unsaturated ketone compound Is dispersed In the media material). The reaction mixture is then
treated with a sulfur-containing compound. Ideally, the morphinan-8-one compound and the
a,B-unsatureted ketone compound are In solution, bute haterogeneous mixture may also be treated
according to the processes described hereln.

_ (0054] The media materal is desirably an agueous media or an aqueous/organic solvent
biphasic media. Exemplary aqueous medta for use in the process of the present invention includes,
for example, water, water/alcohol mixtures, dilute inorganic solvents such as dilute sulfuric acid,
ethereal acivents such as dioxonc or tetrohydrofuron, combinatione thereof, and the like. Fxemplary
organic solvents for use in aqueous/organic solvent biphasic medle Includes, for example, butanone,
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athyl acetate, butanol, diethy! ether, benzene, chloroform, letrachioroethylens, toluens, 1,1,1-
trichlorosthane, carbon tetrachlorde, dibutyl ether, cyclohaxane, hexane, dipentyl ether, heplane,
hexadscane, combinations thereof, and the ilks,

- [0055] Generally, a sufficient amount of medie material to substantially solubilize the
morphinan-8-one compound and the u..Brunsaturated katona compound In the reaction mixture Is
desired. Higher amounts of media materlal may increase the costs of manufacturing, as the more
dilute reaction mixture may requlre additional process cycle time, or require the removal or excess
medlia material during subsequent processing steps.

[0056] The welight ralio of media materia! to morphinan-6-one compound in tha reaction
mixture I8 preferably from ebout 1:1 lo about 50:1. More preferably, the weight ratio of media material
to morphinan-8-one compound in the reaction mixiure Is from about 1:1 to about 25:1. For example,
the weight ratio of media materlal to morphinan-8-one compound in the reaction mixture may be from
about 1:1 to about §:1, from about 1:1 to about 10:1, from about 1:1 to about 15:1, or from about 1:1
to about 20:1. Still more preferably. the weight ratio of media material to morphinan-6-one compound
in the reaction mixture is from about 5:1 to about 25:1. For example, the weight ratio of media
material to morphinan-8-one compound [n the reaction mixture may be from about 5:1 o about 10:1,
from about 5:1 to about 15:1, or from aboul 5:1 o about 20:1. Still more preferably, the weight ratio of
media material to morphinan-6-one compound in the reaction mixture Is from about 5:1 to about 15:1.
For example, the weight ratio of media material to morphinan-6-one compound In the reaction mixture
may be from about 5:1 to about 6:1, from about 5:1 to about 7:1, from about 5.1 to about 8:1, from
about 5:1 to about 9:1, from about 5:1 to about 10:1, from about 5:1 to about 11:1, from about 5:1 to
about 12:1, from about 5:1 to sbout 13:1, or from about 5:1 to about 14:1. Most preferably, the weight
ratio of media material lo morphinan-6-one compound in the reactlon mixture is from about 5:1 to
about 11:1. It will be uncerstood that soms portion of the media materisl may be derived from the
sulfur-conteining compound itself (e.g., as water of hydration).

[0DS7) Optionally, a phase transfer cetelyst may also be edded lo the aqueous/organic
solvent biphasic media. The phase trensfer catalyst Is prelerably any suitable composition for use in
the transfer of reactants (l.e., morphinan-8-one compounds, a,B-unsaturated ketone compounds,
end/or sulfur-contalning compounds) between the aqueous and organic solvent interface. Typically,
tho phasa transfer catalyst Is an ammonium-hased compound, such as a quaternary ammonium salt.
Suitable quaternary ammonium salts for use as phase transfer calalysts Include telraalkylammonium
salts such as, for example, tetramathyl-, tetraethyl-, tetrabutyl-, tetrahexyl-, tetraoctyk-,
methyitriphenyl-, methyltrloctyl-, benzyltrimethyl-, benzyllriethyl-, banzyltributyl-, hexadecyitrimethyl-
ammonlum salts, and the llka. Suitable salis include, for example, hallde, hydroxide, bicarbonate,
bisulfate, thiocyanale, tetrefluoroborate, and the like. Other phase transfer catalysts such as
phosphonium saits may be suilable as well.

[005B8] A varlety of sulfur-containing compounds may ba utilized to treat the reaction
mixture and reduce the concentration of the a,p-unsaturaled kuivi iy compound sccording to the
processes described herein. In various embodiments, the sulfur-containing compound is a sutfur-

13




30 Jul 2012

2007224221

WO 2007/10310S PCT/US2007/005256

containing nucleophile. Ag utliized herein, “nucleophile® refers to an ion or molscule thet donates a
palr of etectrons to an atomic nucleus to form a covalent bond. In other embodiments, the sulfur-
containing compound is a sulfur-containing reducing agent. As utllized herein, “reducing agent” refers
to an agent having the abillity to add one or mors electrons lo an atom, ion or molecule. In eitherof
the two embodlménts described above (i.e., when the sulfur-containing compound is a
sulfur-containing nucleophile or a sulfur-contalning reducing agent), the sulfur-containing compound Is
a compound having the abllity 10 effect the reduction of und/ur a 1,4 addition across the
a,B-unsaturated bond of the a,B-unsaturated ketons compound.

[005S9] In one embodiment, the sulfur-containing compound [s a sulfur-contalning
inorganic acld or salt thereof. Suitable sulfur-containing inorganic acids indude, for example,
hydrosulfuric acid (H2S); sulfurous acid (H;SO,); persulfuric acld (H2S0s); thiosullurous acid (H,Szog);
dithicnous acid (H,S;0,); disulfurous acid (H,S5;0s); dithionic acid (H2S20s); pyrosulfuric acid
(H3S,05): paroxydisulfuric acld (H,S:0,); trithlonic acid (H2S30g); tetrathlonic acld (H;S.O):
pentathionic acid (H,SsOs): chiorosulfonic acid (HSO4Cl); furosulfonic acid (HSO;F): sulfamic acld
(HSO3NH,); salts thereof; and the like.

[0060) Generally, the sulfur-containing inorganic acid salt may be an alkali metal salt or
an alkallne earth metal salt. For example, tha salt may be a monovalent or divalent cation selected
from Li*, Na*, K’. Rb", Cs', Fr’, Be¥", Mg®", Ca®", Sr**, Ba™’, or Ra®". Prefarably, the sall is selected
from the group consisting of LI*, Na*, K*, Mg**, Ca®*, and combinations thereof. .

{0061] Ailternalively, the sulfur-contalning inorganic acid salt may be an ammonium salt
(NH.") or a quaternary ammonium sall. For example, the sulfur-containing Inorganic acid salt may be
o telualkylaled ammonium salt; that is, 8 quaternary ammonium calt eubstituted with four alkyl groups
preferebly having from 1 to about 18 carbon atoms. Suitable tetraalkylated ammonium salts include,
for example, letramethylammonium salls, tetraethytammonium salts, tetrapropylammonium selts,

tetrabutylammonium salts, and the like.

[0062] In one particular embodiment, the sutfur-containing inorganic acid ig dithionous
acid (H,S,0,) or seits thereof. By way of example, salts of dithionous acld include MHS;O and
M;S,0,, wherein M Is selected from alkali melal salts, alkaline earth metal salts, ammonium salit
(NH,). and quaternary ammonium salls. According to this embodiment, the o, B-unsaturated ketone
compound is chemically reduced to form the morphinan-6-one compound upon freaiment with the
sulfur-containing compound, discussed In further detail below,

[0063] Inanother particular embodiment, the sulfur-containing Inorganic acld is selacted
from the group consisting of sulfurous acid (H,SOs); disulfurous acid (H.S;0s); and salts thereof. By
way of example, salts of sulfurous acid and disulfurous acid include MHSO3, M2SQO;, MHS;0s, and
M,S,05 wherein M Is selected from alkall metal salts, alkaline earth metal salts, ammonium salt
{NH,"), and quaternary ammonium salls. According lo this embodiment, lhe sulfur~containing
Inorganic acid or salt thereol is one which dissociates into the blsulfite lon (HSOy') and/or 1he sulfite
Ion {SO,%) In the reaction mixture. 1t will be understood by one of ordinary sklll In the art that
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sulfurous acid (H,SOa) generally exists as a solution of SO, (commonly about 8%) In water. The pKe
of sulfurous acid (H;SO,) is about 1.78 and Its lonization expression Is:

H;0 + SO, « H;SO, - H* + HSOy s H* + SO

According to this embodiment, various 1,2- and 1,4- sulfonated addition products are formed from the
morphinan-6-one compound and the a,B-unsaturated ketone compound by reaction with the bisulfite
ion-and/or the sulfite ion. discussed in further detall below.

[0064) in another particular embodiment, the sulfur-containing compound is a thiol
having the formule: R-SH, whereln R is hydrocarbyl, substituted hydrocarbyi, or heterocyclo. For
example, R may be substilutad or unsubstituted alkyl, alkenyi, alkynyl, or aryl. Exemplary thiols
having the formula R-SH, wherein R is defined as above, include alkyt or ary! thlols such as
methanethiol, sthanethiol, benzenethlol, and the like. Other exempiary thlols include thiocarboxylic
acids and salts thareof (e.g., thiobenzoeic acid) and thiokterminated carboxylic acids and salis thareof
(e.g., thioglycolic acld (mercaptoacetic acid), mercaplopropionic acid, end the like). Still other
exemplary thiols Include amino acids (e.g,. L- or D,L-cystoino), othor thicl-conlaining amines and/or
quaternary salts thereof (e.g., cysteamine HCI, thiocholine, and the like), or polymer-bound thiols
(e.g.. polycystelne, polyvlny!aryllhlol, and the like). In ona preferred embodiment, the thiol is
benzenethiol. Without being bound to one theory, it is belleved that the thio! forms various 1,2- and
1,4- sulfonated addition products from the morphinan-8-one compound and the a,8-unsaturated
ketone compound.

[0065] Theamount of sulfur-contalining compound utilized to treat the reaction mixture
may vary considerably according to the various reaction mixture components (such as the particular
morphinan-6-one compound, the a,B-unsaturatad ketone compound, and/cr the medle malvsial) snd
concentrations thereof, time of reaction, temperature, pressure, and the like. Relalively high usage
rates of sulfur-contsining compound generally offer no significant advantages and tend to waste
chemicals and/or reactor volume.

[0066]) The molar ratio of sulfur-containing compound to morphinan-6-ons compound in
the reaction mixture is typically greater than aboul 0.5:1. Preferably, the molar retio of
sulfur-containing compound to morphinan-6-one compound in the reaction mixture s from about 0.5:1
to sbout 3.0:1. Far example, the molar ratio of sulfur-containing compound to morphinan-8-one
combound In the reaction mixture may be from about 0.5:1 to about 0.8:1, from about 0.5:1 to about
1.0:1, from about 0.5:1 to about 1.5:3, from about 0.5:1 to sbout 2.0:1, or from about 0.5:1 10 about
2.5:1. More preferably, the motar ralio of sulfur-contalning compound to morphinan-6-one compound
in the reaction mixture is from about 0.6:1 to about 2.8:1. For example, the molar ratio of sulfur-
containing compound to morphinan-8-one compound In the reaction mixture may be from about 0.6:1
to about 0.8:1, from about 0.6:1 to about 1.0:1, from about 0.8:1 to about 1.5:1, from about 0.6:1 to
about 2.0:1, or from about 0.6:1 to about 2.3:1. Most preferably, the motar ratio of sulfur-contalning
compound to morphinan-6-one compound In the reaction mixture Is from about 0.8:1 to about 2.5:1.
For example, the molar ratio of sulfur-contalning compound (0 morphinan-6-one compound In the
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reaction mixture may be from about 0.8:1 lo about 1.0:1, from about 0.8:1 to about 1.2:1, from about
0.8:1 10 about 1.4:1, from about 0.8:1 to about 1.6:1, from about 0.8:1 to about 1.8:1, from about 0.8:1
to about 2.0:1, from about 0.8:1 to about 2.2:1, or from about 0.8:1 to about 2.4:1.

{00671 The treatment of the reaction mixture with the sulfur-containing oorhpound may
be carriad out in amblent alr or in an oxygen-free environment. Preferably, the lreatment Is carried
out In an Inert atmosphere such as, for example, argon or nitrogen gas. The treatment is preferably
carried oul at a pressure of from about 0.5 atm o about 2.0 atm. More preferably, the treatment (s
carried oyt at a pressure of from about 0.75 alm to aboul 1.5 atm; most preferably from about 0.9 elm
to about 1.25 atm.

[0068] In various embodiments, the pH of the reaction mixture during treatment with the
sutfur-containing compound Is greater than about 3. Typically, the pH of the reaction mixture during
treatment s less than about 10, although the upper pH limit may depend on the trealment time and/or
solubllity of the various reaction mixture components. Preferably, the pH of the reaction mixture
during treatment with the sulfur-containing compound Is from about 3 to about 9; more preferably from
about 6 to about 9. For example, the pH of the reaction mixture during treatment with the sulfur-
containing compound may be about 3, about 4, about 5, about 8, about 7, about 8, or about 8. Most
preferably, the treatment occurs at a pH of from about 8 to about 7.25. Upon the addition of the
sulfurcontaining compound to the regction mixture including the morphinan-6-one compound and the
a,B-unsaturatad ketone compound, the pH may be adjusted to the desired level (e.g. using a base
such as emmonium hydroxide). Other suitable bases Include, for example, sodium hydroxide,
potassium hydroxide, and the like.

[0069) The time of reaction Is generully a function of the other variahlaes in the reacuon
such as pH, ratlo of media material to morphinan-6-one compound, amount of sulfur-contalning
compound, and the like. Typically, some reduction of the concentration of G,B-unsaturated ketone
compound in the reaction mixture cén be observed after about 1 hour. Prefersbly, the reaction
mixture Is treated with the sulfur-containing compound for at least about 1 hour. In some
embodimants, the time of reaction Is less than about 24 hours. In other embodiments, the time of
reaction is from about 1 hour 10 about 18 hours; In still other embodiments from about 1 hour to about
15 hours; in still other embodiments from about 1 hour to about 10 hours. More preferably, the
reaction mixture i reated wilh the sulfur-eontalning compound for about 1 hour to about 5 hours. For
example, the reaclion mixturc may be trealed with the sulfur-contalning compound for about 1 hour,
for about 2 hours, for about 3 hours, for about 4 hours, or for about § hours.

[0070) The temperalure of the reaction mixture during treatment with the sulfur-
containing compound is generally from about 0°C to about 100°C. For example, the temperature of
the reaction mixture during treatment with the sulfur-containing compound may be from about 10°C to
about 80°C, from about 20°C to about 80°C, or from about 30°C to about 70°C. Preferably, the
tsmperature of the reaction mixture during trealment with the sutfur-containing compound IS abave
room temperature. 1he prelerred reaction temperature nuy vary for each morphinon-6-ono. More
preferably, the temperature of the reaction mixture during treatment with the sulfur-containing
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compound Is from about 30°C to about 50°C. For example, the temperature of the reaclion mixture
during treatment with the sulfur-conlalning compound may be about 30°C, about 35°C, about 40°C,
about 45°C, or about 50°C.

[0071) Once the reatment Is complete or has proceeded as long as desired, the treated
morphinan-6-one compound s recovered to produce the morphinan-6-one product. Advantageously,
the morphinan-6-one compound may be recovered from the reaction mixture without the use of an
organic solvenl. The absence of the need for organic salvents In the recovery process not only
provides various environmental and material handling benefits, but also results in a more efficient
process sultable for Industrial scale applications. Typicafly, the morphinan-6-one compound is
precipilated from the reaction mixture as a base ( or salt If desirable) and may then be readily
converted into a generally more pharmaceutically acceptable form, if so desired. For ¢xample, the pH
of the reaction mixture is typically adjusted to about 9-10 or greater with a suitable base such as
ammonium hydroxide, and the (desired) pracipitaled compound recovered. Genarally speaking, this
pH s at the polnt wherein opium alkaloids are not lonized. The morphlnan-6-one compounds can
then be optionally converted Into a form more physlologically lolerable, such as the hygrochlonde salt,
e.g., oxycodone HCt, uélng conventional methods known to those of skill In the art. For example, the
morphinan-6-one base can be dissolved or otherwise dispersad In water, reacted with an acid such as
HCI, heated, and cooled to precipitate the morphinan-6-one salt. By way of an alternative example,
the morphinan-6-one base can be dissolved or otherwise dispersed In an alcohol solvent (e.g.,
methanol, ethanol, etc.) or a solvent system (i.e., a mixture of solvents), reacted with concentrated
HC! or an HCl/alcohol mixture, and cooled to precipitate the morphinen-6-one hydrochloride salt. By
way of anather example, the morphinan-6-one base can ba dissolved or otherwise dispersed in water,
alcohol solvent, or a solvenlt system, reacled with gaseous HC!, healed, and cooled to procipitato the
mormphinan-6-one hydrochloride sall.

TREATMENT REACTION MECHANISMS

[0072]) Without being bound to one theory, it is believed that the reduction of the
concentration of a,B-unsaturated ketone compounds in the reaction mixture is performed via ditferent
mechanisms, depending on the particular sulfur-contalning compound selected 1o treat the reaction

mixture.

[0073] Inone embodiment, the a,B-unsaturated ketone compound Is reducod by the
sulfur-containing compound to form the desired a,B-saturated morphinan-6-one compound. See, e.g.,
Camps et al., Tetrahedron Letters, Vol. 29, No, 45, 1988, 5811-5814; Louis-Andre et al., Tetrahedron
Letters, Vol. 26, No. 7, 1985, 831-832), By way of axample, dithlonous acld (H;S,0,) and salts
thereof (e.g., MHS,0,4 or M,S,0,, wherein M is defined as above) operate according to this
mechanism; other sulfur-containing compounds, however, may also operate according to the sama or
a similar mechanism. Reaction Scheme 11 generally illustrates the reduction of the @,p-unsaturated
ketons compound (3) to form the desired morphinan-6-ona compound (2) according to this
embodiment, wherein X, Ry, Rz, Rj, Rio, 8iwd Ry ate Jefined as above.
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Reaction Scheme 11
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[0074] In an alternatlve embodiment, various 1,2- and 1,4- éulfonated addition produats
are formed during treatment that assist in the removal of the a,8-unsaturated ketone compounds from
the reaction mixture. As noted above, sevaral sulfur-containing compounds dissoclate into various
sulfur-contalning specles. In particuler, sulfurous acld (H2S0,), disulfurous acid {H;S;0s), and thelr
salts dissociate inlo, among other things, bisuifite (HSOy’) and sulfite (SOs).

[0075] Blsulfite has been shown lo add via radical Inltiation across isolated double bonds
(sese, e.g., March, J., Advanced Organic Chemistry, p- 688, J. Wiley & Sons, 1885, 3d. ed.)‘and/or add
via an lonic mechanism (see, e.g.. Gliben, E.; Sulfonatlon and Related Reactions, p. 152,
Interacience, N.Y. 1965; Patal et al., The Chemistry of Alkenes, p. 478, Interscience, London 1965).
Without being bound to one theory, It Is belleved that when the reaction mixture is treated wilh
sulfurous acid, disulfurous acid, or salts thereof and the pH Is adjusted (o betwesn about 3 and about
9, certain 1,2- and 1,4- addition products and adducts are stably and/or reversibly formed from the
a.8-unsaturated ketone compound and the morphinan-6-one compound. 1t Is further believed that the
pmducts ara generally stable within the pH range of from about 3 to about 9, and adjusting the pH
outside of this range after their formalion from the a,p-unsaturated ketone compounds and the
morphinan-6-one compounds facliitates the removal of the a.(}-unéawra(ed ketone compound from
the reaction mixlure, resulting in a highly pure morphinan-6-one product,

[0076) One preferred embodiment of the present invention Is illustrated in Reaction
Schemes 12A and 128, wherein X, R,, Rz, R;, Ria, 8nd Ry, are defined as above and M s a
monovalent or divalent cation. For example, M may be one or more alksli metal or alkaline earth
metal monovalent or divalent callons from the sulfur-containing compound. Alternatively, M may be
ono or more monovalent or divelcnt cotlons from the atkaline compound (& g., NaOH. KOH. NH.OH.
elc.) used to adjust the pH of the reaction mixtura to belween about 3 and aboul 8 after the addition of
the sulfur-conteining compound to the reaction mixture.
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Reaction Scheme 12A
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{0077) As shown In Reaction Sechemes 12A and 128, various 1,2- and 1.4- sulfonated
compounds are formed from the morphinan-6-one compound (2) {scheme 12A) and the
a.B-unsatureted ketone compoun& (3) (scheme 12B) upon treatment of a reaction mixture including
these compounds with a sulfur-containing compound at a pH of between aboul 3 and about 9. While
it is understood that sulfurous acid, disulfurous acid, and salts theraof operate according to the
mechanism lilustrated In Reaction Schemes 12A, 128, and 12C, other sulfur-conlaining compounds
may also operate according to the same or a similar mechanism. For example, thiols (€.g.,
benzenethiol) may also operate according to the mechanism described In cannection with Reaction
Cchemca 12A, 128, and 12C.
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[{0078] Particularly, when the reaction mixture is treated with a sulfur-contalining
compound and the pH of the reaction mixture is adjusted to between gbout 3 and about 9, the
morphinan-8-one compound (2) forms the reversible, water-soluble 1,2-bisulfite adduct (2A), Once
the reaction mixture is sufficiently in solution in the madia material and/or the sulfur-containing
compound, dissociated sultur specie (such as sulfite and bisulfite) react more readily with the
a.B-unsaturated ketone compound (3) also present in the reaclion mixture.

{0079] As llustrated In Reaction Scheme 12B, one reaction between the a,B-unsaturated
ketone compound (3) and the sulfur-containing compound involves the rapid and reversible 1,2-
addition of the bisulfite to the carbonyi (similar to the reaction of the sulfur-containing compound with
the morphinan-8-one compound illustrated in Reaction Scheme 12A) to torm the reversible 1,2-adduct
(3A) from the a,8-unseturated ketone compound (3). Another reaction between the sulfur-containing
compound and the a,8-unsaturated ketone compound (3) Is the slower 1,4-addition, forming the mora
stable 1,4-addition product (3B). The Introduction of the sulfonate group in the f-pasition generally
enhances the reactivity of the carbony! group by destroying its conjugation with the doubte bong, such
that the reversible product is a 1,2- and 1,4-bis adduct (3C) (see Patai et al., The Chemistry of
Alkenes, p. 478, Interscience, London 1965).

[0080] Reaction Scheme 12C lllustrates the removat of certain addition proguclts formed
in the reaction mixture according to Reaction Schemes 12A and 12B and the resulting highly pure
morphinan-6-one product, wherein X, R,, Ry, Ry, Ry, Rye, 3nd M are defined as above.

Bancion Scneme 12C

1. axading pHt
2. removal of (3B) with
mother liquor mixtwo

(3}

{0081] Asillustrated In Reaction Scheme 12C, the removal of the a,B-unsaturatad
ketone addition producis Is generally based In the differences In solubllity of the 1,4-addition product
(3B) generated from the a,B-unsaturated ketone compound and the desired morphinan-6-one
compound (2). Adjusting the pH outside of the range between about 3 end about 9 (i.e., the pH Is
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adjusted to less than about 3 or the pH Is adjusted to greater than about 9) with an acid (e.g.. sulfuric
acld (H,S0,)) or a base (e.g., ammonium hydroxide (NH,;OH)) results in the decomposition of the 1,2-
addition products of each compound, rendering the deslred morphinan-6-one compound (2) insoluble
In water. The relatively more slable 1,4-addilion product (3B) formed from the a,f-unsalureled ketone
compound remains and Is water-soluble in the final mixiure at an alkaline pH (e.9., pH ~9 or greater).
The 1,4-addition product (38) may thus be removed from the mixture with the mother liquor, leaving
the Insoluble marphinan-6-one base (£). The aesired morphinari-6-uriy buse may then be converted
Into @ more physiologlcally-tolerable salt form, such as.the hydrochloride sah, using metheds known to
those of sklll in the art.

{0082) One particularly preferred embodiment of the present invention is illustrated in
Reaction Schemas 13A and 138, whereln M is defined as above.

sulfur-contalning ‘.—_—&——“ H<g

+ compound

Repction Scheme 138

sulfur-containing
* compound

J<pH<D

H,CO
3<pH<9® o
sulfur-contalning - N~
compound HO OSH "
(208) MO3S (30C)
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[(0083] Asshown in Reaction Schemes 13A and 138, varous sulfonated compounds are
formed from oxycodone (20) (scheme 13A) and the a,8-unsaturated ketone compound 14-
hydroxycodelnone (30) (scheme 13B) upon trealment of a reaction mixtura including these
compounds with a sulfur-containing compound at a pH of betwean about 3 and about 8. As
discussed abova, while it Is generally understood that sulfurous acid, disulfurous acid, and salls
thereof operate according to the mechanism described in Reaction Schemes 13A and 138, other
sulfur-containing compounds may also operate according tu the same or a similar mechanism.

(00841 Particularly, when the reaction mixture Is treated with a sulfur-containing
compound and the pH of the reaction mixture is adjusted lo between aboul 3 and aboul 9, oxycodone
(20) forms the revarsible, water-soluble 1,2-bisulfite adduct (20A). Once the reaction mixture Is
sufficiently in solution in the media material and the sulfur-contalning compound, dissociatad suiiur
specie (such as sulfite and bisulfite) react more readily with the 14-hydroxycodeinone (30) also
present in the reaction mixture.

[0085] Asillustreted in Reaction Scheme 13B, one reection between 14-
hydroxycodeinone (30) and the sulfur-containing compound involves the rapid and reversible
1,2-addition of the sulfite to the carbonyl (similar to the reactlon of the sulfur-containing compound
with oxycodona illusirated In Reaclion Scheme 13A) to form the reversible 1,2-adduct {30A) from
14-hydroxycodeinone. Anothar ceaction between the sulfur-contalning compound and
14-hydroxycodeinone (30) is the slower 1,4-addition, forming the more stable 1,4-addition product
(308). Tha Introduction of the sulfonate group In the B-posilion genarally enhances the reactivity of
the carbonyl group by destroying its conjugation with the double bond, such that the reversible
product Is a 1.2- and 1,4-bis adduct (30C) (see Patal et al., The Chemistry of Alkenes, p. 478,
Interscience, London 1965).

[00B86] Reaction Scheme 13C lllustrates the removal of certain addition praducls formed
In the reaction mixture according to Reaclion Schemes 13A and 138 and the resulling highly pure
oxycodons, wherein M is defined as above.
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[{0087] Aslliustrated In Reaction Scheme 13C, the removal of the 14-hydroxycodeinone
addition products is generally based on the differences in solubility of the 1.4-addilion product (308)
generated from 14-hydroxycodeinone and the desired oxycodone (20). Adjusting the pH outside of
the range between about 3 and about 8 (i.e., the pH is adjusted to less than about 3 or greater than
about 9) with an acid (e.g., sulfuric acid (H,SO,)) or a base (e.g., ammonium hydroxide (NH,OH))
results in the decomposition of the 1,2-addltion products of each compound, rendering the desired
oxycodone (20) insoluble in water, The relatively more stable 1,4-addition product (30B) formed from
14-hydroxycodeinone remains and Is water soluble in the final mixture at an alkaline pH (e.g., pH ~9
or greater). The 1,4-addition product (30B) may thus be removed from the mixture with the mother
liquor, leaving the insoluble oxycodone base (20). The oxycodone base may then be converted into a
movra physiologically-tolerable salt form, gsuch as the hydrochlorlde salt, using methods known to those
of skill in the art.

REMOVAL OF RESIDUAL SULFUR-CONTAINING SPECIES FROM THE
REACTION MIXTURE

[0088] Using the process described hersin to reduce the concentration of a,f~
unsaturated ketone compounds from a reaction mixture by tresting the reaction mixture with a sulfur-
containing compound may result in the undesirable accumulation of resldual sulfur-conlalning species
(such as sulfitas and bisulfites) In the reaclion mixture and/or final morphinan-8-one product.
Accordingly, the residual sultur-containing species may be oplionally substantially removed from the
reaclion mixture following the treatment with the sulfur-containing compound using a varlaty of
methods known to those of skill In the art.

[0089] As described above, In various embodiments 1,2- and 1,4- sulfonated addition
products may be formed by the reaction of & sulfur-containing sompound with the marphinan-8-ona

compound and the a.B-unsaturated ketone compound et & pH of batween about 3 to about 9. The
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adjustment of the pH outside of this range eliminates the 1,2-addition products, renders the
morphinan-6-one compound Insoluble In water, and the remalning water soluble 1,4-addition product
can be removed in the waste siream.

(0090] To optionally substantially remove the reslduel sulfur-containing species upon
completion of the reaction with the sulfur-containing compound, the pH of the reaction mixture may be
adjusted to l0ss than about 3 (instead of adjusting the pH to greater than 8) with an acld (e.g., sulfuric
acld (H;S0,)) and manipulated prior lo the precipltation of the morphinan-6-one compound as
described in detall above. More preferably, the pH is adjusted to less than about 2. The reduction in
pH converts any residual sulfur species that may be present in the reaction mixture into SO gas,
which typlcally has a limited solubility in water. In one embodiment, the SO, gas may then be
optionally haat refiuxed out of the reaction mixlure by conventional means known to those of skill in
the art. Typicelly, lhe reaction mixture is heat refluxed for about 2 haurs to about 5 hours. The
temperature and presgure during reflux are also generally variable. For example, the temperature of
the reaction mixture during reflux is typlcally from about 20°C to about 100°C. and the reflux may be
performed at a pressure 6f from about 0.003 atm 1o about 1.0 atm. Alternatively, sudstantially ail of
the water (and the SO, gas) may be optionally distiiled off to a recelver tank and discarded. This
procedure Is also generally known to those of skill in the art.

f0091] Aas discussed above, afler treatment of the reaction mixture with the sulfur-
containing compound to reduce the concentration of the a,3-unsaturated ketone compound in the
reaction mixture, the morphinan-6-one compound Is recovered to produce the desired morphinan-8-
one producl. Generally speaking, recovery refers to one or more of the precipitation, filtration and
drying of the morphinan-6-one basge, the formation of the physiotoglcally acceptable marphinan-6-one
salt (e.g., the hydrochloride salt), the removal of the residual sulfur-containing species, and/or
combinations thareof, to produce a morphinen-6-one product.

[0092] The treatment of the reaction mixture with a sulfur-containing compound
according to the various processes and embodiments described herein significantly reduces the
concantration of a,B-unsalurated ketone compounds in the reaction mixture, and a highly pure
morphinan-8-one product may be produced therefrom. Typlically, the morphinan-6-one product
compﬂses less than about 0.1% (by weight morphinan-8-one product) of an a,B-unsaturaled ketone
compound. For example, the morphinan-8-one produict may comprise less than about 0.05% (by
weight morphinan-6-one product) of an a,8-unsaturated ketone compound Preferably, the
morphinan-8-one product comprises less than about 0.01% (by welght morphinan-8-one product) of
en a,B-unsatureted ketone compound. For example, the morphinan-6-one praduct may comprise less
than about 0.008% (by weighl morphinan-6-one product) of an a,B-unsalurated ketone compound.
More preferably, the morphinan-6-one product comprises less than about 0.001% (by weight
morphinan-B-one product) of an a B-unsaturated ketone compound. For example, the morphinan-6-
one product may comprise less than about 0.0005% (by welght morphinan-6-one product) of an
0.B-unsaturated kntane compound. Still more preferably. no detectable amount of an o,B-unsaturated
ketone compound is present in the morphinan-6-one product.
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REVIATIONS AND D T

[0093] The following definitions and melhods are provided to beatter define the present
invention and to gulde those of ordinary skill in the art in the practice of the present invention. Unless

‘otherwise noted, terms are to be understood according to conventlonal usage by those of ordinary

skill In the relevant art.

{0094] Tha term “alkyl® as used herein desrrihes groups which are praferably lower alkvl
contalning from one to eight carbon atoms In the prncipal chain and up to 20 carbon atoms. They
may be siralght or branchad chain or cyclic and include methyl, ethyl, propyl, isopropyl, allyl, ‘benzyl,
hexy! and the like.

[0095] The term “alkenyl" as used hereln describes groups which are preferably lower
alkenyl containing from two la eight carbon atoms In the principal chain and up to 20 carbon atoms.
They may be straight or branched chain or cyclic and inchude elhenyl, propenyl, isopropenyl, tuteny,
Isobutanyi, hexenyl, and the like.

[0096) The term “alkynyl® as used herein describes groups which are preferably lower
alkynyl containing from two to eight carbon atoms in the principal chain and up ta 20 carbon atoms.
They may be streight ar branched chain and inciude ethynyl, propynyi, butynyl, Isobulynyl, hexynyl, \
and the like. \

[0097) The term “aromalic” as used herein alone or as part of another group denotes
optionally substituted homo- or heterocyclic aromatic groups. These aromatic groups are preferably
monocyelic, bicyclic, or tricyclic groups containing from 8 to 14 atoms In the ring portion. The lerm
“aromatic® encompasses the “aryl” and “heteroaryi” groups dafined below.

{0098) The lerm "aryl" as used herein alone or as part of another group denots optionally
substituted homocyclic @romatic groups, preferably monocyclia or bicyclic groups containing from 6 to
12 carbons In the ring portion, such as phenyt, biphanyl, naphthyl, substituted phenyl, substituted
biphenyl or substituted naphthyl. Pheny! and substituted pheny! are the more preferred ary.

[0099] The terms "halogen,” “halide® or "halo" as used herein alone or as part of another

group refer to chiorine, bromine, fluorine, and lodine.
[0100]) The term “heteroatom® shall mean atoms other than carban and hydrogen.

{0101] The lerms “heterocyclo® or "heterocyclic™ as used herein alone or as part of
another group denols optionally substituled, fully saturated or unsaturated, monocyclic or bicyclic,
aromatic or non-aromatic groups having st least cne heteroatom In at least one ring, and preferably 5
or 6 atoms In each ring. The heterocyclo group preferably has 1 or 2 oxygen atoms and/or 1 to 4
nitrogen atoms in the ring, and Is bonded to the remainder of the molecule through a carbon or
heteroatom. Exemplary heterocyclo groups include heteroaromatics such as furyl, pyridyi, oxazolyl,
pyrrolyl, indolyi, quinotinyl, or isoquinolinyl and the lika. Exemplary substituents Include one or more
of the following groups: hydrocarbyl, ubatitutcd hydrocarbyl, hydroxy, protected hydroxy, acyl,
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acyloxy, alkoxy, slkenoxy, alkynoxy, aryloxy, halogen, amido, amino, cyano, ketals, acetals, esters
and ethors.

[0102) The term “heteroaromalic” s used hereln alone or as part of anather group
denote optlonally substituted aromatic groups having at least one heteroatom In at least one ring, end
preferahly 5 or 8 aloms in each ring. The heteroaromatic group preferably has 1 or 2 oxygen atoms, 1
or 2 sulfur atoms, and/or 1 to0 4 nitrogen aloms In the ring, and may be bonded to the remainder of the
molecule through a carbon or heleroatom. Exemplary hateroaromatics Include furyt, thienyl, pyridyl,
oxazolyl, pyrrolyl, indolyl, quinolinyl, or isoquinolinyl and the lke. Exemplary substituents include one
or more of the following groups: hydrocarbyl, substituted hydrocarbyl, keto, hydroxy, protected
hydroxy, acy!, acyloxy, alkoxy, alkenoxy, alkynoxy, aryloxy, halogen, amido, amino, nitro, cyano, thiol,
ketels, acetsls, esters and ethers. )

[0103) © The term “acyl," as used hereln alone or as part of another group, denotes the
molety formed by removal of the hydroxy group from the group -COOH of an organlc carboxylic acid,
6.9., RC(O)-, wherein R Is R, R'O-, R' R?™N-, or R'S-, R' is hydrocarby!, heterosubstituted
hydrocarbyl, or heterocyclo, and R? Is hydrogen, hydrocerbyl or substituted hydrocarbyl.

(0104] The term "acyloxy,” as used herein alone or as part of another group, denotes an
acyl group as described above bonded through an oxygen linkage (-0-), 6.9.. RC(O)O- wherein R is
as defined in connection with the term “scyl.”

{0105) The term "heteroaryl" as used herein alone or as part of another group denote
opﬁonany substituled aromatic groups having at least one heteroatom in at least one ring, and
preferably 5 or 6 atoms In each ring. The heteroaryl group praferably has 1 or 2 oxygen atoms and/or
1 to 4 nitrogen atoms in the ring, and is bonded to lhe remainder of the molecule through a carbon.
Exemplary heteroaryls include furyl, benzofuryl, oxazolyl, [soxazolyl, oxedlazolyl, bcnzoxazolyl,
benzoxadlazolyl, pyrrolyl, pyrazolyl, imidazolyl, trlazolyl, telrazalyl, pyridyl, pyrimidyl, pyrazinyl,
pyridazinyl, indotyl, isoindolyl, indolizinyl, benzimidazoly, indazolyl, benzotriazolyl,
tetrazolopyridaziny!, carbazolyl, purinyl, quinoliny, Isoquinolinyl, imidazopyridyl and the like.
Exemplary substituents include one or more of the following groups: hydrocarbyf, substituted
hydrocarbyl, hydroxy, protacted hydroxy, acyl, acyloxy, alkoxy, alkenoxy, alkynoxy, aryloxy, halogen,
amido, amino, cyano, ketals, acetals, eslers and sthers.

f0106) The terms "hydrocarbon® and “hydrocarbyl” as used herein describe organic
compounds or radicals consisling exclusively of the elements carbon and hydrogen. These moieties
Include atkyl, alkenyl, alkynyl, and aryl moleties. Thesae moleties also include alky!, alkenyl, atkynyl,
and aryl moieties substituted with other aliphatic or cyclic hydrocarbon groups, such as alkaryl,
afkenary! and alkynaryl. Unlass otherwise Indicated, these moleties preferably comprise 1 to 20
carbon atoms.

[0107} The “substiluted hydrocarbyl” moieties described herein are hydrocarbyl moleties
which are substituted with at least one atom other than carbon, includina moleties in which a carbon
chaln atom Is substituted with a hetero atom such as nilrogen, oxygen, sificon, phosphorous, boron,
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sulfur, or a halogen atom. These substituents include halogen, heteracyclo, alkoxy, alkenoxy, arylaxy,
hydroxy, protected hydroxy, acyl, acyloxy, nitro, amino, amido, nitro, cyano, ketals, acelals, estars and
ethers.

[0108) The term “hydroxy protecting group® refers to hydrocarby! and substituted
hydrocarbyl moieties which bond ta an hydroxy oxygen atom in a molecule so as to protect that
oxygen atom from further reaction during synthesis. This protection allows reactions to occur
selectively at another reaction site on the same molecule. Examples of hydroxy protecting groups
include, but are not limited to, ethers such as methyl, t-butytl, benzyl, p-methoxybenzyl, p-nitrobanzyl,
aliyl, trityl, methoxymathyl, methoxyethoxymethyl, ethoxyathyl, tetrahydropyranyl,
tetrahydrothlopyranyl, and trlalkyisllyl ethers such as trimethyisilyl ether, triethylslly! ether,
dimathylaryisiiyl athar, trllsopropyisilyl ether and t-butyldimethylsilyt ether; esters such as benzoyl,
acetyl, phenylacelyl, formyl, mono-, di-, and trihaloacety! such as chloroacetyl, dichioroacetyl,
trichloroacetyl, trifluoroacetyl; and carbonates including but not limited to eikyl carbonates having from
one to six carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl; isobutyl, and n~
pentyl; alkyl carbonates having from one to six carbon atoms and subslituted with one or more
halogen atoms such as 2,2,2-trichlorcethoxymethyt end 2.2,2-trichioroethyl; alkenyl carbonates having
from two to six carbon aloms such as vinyl and allyl; cycloalkyl carbonates hava from three 10 six
carbon atoms such as cyclopropyl, cyclobutyl, cyclopenty! and cyclohexy!; and pheny! or benzyl
carbonates optionally substituted on the ring with one or mare C,4 alkoxy, or nitro.

[(0109) Having described the invention in detail, it will be apparent that modifications and
variations are possible withoul depanring the scope of the Invention defined in the appended claims.
Furthermore, it should be apprsciated that all examples in the present disclosure are provided as non-
limitlng examples.

EXAMPLE 1

[0110] Inthis Example, an oxycodone HCI sample was treated with a sulfur-containing
compound according to the processes described herein.

[0111] To a 250 ml, 3 neck round bottom flask equipped wilh 8 mechanical stirrer, N,
inlet, and thermocouple for temperature control was added 10 g of oxycodone HC! (0.028 moles;
~0.3% by wolght 14-hydroxycodeinone (14-OHC) impurity). Next, with mixing 100 g of deoxygenaled
water (10 minute N; purge) was sdded. The solution pH was adjusted (o about 8 with ammonlum
hydroxide. Next, 5.0 g of sodium dilhionite (Na,$,0.) was added. The pH was then adjusted to about
7 with concentrated ammonium hydroxide. The resulting mixture was stirred at 70°C for about 16
hours.

[0112] Atter about 16 hours, the pH was adjusted to about 8 with ammonium hydroxide,
precipitating the oxycodone base. The mixture was stirred for about 1 hour, and the precipitated
oxycodone base was filtered, washed with waler, and dried overnight at 40°C under reduced
pressure.
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[0113] The oxycodone base sample was converted to the oxycodone HCI salt by
dissolving about 14.5 g of the oxycodone base in a 100 ml, 3 neck round botlom flask equipped with a
mechanical stirrer, Na inlet, and thermocouple for temparature control. Next, with mixing about 29 g of
H,0 and about 12,6 g of concentraled HCl was added. The rasulting mixture was heated to aboul
65°C-75°C until substantially all was in solution. The heal was then removed, resulting in the
precipitation of the oxycodone HC) salt. The precipitated mixture was stirred for about 1-3 hours at
less than about 10°C and filtered lo collect the precipitated oxyoodone RCI,

[0114] The t4-hydroxycodsinone (14-OHC) content was analyzed In the oxycodone
base sample and the oxycodone HCI sample using an Agilent HPLC with MS interface capability. The
results are illustrated in Table 1.

TABLE 1
nllal 14- | Finel 14-OHC content
OHC content
(% bywt.) | Oxycodone base (% | Oxycodone HCI
by wt.} (% by wt.)
0.3 0.0005 0.0005

EXAMPLES 2A-2G

{0115] In Examples 2A-2G, an oxycodone HCI sample was treated with a sulfur-
contalning compound according to the processes described hergin. The treatment wes performed at
various temperalures, times of reaction, concentration of reactants, and pH.

EXAMPLE 2A

[0116) Yo a 100 ml, 3 neck round bottom (lask equipped with a mechanical stirrer, N2
inlet, and thermocouple for temperature control was added 9.2 g of wel oxycodone HCI (0.02 moles;
0.13% by weight 14-hydroxycodelnone (14-OHC) impurity). Next, with mixing 36.2 g of H,0 and 40.3
g of 8 wt. % SO,/H,0 solullon was added. The resulting mixture was heated to sbout 30°C and tha
solution pH was adjusted to ebout 6 with ammonium hydroxide. The mixture was stirred for about 3
hours. The pH of the mixture was then adjusted ta aboul 8.8-9.8 with concentrated ammonium
hydroxide and stired for about 30 minutes. The precipitated oxycodone base was then filtered from
the mother liquor, washed with about 25,73 g of H,0, and dried. The 14-hydroxycodelnone content
(14-OHC) in the oxycodone base was then measured as described In the preceding Example.

[0117] The experiment was repeated using identical reegents, amounts théreof. and
conditions to form the oxycodone base semple. This oxycodone base sample was converied to the
oxycodone HCI salt as described in the preceding example. The 14-hydroxycodelnone content (14-
OHC) In the oxycodone base sampfe and the oxycodone HCI sample were then measured.

[0118] Resulls and reaction conditions for this experiment are illustrated in Table 2.
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TABLE 2
Initlal Fi o tent
Concentration RM:;'B;, r; 4? inat 14-OHC conten
Time atlo
Trial Tem;:%ralure m pR | (9 HOperg SO, to on":g“ Oxycodone | Oxycodone.
Q) (hr.) Oxycodona | Oxycodone | %" | base (% by | HCI (% by
HCH) HCI (% by wt.) wt)
wt.)
1 30 10.2 1.8:4 0.13 0.0007 Nol tested
2 30 10.2 1.8:1 0.13 0.0007 0.0007
ExampLe 28
{0219) This Example was performed according to the process described In Example 2A.

However, In this Example 9.4 g of wet oxycodone HCI (0.02 moles; 0.13% by weight
14-hydroxyooduinono (14-OHC) impurity) was mixed with sbout 34.8 g of H,0O and about 274 gof 6

wt. % SO,/H,0 solution. The mixture was heated to about 30°C. Next, the pH was adjusted to about
7 using ammonlum hydroxide.

10120)

The rasulling mixture was allowed to react (or either 1 hour or § hours. At the

end of the desired reaction time, the solution was adjusted to a pH of 8.8-9.8 with about 2.0 g of
concentrated ammonium hydroxide and stirred for about 30 minutes. The solids were filtered and
washed with about 28.0 g of H20 and dried. The 14-hydroxycodeinone (14-OHC) conlent in the
resulting oxycodone base was measured, as was the 14-hydroxycodelnone (14-OHC) content In the
oxycodone HCI salt formed according to the method described In the preceding example. The results
and reaction conditions in the various trials are lllustrated in Tabfe 3.

TABLE 3
Inltial inal 14-OHC tent
Concentrotion Rh:g?:) . “,4.3 Fina conen
T
Triel | Temperature | T oy | (gHaOperg | 50,10 | OMC | Oxycodane | Oxycodone
(*c) (hr.) Oxycodone -| Oxycodone | 2MeM | base (% by | HCI (% by
HCY) HC! (% by wt.) wt)
wt.)
3 50 1 7 8.2 1.2:1 0.13 None None
detected detected
4 50 E) 7 8.2 1.2:1 0.13 0.00005 0.0005
ExampLe 2C

[{0121] This Example was performed according to the process described In Example 2A.
However, In this Example 9.1 g of wet oxycodone HCI [0.02 moles; 0.13-0.14% by weight
14-hydroxycodelnone (14-OHC) impurity) was mixed with about 7.0 g of H,0 and about 52.8 g of 6
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wt. % SO,3/H,0 solution. The mixture was heated lo elther 10°C or 50°C. Nexi, the pH was adjusted
to 7 using ammonium hydroxide. '

[0122] The resuiting mixture was allowed to react for elther 1 hour or § hours. At the
end of the desired reaction time, the solution was adjusted to a pH of 8.8-9.8 with about 2.0-2.5 g of
concentrated ammonium hydroxide and stirred for about 30 minutes. The solids were filtered and
washed with about 28.0 g of H,O and drled. The 14-hydroxycodeinone (14-OHC) content In the
resulting oxycodona base was measured, as was the 14-hydroxycodeinone {(14-OHC) content in the
oxycodone HCl szlt formed by the method described in the preceding example. The resuils and
reaction conditions in the various trlals ere illustrated in Table 4.

TABLE 4
Initiel | Finat 14-OHC content
Concentration RM:?'B"r r; 4? na contan
Time atioo
Trial Tempoecralure pH | (@H:Operg [ 5O, 10 Oﬁic‘ Oxycodone | Oxycodane
e (rr.) Oxycodone | Nwyrardana | 0NNt | bage (3 by | HCI (% by
HCl) HC! (% by wt.) wt)
wt.) :
5 |  s0 1 7 8.2 2.4:1 0.13 None 0.0006
_ detected
8 50 5 |7 8.2 2.4:1 0.13 0.00015 0.0004
7 10 5 |7 82 241 | 0.4 0.001 Nol tested
EXAMPLE 20.

{0123) This Example was performed according lo the process described in Exampla 2A.
However, in this Example 9.62 g of wet oxycodone HCI (0.02 moles; 0.13% by weight
14-hydroxycodeinone (14-OHC) Impurity) was mixed with about 72.24 g of H,O and about 27.76 g of
B wt. % SO2/H,0 solution. The mixture was heated to about S0°C. Next, the pH was adjusted to |
about 7 using ammonlum hydroxide. :

[0124]) The resulting mixtura was allowed to react for either 1 hour or § hours. At the
end of the deslied jgacllun tirne, Uiw sulullon was sdjustud 10 8 pH of 8.6-8.8 with atout 2.0-2.5 g of
concentrated ammonium hydroxide and stirred for about 30 minutes. The solids were filtered and
washed with about 28.0 g of H,0 and drled. The 14-hydroxycodeinone (14-OHC) content in the
resuling oxycodone base was measured, as was the 14-hydroxycodelnone (14-OHC) content bn the
oxycodone HCl salt formed by the method described in the preceding exemple. The rasults and
reaction conditions in the various trials are illustrated in Table 5.
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TABLES
Initial Final 14-OH lent
‘ Concentration RMSLBLI 14- inal 13-OHC conten
Time a :
Trial Tem?%ralure me pH | (9HOperg SO, to ooonpl‘gwt Oxycodone | Oxycodone
) (hr.) Oxycodone | Oxycodone | %P'e™ | basa (% by | HCI (% by
HCl) HC (% by wt.) w)
wt.) :
8 50 v | r 13.1 1.2:1 0.13 0.0002 0.0003
9 50 5 7 13.1 1.2:1 0.13 None 0.0004
detacled
ExampLe 25
[0125] This Example was performed according to the process described in Example 2A.

However, in this Example 9.6 q of wet oxycodone HCI (0.02 moles; 0.13-0.14 % by walght
14-hydroxycodelnone (14-OHC) impurity) was mixed with about 39.7 g of H,0 and about 55.6 g of 6
wt. % SO,/H;0 solution. The mixture was hested to sither 10°C or 50°C. Next, the pH was adh._vsted

to about 7 using ammonium hydroxide.

[0126]) The resulting mixturs was allowed to react for either 1 hour or 5 hours. Atthe
end of the desired reaction time, the solution was adjusted to a pH of 8.8-9.8 with about 2.0-2.5 g of
concentrated ammonium hydrox(de and stirred for about 30 minutes. The solids were filtered and
washed with about 30.8 g of H;0 and dried. The 14-hydroxycodeinone (14-OHC) content in the
reaulting exycodonc baso wos moasurod, as wae the 14-hydroxycodeinana (14-OHRC) content in the
oxycodone HCI salt formed by the method described in the preceding example. The results and
reaction conditions in the various trials are illustrated in Table 6.

TABLE 6
Initial Final 14-OHC content
Concentration RM??;! 14-
Time - ati
Trial Tem{)gecraturo pH | (gHOperg SO, to o:gu Oxycodone | Oxycodone
) (hr.) Oxycodons | Oxycodonc | e | base (% by | HCH (% by
Hel) HCI (% by wt.) wt.)
wt.)
10 50 1 7 123 2.4:1 0.13 None 0.0004
detected
11 50 6 7 123 2.4:1 0.13 None 0.0004
detected
12 10 5 7 123 2.4:1 0.13 0.0008 Not tested
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Exampre 2F

[0127] Toa22L, 3neck round bottom flask equipped with a mechanical stirrer, N, inlet,
and thermocouple for temperature contro! was added 1840 g of wet oxycodone HCI (4.27 moles;
0.13% by welght 14-hydroxycodeinone (14-OHC) lmpurlly). Next, with mixing 2708 g of H,0 and
7717 n of 6.4 wi. % SOJSH,0 solution was added. The resulting mixture was heated to about 40°C
and the solution pH was adjusted to aboul 7 using concentrated ammonium hydroxide. The mixture
was stirred for about 8 hours. )

[0128] After about S hours, the solution was adjusted to a pH of about 1.7 with the
addition of 293.0 g concentrated sulfuric acid (36-98%). The pressure was slowly reduced to about
0.28 atm to 1acllltaie the distillation/removal of unreacted SO,. As the distillation progressed, 23.4 g of
concentrated sulfuric acid was added as the pressure was decreased to aboul 0.11 etm and the
solution temperature was Increased to about 50-55°C.

(0129]) The solution was then cooled to about 30°C and the solution pH adjusted to
about 8.5-10 with concentrated ammonium hydroxide. Tha colulion wag stirred for about 30 minutas
and filtered. The solids were filtered and washed with about 2000 g of H,O and dried. The
14-hydroxycodeinone (14-OHC) content in the resulting oxycodone base was measured, as was lhe
14-hydroxycodelnone (14-OHC) content in the oxycodone HCI sall farmed by the method described in
the preceding example. The resulls and reaction conditions are Hiustrated in Table 7.

TABLE 7
Initial Final 14-OHC content
T ‘Concentration R“;?rf;r bys ne
Triat Tem(p.ecr)ature me pH | (@H:Operg S0; to c?n*:cnl Oxycodone | Oxycodone
(hr.) Oxycodone | Oxycodone C(% g base (% by | HCI (% by
HCl) HCi v wt.) wt.)
wi.)
13 40 6 7 6.6 1.8:1 0.13 0.0001 0.0005
EXAMPLE 2G

[0130] To a 50 ml, 3 neck round bottom flask equipped with a machanical stirrer, Nz
inlet, @nd thermocouple for temperature conlrol was added 3.33 g of axycodone HCI (0.0095 moles;
0.2% by weight 14-hydraxycodeinone (14-OHC) impurity). Next, with mixing 33.3 g of Hz0 and 0.83 g
of sodium bisulfite was added. The resulling mixture was heated to about 30°C and the solution pH
was adjusted to aboul 7 with ammonium hydroxide. The mixture was stirred for about 15 hours. The
pH of the mixture was then adjusted to about 8.8-9.8 with concentrated ammonium hydroxide end
stirred for about 60 minutes. The precipitated oxycodone base was then flitered from the mother
liquor, washed with about 10.0 g of H,0, and dried. The 14-hydroxycodeinone (14-OHC) content in
the resulting oxycodone base was measured, as was the 14-hydroxycodeinone (14-OHC) content In
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the oxycodone HCI salt formed by the method described in the preceding example, The results and
reaction conditions In the various trials are illustrated in Table 8.

TABLE 8

Initial Final 14- tent

Concentration R'ZS?;, r;: nal 14-OHC conten
Trlel Temp.ecvature Time p'1| (@HOperg 80, o on'.:cl Oxycodono | Oxycodone
e (hr.) Oxycodone | Oxycodone °°% gn base (% by | HCI (% by

HCI) HCI (% by wt.) wt.)
) )
14 30 15 7 10 0.84:1 0.2 0.0004 0.0004
EXAMPLE 3

[{0131] !nthis Example, an oxymorphone HCl sample was trested with a sulfur-
containing compound according to tho proceasos doseribed harein.

(0132] To a 250 ml, 3 neck round boltom flask equipped with a mechanlcal stirrer, N,
inlet, and thermocouple for temperature contro! was added 150 g H,O and 15 g oxymorphone HCI
sample (0.044 mcles; 0.3-0.5% by welght 14-hydroxymorphinone (14-OHM) impurity). Nex, 7.5 g of
sodium bisulfite (NaHSOQ;) was added. The pH was then adjusted to about 7 with concentrated
ammonlum hydroxide, and the resulting-mixture was slrred at 23°C for ebout 16 hours.

[0133] After about 16 hours, the pH was adjusted o about 8.8-8.8 with ammonium
hydraxide and the solution was cooled to aboul 20°C. The precipltaled oxymorphone base was
filtered, washed with water (about 45 g), and dried for 4 hours at 65°C.

[0134] The oxymorphone base sample was analyzed using the methods dascribed
above, and the sample contained no detectable emount of 14-hydroxymorphinone or 14-
hydroxycodelnone. This experiment was repeated using a 6 wt. % SO,/H,0 solution in place of
sodium bisulfite and simflar results were obtained.

EXAMPLE 4

{01351 In thic Example, oxycodone base was treated with a thiol acenrding to the
processes described herein.

[0136] To a25ml, 3 neck round boltom fiask equipped with a machanical stirrer, N;
Inlet, and thermocouple for temperature control was added 3.0 g oxycodone base (0.01 moles; 0.3-
0.5% by weight 14-hydroxycodeinone (14-OMC) impurity). Next, 18 g of chloraform was added, and
the mixture was stirred at 70°C until the oxycodone base was dissolved. After the mixture was
substantially homogenous, 1.6 g of benzenethliol was added 1o the mixture with stirring.
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[0137] After about 16 hours, a sample was analyzed using the methaods described In the
preceding examples. HPLC area percent analysis indicated a 14-hydroxycodeinone level of less than
about 0.0022%.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the preparation of a morphinan-6-one product, the

process comprising:

(6]

forming a reaction mixture comprising a morphinan-6-one compound and an
a,B-unsaturated ketone compound;

treating the reaction mixture with a sulfur-containing compound to reduce the
concentration of the a,B-unsaturated ketone compound in the reaction mixture,
provided that the sulfur-containing compound is not a thiol; and
10 recovering the morphinan-6-one compound to produce the morphinan-6-one
product; wherein

the morphinan-6-one compound corresponds to Formula (2):

(2)

(3)

15
Xis -N(R17)- or - N* (R17aR17b)-;

Ry and R; are independently selected from hydrogen, substituted and

unsubstituted acyl, acyloxy, alkenyl, alkoxy, alkoxyaryl, alkyl, alkylamine, alkynyl,
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amino, aryl, arylalkoxy, carboalkoxy, carbonyl, carboxyalkenyl, carboxyalkyl, carboxyl,
cyano, cyanoalkyl, cycloalkyl, cycloalkylalkyl, cycloalkylether, halo, haloalkoxy,
haloalkyl, heteroaryl, heterocyclic, hydroxyalkyl, hydroxyl, or nitro;

R; is hydrogen, hydroxy, protected hydroxy, alkoxy, or acyloxy;

Rio is hydrogen, hydroxy, protected hydroxy, halo, keto, tosyl, mesyl, or
trifluoromesyt,

R14 is hydrogen, hydroxy, or protected hydroxy;

Rz is hydrogen, alkyl, cycloalkyl, alkylcarboxy, alkylenecycloalkyl,
alkoxycarbonyl, allyl, alkenyl, acyl, aryl, formyl, formyl ester, formamide, benzyl, or an
amino protecting group;

Ri7a and Ry, are independently selected from hydrogen, alkyl, alkenyl, allyl,
cycloalkyl, aryl, or benzylyl, and

the morphinan-6-one product comprises less than about 0.1 % (by weight
morphinan-6-one product) of the a,B-unsaturated ketone compound.

2. The process as set forth in claim 1 wherein at least one of the following
conditions are present:

(i) the molar ratio of sulfur-containing compound to morphinan-6-
one compound in the reaction mixture is from about 0.5:1 to about 3.0:1,

(ii) the reaction mixture is treated with the sulfur-containing
compound for at least about 1 hour,;

(i)  the reaction mixture is treated with the sulfur-containing
compound at a temperature greater than room temperature; or

(iv) the morphinan-6-one compound is recovered from the reaction

mixture without the use of an organic solvent.

3. A process for producing a morphinan-6-one product, the process
comprising:

forming a reaction mixture comprising an a,B-unsaturated ketone compound,;

treating the reaction mixture with a sulfur-containing compound to reduce the
a,B-unsaturated ketone to form a morphinan-6-one compound, provided that the

sulfur-containing compound is not a thiol; and
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recovering the morphinan-6-one compound to form the morphinan-6-one
product;
wherein

the morphinan-6-one compound corresponds to Formula (2):

X is -N(R17)- or -N*(R17aR17p)-;
Ry and R; are independently selected from hydrogen, substituted and

unsubstituted acyl, acyloxy, alkenyl, alkoxy, alkoxyaryl, alkyl, alkylamine, alkynyl,
amino, aryl, arylalkoxy, carboalkoxy, carbonyl, carboxyalkenyl, carboxyalkyl, carboxyl,
cyano, cyanoalkyl, cycloalky!, cycloalkylalkyl, cycloalkylether, halo, haloalkoxy,
haloalkyl, heteroaryl, heterocyclic, hydroxyalkyl, hydroxyl, or nitro;

Rs is hydrogen, hydroxy, protected hydroxy, alkoxy, or acyloxy;

Ry is hydrogen, hydroxy, protected hydroxy, halo, keto, tosyl, mesyl, or
trifluoromesyl,

Ry4 is hydrogen, hydroxy, or protected hydroxy;
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Ry is hydrogen, alkyl, cycloalkyl, alkylcarboxy, alkylenecycloalkyl,
alkoxycarbonyl, allyl, alkenyl, acyl, aryl, formyl, formyl ester, formamide, benzyl, or an
amino protecting group;

R47a and Ry7p are independently selected from hydrogen, alkyl, alkenyl, allyl,
cycloalkyl, aryl, or benzylyl, and the morphinan-6-one product comprises less than
about 0.1 % (by weight morphinan-6-one product) of the a,B-unsaturated ketone

compound.

4, The process as set forth in any one of claim 1-3 wherein the sulfur-

containing compound is a sulfur-containing nucleophile.

5. The process as set forth in any one of claims 1-4 wherein the sulfur-

containing compound is a sulfur-containing inorganic acid or salt thereof.

6. The process as set forth in any one of claims 1-5 wherein the sulfur-
containing inorganic acid is selected from the group consisting of hydrosulfuric acid
(H2S); sulfurous acid (H2SO3); persulfuric acid (H,SOs); thiosulfurous acid (H2S20;);
dithionous acid (H2S20.); disulfurous acid (H2S;0s); dithionic acid (H2S20s);
pyrosulfuric acid (H2S,0;); peroxydisulfuric acid (H2S20s); trithionic acid (H2S30e);
tetrathionic acid (H,S40s); pentathionic acid (H2Ss0g); chlorosulfonic acid (HSO3Cl);
furosulfonic acid (HSOsF); sulfamic acid (HSO3NH,); salts thereof; and combinations

thereof.

7. The process as set forth in claim § or claim 6 wherein the salt is
selected from the group consisting of alkali metal salts, alkaline earth metal salts,

ammonium salt (NH,*), and quaternary ammonium salts.

8. The process as set forth in any one of claims 1-9 wherein the reaction
mixture further comprises an aqueous/organic solvent biphasic media material
wherein the organic solvent is selected from the group consisting of butanone, ethyl
acetate, butanol, diethyl ether, benzene, chloroform, tetrachloroethylene, toluene,
1,1,1-trichloroethane, carbon tetrachloride, dibutyl ether, cyclohexane, hexane,

dipentyl ether, heptane, hexadecane, and combinations thereof.
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9. The process as set forth in claim 10 wherein the aqueous/organic
solvent biphasic media further comprises a phase transfer catalyst.

10.  The process as set forth in claim 11 wherein the phase transfer catalyst
is a quaternary ammonium salt or a tetraalkylated ammonium salt.

11.  The process as set forth in any one of claims 1-12 wherein the molar
ratio of sulfur-containing compound to morphinan-6-one compound in the reaction
mixture is from about 0.5:1 to about 3.0:1.

12. The process as set forth in any one of claims 1-13 wherein the
morphinan-6-one product comprises less than about 0.05% (by weight morphinan-6-
one product) of an a,B-unsaturated ketone compound.

13.  The process as set forth in any one of claims 1-14 wherein the
morphinan-6-one product comprises no detectable amount of an a,B-unsaturated
ketone compound.

14. The process as set forth in any one of claims 1-15 wherein the
morphinan-6-one compound is recovered from the reaction mixture without the use of

an organic solvent.
15. The process as set forth in any one of claims 1-16 wherein after
treatment of the reaction mixture with the sulfur containing compound a residual

sulfur-containing species is substantially removed from the reaction mixture.

16.  The process as set forth in any one of claims 1-17 wherein the reaction
mixture has a pH of from about 3 to about 9.

17.  The process as set forth in any one of claims 1-18 wherein the reaction

mixture has a pH of from about 6 to about 9.
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18. A morphinan-6-one product, prepared by the process as set forth in any

one of claims 1-19.
19. A process for the preparation of a morphinan-6-one product according

to claim 1 or claim 3, substantially as hereinbefore described with reference to any
one of the Examples.
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