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PROCESS FOR THE SYNTHESIS AND PURIFICATION OF OXYCODONE

BACKGROUND OF THE INVENTION

Various reports have identified the role of two isomers of 8,14-dihydroxy-
7,8-dihydrocodeinone in the formation of 14-hydroxycodeinone - an o, B-unsaturated ketone
(“ABUK”) and a purportedly genotoxic impurity in oxycodone hydrochloride. For
example, U.S. Patent No. 7,683,072 of Chapman et al. notes that “[d]uring salt formation
reactions known in the art, the 8,14-dihydroxy-7,8-dihydrocodeinone component 1is
converted to 14-hydroxycodeinone by acid-catalyzed dehydration. See also Weiss, J. Org.
Chem., 22(11): 1505-08 (1957). Thus, 14-hydroxycodeinone is increased in the final
product.” (col. 8, lines 7-12). Similarly, Cox (WO 2008/070656 and WO 2008/070658)
notes that “DHDHC [8,14-dihydroxy-7,8-dihydrocodeinone] is easily converted to 14-
hydroxycodeinone. This conversion occurs during the conversion of oxycodone base (a.k.a.
oxycodone free base) to oxycodone hydrochloride, thus 14-hydroxycodeinone is present in
the final oxycodone hydrochloride.” (p. 3, lines 5-7). Thus, the isomeric 8,14-dihydroxy-
7,8-dihydrocodeinone diols are understood to be unstable such that, during conversion of
the oxycodone free base to oxycodone hydrochloride, they undergo acid-catalyzed
dehydration to form the 14-hydroxycodeinone ABUK impurity. Weiss teaches that 8,14-
dihydroxy-7,8-dihydrocodeinone can be recrystallized from hot 2N HCI if the treatment is
rapid, but also reports that treatment in “dilute acid ( 1:1) in a boiling water bath for 20
minutes” converts the dihydroxy species to 14-hydroxycodeinone. While Weiss does not
indicate the mixture of dihydroxy isomers handled during the 2N recrystallization and
subsequent hydrolysis to 14-hydroxycodeinone, it implies that both isomers of 8,14-
dihydroxy-7,8-dihydrocodeinone will dehydrate to form 14-hydroxycodeinone. Recent
reports, including the Chapman ‘072 patent, and Baldwin (see Baldwin Declaration in
support of U.S. Pat. Appln. No. 11/729,741) have pointed to the alpha isomer as the
apparent more hydrolytically unstable diol of 8,14-dihydroxy-7,8-dihydrocodeinone.
Baldwin cites Example 3 of Chapman’s U.S. Patent No. 7,674,800 as demonstrating that
dehydration occurs under conditions of aqueous HCI as low as 0.2N at 75°C. Baldwin
contrasts this with the Weiss report to assert that one of the two isomers is much more prone

to acid catalyzed dehydration.
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The present inventors prepared and characterized the 8[3,14-dihydroxy-7,8-
dihydrocodeinone and used this to develop analytical methodology to measure the alpha and
beta isomers by LC/MS to a detection limit of 2 ppm. Two HPLC peaks at relative retention
times (RRT) 0.82 and 0.91 versus oxycodone were observed as having a mass

corresponding to 8,14-dihydroxy-7,8-dihydrocodeinone upon LC/MS analysis. The peak at

RRT 0.91 was identified as the 8B diol. Exposure of a mixture of the two species to acid
showed a correlation between the loss of the RRT 0.82 peak with the growth of 14-
hydroxycodeinone over a 20 hour period. The peak at RRT 0.91 degraded little under the

same conditions over the 20 hour period. On the basis of this study and in view of

Baldwin’s assertions, the peak at RRT 0.82 was assigned as the 8a diol for the purposes of
developing the invention.

A variety of approaches to producing oxycodone hydrochloride with low
levels of 14-hydroxycodeinone have been published. The Chapman ‘072 patent, as well as
other patents in the Chapman patent family, and U.S. Patent Application Publication No.
2007/0149559 to Shafer et al., for example, report methods wherein the diols, as
contaminants in oxycodone, are dehydrated using aqueous acid or organic acids in organic
solvents to form 14-hydroxycodeinone. = Chapman describes converting the 14-
hydroxycodeinone to oxycodone by hydrogenation as the dehydration occurs. This prevents
reversal by rehydration of the 7,8 double bond and minimizes the possibility of having 8,14-
dihydroxy-7,8-dihydrocodeinone as an ABUK precursor in the final oxycodone
hydrochloride product. Shafer traps the 14-hydroxycodeinone with a thiol nucleophile,
forming a water-extractable adduct that can be readily separated from oxycodone.

International Patent Application Publication No. WO 2007/103105 of
Buehler et al. likewise describes conditions that may dehydrate the diols to an extent and, 1n
a fashion similar to Shafer, treats the 14-hydroxycodeinone with a sulfur nucleophile or a
sulfur-containing inorganic acid or salt thereof to form a water-soluble adduct. The Buehler
procedure uses species akin to mera-bisulfite, which react with oxycodone in a 1,2 fashion
and with 14-hydroxycodeinone in a 1,4 and 1,2 fashion to form soluble adducts of each.
Upon a pH adjustment to ca. pH 9, the 1,2 sulfite adducts hydrolyze to the ketone; however,
the 1,4 adduct derived from 14-hydroxycodeinone remains intact and confers water
solubility. At pH 9, the oxycodone precipitates or may be preferentially extracted into

organic solvent and the adducted 14-hydroxycodeinone remains in the aqueous mixture.
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The Shafer approach differs in emphasizing the formation of the 1,4 adduct of 14-
hydroxycodeinone and does not explicitly rely upon selective 1,2 hydrolysis to recover and
separate the oxycodone from the water-soluble 1,4 adduct.

The derivatization of 14-hydroxycodeinone with a sulfur-based reagent,
either as a free species or resin-bound, is common to Shafer, Cox and Buehler. At least
Chapman and Shafer find commonality in: (1) forcing the dehydration of the diols In the
presence of oxycodone; and (2) subsequently consuming or removing the resulting 14-
hydroxycodeinone either as oxycodone or as a derivative separable from oxycodone.

SUMMARY OF THE INVENTION

The inventors have found that the alpha diol of 8,14-dihydroxy-7,8-
dihydrocodeinone can be present in up to 1,000 ppm in oxycodone base, and that the beta
diol can be present at even higher levels. In essence, the approaches outlined above have
the potential to actively create and contaminate oxycodone hydrochloride with over 1,000
ppm of the undesired, purportedly genotoxic, impurity then require measures to rigorously
remove the impurity. There is also the chance that measures to destroy diol precursors may
not proceed exhaustively as noted, for example, in Example 3 of U.S. Patent No. 7,129,248
of Chapman et al., where a cautionary note appears that purified oxycodone salt must be
handled with care to avoid dehydrating remaining diols to reform 14-hydroxycodeinone and
contaminate the product.

The above approaches include the conversion of the diols to 14-
hydroxycodeinone in the presence of oxycodone free base. A variety of chemical
approaches are used to remove the 14-hydroxycodeinone, especially during conversion of
the oxycodone free base to oxycodone hydrochloride. Thus, the above approaches include
the formation of 14-hydroxycodeinone - the actual ABUK impurity one is trying to
eliminate - during the formation and in the presence of oxycodone, and in some cases,
oxycodone hydrochloride. Accordingly, new methods of producing oxycodone and its salts
with low levels of impurities, including ABUK, would be beneficial.

A novel process is now disclosed for producing oxycodone and its salts,
especially, oxycodone hydrochloride, with low levels of impurities, including ABUK, that
diverges from the approaches described above. All of the patents, published patent
applications, journal articles, and other references cited in the present disclosure are

incorporated by reference herein in their entireties for all useful purposes.
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In brief, the inventors have found, among other things, that reduction of the
ketone group of 14-hydroxycodeinone to afford 14-hydroxycodeine also reduces the ketone
groups of 8,14-dihydroxy-7,8-dihydrocodeinone, thereby converting the diols to  8,14-
dihydroxy-7,8-dihydrocodein-6-ol. An exemplary sequence of steps according to preferred
embodiments of the invention is shown in Schemes 1 and 2. As shown, after oxidation and
reduction steps, a rearrangement step for producing oxycodone free base Is used to
significantly reduce or eliminate impurities, including especially ABUK, prior to converting
the oxycodone free base to its salt. Also described are several optional purification steps,
and a salt formation step.

DETAILED DESCRIPTION OF THE INVENTION

[t is known that oxidation reactions of commercially available varieties of
thebaine will produce 14-hydroxycodeinone. This is described, for example, by Chapman
and Cox as well as in U.S. Patent No. 7,153,966 of Casner. During oxidation, especially
under aqueous acidic conditions, the two isomers of 8,14-dihydroxy-7,8-dihydrocodeinone
are also formed as impurities. See, e.g., Proska, Arch. Pharm. Pharm. Med. Chem., 332,
369-70 (1999). Next, the ketone of 14-hydroxycodeinone is reduced to form 14-
hydroxycodeine and, as a consequence of the reduction, the ketones of the two Isomers of
8,14-dihydroxy-7,8-dihydrocodeinone are also reduced, creating related 8,14-dihydroxy-
7 8-dihydrocodein-6-ol isomers, or triols. Only traces of the two isomers of the diols remain
and these are purged when the oxycodone base is purified prior to salt formation.

In a novel metal-catalyzed process, 14-hydroxycodeine is rearranged to
oxycodone in a reaction whereby the 6-hydroxyl group is oxidized and the 7,8 double bond
is reduced. Because the two isomers of 8,14-dihydroxy-7,8-dihydrocodein-6-ol do not have
the allylic C6, C7, C8 topography contained within 14-hydroxycodeine, they do not
participate in the rearrangement. The triols are observed in the resulting oxycodone. The
triols also do not appear to interfere and therefore cannot convert to 14-hydroxycodeinone.
In this sense, they are inert with regard to conversion to either 14-hydroxycodeinone or
oxycodone. Moreover, the triols are far more polar than oxycodone and can potentially be
separated from oxycodone by precipitating the oxycodone from a polar solvent or solvent
mixture, or by extracting oxycodone into a suitable organic solvent. Notwithstanding, even
if some of the triols were to remain with oxycodone, these species lack the purportedly

genotoxic alpha, beta unsaturated ketone, cannot generate it, and do not fall under FDA alert
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compound status. When the resulting oxycodone base is converted to the hydrochloride
salt, the active, alpha diol is not present and any traces of the triols are incapable of
generating 14-hydroxycodeinone, so the salt can be produced without risk of regenerating
that impurity.

Scheme 1. Synthetic Route To Oxycodone Base and Oxycodone Hydrochloride

_CHs

1) H,O,, HCOOH, H,0
— .

2} HN4OH
Step 1 Oxidation

OCHj
Thebaine

1.Nay5,05, pH 7.r A,

2.NH4OH to pH @
Step 4 Purification

| o
OH
HsCO .
Remains in Solution
L.ow ABUK Base

Undected (<2 ppm) a-diol

0 {Extracted or Precipitated)
< 5 ppm 14-hydroxycodeinone

Alcohol, aq. HCI
N_,.,CH3

« HCI
OH

Step 5§ Salt Formation l

H3CO

Low ABUK Qxycodone HCI
< 5 ppm 14-hydroxycodeinone
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Scheme 2: Alternative Routes from Crude Oxycodone Base to Low ABUK Oxycodone
HCI

14-hydroxycodeinone
[IIABU Kll]

1. H2, Pd/C 1. H2, Pd/C
DCM / alcohol DCM / aicohol

Step 4 Purification Room Temp. to 35°C Step 4 Purification | Room Temp. to 35°C
2. EtOH slurry Salt Formation

2. Alcohol, ag. HCI

_CHsj

N
» HCI
OH

HsCO
HaCO

O
Low ABUK Base
. Low ABUK Oxycodone HCI
Undected (<2 ppm) a-diol ) :
<0.1% oxycodol < 5 ppm 14-hydroxycodeinone
< 5 ppm 14-hydroxycodeinone Base Purification by hydrogenation

with direct formation of salt

|
Step 5 Salt Formation Alcohol, ag. HCI

H,CO

Low ABUK Oxycodone HCI
< 5 ppm 14-hydroxycodeinone

Base Purification by hydrogenation
with ethanol slurry optoin.

Oxidation of thebaine to 14-hydroxycodeinone may be performed by any
means known in the art, for example as described in U.S. Patent Application Publication
No. 2006/0111383 to Casner et al. Reduction of 14-hydroxycodeinone to 14-

hydroxycodeine may involve any method known in the art for reducing ketone groups of
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alpha, beta unsaturated ketones, with sodium borohydride being one example as described
below.

Suitable catalysts for Step 3 of Scheme 1 include any of a variety of ligand-
complexed metal catalyst, including such catalysts wherein the ligand 1s a phosphine and
the metal is rhodium or ruthenium. Wilkinson’s catalyst and analogs thereof are generally
suitable. Specific examples of suitable catalysts are disclosed in U.S. Patent No. 7,323,565
and U.S. Patent No. 7,321,038 to Wang et al. One suitable catalyst is shown below, the

preparation and use of which is detailed in the Examples herein.

Ph ph

/
AN __HOMe
Rh\

p/ HOMe

/\

Ph Ph

The new route to oxycodone enjoys several advantages over the
aforementioned routes as per Chapman, Shafer, Buehler, and Cox. The process converts
known precursors of the purportedly genotoxic 14-hydroxycodeinone to triol species that
are incapable of giving rise to this impurity. This conversion may be performed
concurrently with the conversion of 14-hydroxycodeinone to 14-hydroxycodeine (i.e.,
before converting the 14-hydroxycodeine to oxycodone). The 14-hydroxycodeine may be
isolated as a solid or extracted into a suitable organic solvent, either approach allowing the

opportunity to purge these triols a full chemical stage before oxycodone is formed. In some
examples trace levels of 8,14-dihydroxy-7,8-dihydrocodeinone are observed by LC/MS in

the isolated 14-hydroxycodeine; however, 8a,14-dihydroxy-7,8-dihydrocodeinone is not
detectable at this stage of the process. In a further embodiment of the invention, the 14-
hydroxycodeine may be treated with sodium mera-bisulfite as per Rappoport et al., J.
Amer. Chem. Soc. 89:8, 1967, 1942-1947,1 or similar species as a means to remove any
remaining traces of 14-hydroxycodeinone or of the ketone-containing diols. In still a
further embodiment, the 14-hydroxycodeine may be treated with resin-supported
borohydride to remove any trace amounts of 14-hydroxycodeinone. In yet another
embodiment of the invention, residual 14-hydroxycodeine may be treated with organic thiol

species to selectively form water-soluble or resin bound derivatives of any remains 14-
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hydroxycodeinone such that 14-hydroxycodeine may be produced free of 14-
hydroxycodeinone. By means of the reducing step and, optionally, the incorporation of
treatments using meta-bisulfite-related or thiol-type species, 14-hydroxycodeine
substantially free of residual 14-hydroxycodeinone and of the two diols can be produced. In
another embodiment, any trace amounts of 14-hydroxycodeinone in 14-hydroxycodeine are
carried through the rearrangement step and removed from the oxycodone base by catalytic
hydrogenation in an organic solvent.

As will be understood from the above explanation, diols that are potential
precursors to 14-hydroxycodeinone are not converted to that compound, but instead are
converted to species that are incapable of giving rise to 14-hydroxycodeinone. In this
fashion, the drug entity is not actively contaminated with the purportedly genotoxic
impurity one is also trying to remove.

It is noteworthy that 14-hydroxycodeinone is both the undesired, purportedly
genotoxic species and the penultimate intermediate common to most traditional syntheses of
oxycodone. Conventional synthesis routes rely upon hydrogenation of 14-
hydroxycodeinone to form oxycodone, and the hydrogenation may often be left incomplete
such that large amounts of 14-hydroxycodeinone — 1,000-5,000 ppm — are carried forward
directly into the isolated oxycodone. See, e.g. U.S. Patent No. 7,674,800, Examples 2 and
3) . The aforementioned approaches may thus be burdened by the need to overcome this
reservoir of 14-hydroxycodeinone carried forward along with that formed by forced
dehydration of the diols. In contrast, the new process converts 14-hydroxycodeinone to a
new, non-ketone intermediate (i.e., 14-hydroxycodeine) with zero or low single digit ppm
levels of remaining 14-hydroxycodeinone. Should non-zero levels of 14-hydroxycodeinone
remain, these can be removed as described above using mefa-bisulfite or organic thiol
agents. Alternatively, 14-hydroxycodeinone can be removed from oxycodone base by
catalytic hydrogenation in an organic solvent or a mixture of solvents.

The new route employs what is believed to be a novel rearrangement of a C-
14 oxidized codeine-like entity to oxycodone. There are many published reports for the
rearrangements of 6-hydroxy 7,8 double bond allylic systems such as found in codeine to
form, for example, hydrocodone. However, the inventors are not aware of any reports of a
similar rearrangement of related species bearing the 14-hydroxy group. Indeed, 14-

hydroxycodeine, the intermediate in the new process disclosed here, is a “bisallylic” entity
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to the extent that the 7,8 double bond and 14-hydroxylic moiety constitute a second allylic
function. The lack of reports of metal-catalyzed rearrangements of C-14 hydroxyl
analogues of codeine to form the 6-ketone function suggests that those skilled in the art
would not expect this to be a particularly productive, or even probable, reaction.

The reduction of 14-hydroxycodeinone to 14-hydroxycodeine is expected to
entirely convert the diols to the triols. 14-hydroxycodeine containing ca. 0-50 ppm of 14-
hydroxycodeinone will undergo a metal catalyzed rearrangement to form oxycodone base
with about 45-350 ppm of 14-hydroxycodeinone. LC/MS analysis indicates that the
presumed active diol, 8a,14-dihydroxy-7,8-dihydrocodeinone, may be present at up to 16
ppm while 8B,14-dihydroxy-7,8-dihydrocodeinone may be present, with two other species
having molecular weights matching the triols, at up to about 110 ppm. The minor increase
in 14-hydroxycodeinone is thought to result from very slow oxidation of oxycodone by the
metal rearrangement catalyst. This is supported by the fact that the inventors have
demonstrated that oxycodone with undetectable (or, at most, single digit ppm) levels of
either isomer of 8a,14-dihydroxy-7,8-dihydrocodeinone will slowly give rise to 14-
hydroxycodeinone upon exposure to the metal rearrangement catalyst under conditions ot
the rearrangement to levels of over 60 ppm, far higher than levels obtainable from the
quantity of diols present. The very low levels of 14-hydroxycodeinone observed in
oxycodone formed by the current invention are, however, in sharp contrast to the high levels
found in oxycodone produced by the aforementioned processes, as noted above, which may
contain 1,000-5,000 ppm of 14-hydroxycodeinone, and the potential for more due to the
1000 ppm or more of each of the diol precursors to 14-hydroxycodeinone, i.e., 8a,14-
dihydroxy-7,8-dihydrocodeinone and 8B,14-dihydroxy-7,8-dihydrocodeinone. The traces of
the 8a,14-dihydroxy-7,8-dihydrocodeinone and 8p,14-dihydroxy-7,8-dihydrocodeinone
observed after the rhodium catalyzed rearrangement are purged in the next stage of the
process while purifying the oxycodone base.

Oxycodone base prepared by the new process, containing ca. 0-350 ppm of
14-hydroxycodeinone, can be rendered virtually free of this impurity by following a
purification process such as the sodium meta-bisulfite procedure described by Rappoport et
al., J. Amer. Chem. Soc. 89:8, 1967, 1942-1947. This affords an oxycodone free base
having undetectable (or, at most, very low) levels of 14-hydroxycodeinone. Alternatively,

one may reduce the residual 14-hydroxycodeinone to levels under 5 ppm by catalytic
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hydrogenation using a palladium on carbon catalyst in an organic solvent or solvent
mixture. The hydrogenation may be run at about 13-50 psi and at temperatures from about
room temperature (e.g., 18°C) to about 40°C. Suitable catalysts include, but are not limited
to, 5% and 10% palladium on carbon. Suitable solvents include alcohols, chlorinated
solvents, or mixtures thereof. The isolation of the hydrogenated oxycodone as a solid
purges most of any residual trace amounts of 8a,14-dihydroxy-7,8-dihydrocodeinone and
8B,14-dihydroxy-7,8-dihydrocodeinone.

The exposure of oxycodone to hydrogenation conditions has been found to
produce low levels of 6-hydroxy oxycodol. This is removed using an ethanol slurry,
preferably at an elevated temperature, with the added benefit of also removing any further
trace amounts of 14-hydroxycodeinone, 8a,14-dihydroxy-7,8-dihydrocodeinone, and 8[3,14-
dihydroxy-7,8-dihydrocodeinone in the unslurried oxycodone base. Purified oxycodone
base produced via a rhodium-catalyzed rearrangement reaction of 14-hydroxycodeine,
subsequent hydrogenation and an ethanol slurry contains no detectable amounts of 8a,14-
dihydroxy-7,8-dihydrocodeinone, ca. 10 ppm of 8B,14-dihydroxy-7,8-dihydrocodeinone,
and 1-5 ppm of 14-hydroxycodeinone.

In a further embodiment, crude oxycodone base containing traces of 14-
hydroxycodeine may be purified by hydrogenation as described above, and used as a
solution after catalyst filtration to form and isolate oxycodone HCI salt having less than 5
ppm of residual 14-hydroxycodeinone.

Importantly, unlike the Buehler, Cox, Chapman, or Shafer processes, the new
process does not require breaking down the diol precursors to form 14-hydroxycodeinone in
the presence of oxycodone. There is also no threat that unconverted 8a,14-dihydroxy-7,8-
dihydrocodeinone will be carried into the oxycodone product and pose a risk of regenerating
14-hydroxycodeinone during salt formation, stability testing or upon storage. Again, this is
in contrast to aforementioned processes. For example, as noted by Chapman in Example 3,
care is required when handling the HCIl salt from the base in the route described there due to
the possible presence of unconverted diol precursors. These precursors can convert to 14-
hydroxycodeinone during salt formation or on storage or stability testing. Because 3a,14-
dihydroxy-7,8-dihydrocodeinone is undetected in oxycodone base prepared by the new

process, no possibility exists to regenerate 14-hydroxycodeinone from it while making the

HCIl salt. The conversion of oxycodone base produced by the process above, and containing
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less than 5 ppm 14-hydroxycodeinone and no detectable 8a,14-dihydroxy-7,8-
dihydrocodeinone, showed no change in the level of 14-hydroxycodeinone level in the
isolated oxycodone HCI salt. Furthermore, treatment of the oxycodone base or oxycodone
HCI salt made by the above process in 65°C aq. hydrochloride acid at pH <1 resulted in no
or minimal growth in 14-hydroxycodeinone after 24 hours. Exposure of oxycodone base
and oxycodone HCI salt made by the above process to conditions of dry heat (greater than

60°C) resulted in no growth of 14-hydroxycodeinone afier 14 days. In view of assertions
noted above by Baldwin regarding the ease of dehydration of 8a,14-dihydroxy-7,8-
dihydrocodeinone in weak acid (i.e., 0.2N; US Patent No. 7,674,800, Example 3), the slow,
trace growth observed in hot acid is attributable to trace levels of residual 83,14-dihydroxy-
7,8-dihydrocodeinone as per Weiss, or to other unknown precursors to 14-
hydroxycodeinone. This stability provides wider process latitude during oxycodone salt
formation on an industrial scale and suggests a highly stable solid product with regard to
growth of 14-hydroxycodeinone.
EXAMPLES
Example 1 - Reduction of 14-hydroxycodeinone to 14-hydroxycodeine

NaBH,
_——
H.CO
DCM/MeOH
14-Hydroxycodeinone 14-Hydroxycodeine

A portion of 14-hydroxycodeinone (26.0 g wet, 16.9 g dry weight, 54.0
mmol) was combined with 135 ml methylene chloride and 15 ml methanol under nitrogen
in a round bottomed flask equipped with a thermometer. The slurry was cooled to 0-5 °C in
an ice bath. Sodium borohydride (2.54 g, 66.8 mmol) was added to the slurry in one
portion. Excess hydrogen was released through a bubbler, and the reaction mixture was
allowed to warm up to ambient temperature and was stirred for 48 hours.

After the starting material was consumed, the excess sodium borohydride
was quenched with 70 ml 10 wt % hydrochloric acid. The aqueous layer was at pH=1. The
two phase mixture was stirred for one hour. The layers were separated and the upper

aqueous layer was separated from the lower organic layer. The organic layer was washed
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with distilled water (2x20 ml). The aqueous layers were combined and the pH was adjusted
to 9 with the addition of 45 ml of 5 M sodium hydroxide solution. An oily precipitate
formed and the aqueous slurry was extracted with dichloromethane (3X30 ml). The
combined dichloromethane phase was washed with 20 % sodium chloride solution, dried
over sodium sulfate, filtered and evaporated yielding 15.1 g (89 %) brown oil which
solidified upon standing. Trituration of the solidified oil with cold 2-propanol aftorded 12.5
g (74 %) white crystalline 14-hydroxycodeine.

Example 2 - Rearrangement of 14-hydroxycodeine to Oxycodone

Rh Rearrangement
‘ ——————— H,CO
OH

14-Hvdroxycode¢ine

A 100 ml 4 necked round bottom flask, equipped with condenser and a gas
sparging tube, gas outlet and a thermometer, was flushed with nitrogen and charged with
methanol (40 ml). A portion of 14-Hydroxycodeine (5.0 g, 15.9 mmol) was added at room
temperature and the mixture was stirred until a homogenous solution formed. The solution
was deoxygenatéd by sparging with nitrogen gas while stirring.

A 20 ml Schlenk flask, equipped with a gas sparging tube and gas outlet, was
flushed with nitrogen and charged with methanol (10 ml). The solvent was deoxygenated
by sparging nitrogen gas through it while stirring. Bis(norbornadiene)rhodium (I)
tetrafluoroborate (70 mg, 0.19 mmol) and 1,4-bis(diphenylphosphino)butane (80 mg, 0.19
mmol) were added under nitrogen and the orange solution was stirred at room temperature
for 30 minutes. The solution was then sparged with hydrogen gas for 30 minutes. The
color of the solution changed from orange to dark reddish orange. Excess hydrogen was
removed by sparging the solution with nitrogen for 10 minutes. The solution of the catalyst
was transferred to the solution of 14-hydroxycodeine via cannula. The combined solution
was heated at 50 °C for 90 minutes. The product, oxycodone free base, precipitated from

the reaction mixture and a thick slurry formed. A small sample was taken for an in-process
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test to confirm the reaction completion. The reaction mixture was cooled to 0-5 °C for 2
hours, and the product was filtered off and washed with 10 ml cold 2-propanol.
The product, oxycodone free base, was dried in a vacuum oven at 50 °C.

Yield: 4.1 g, 71.9 %.
Example 3 - Removal of 14-hydroxycodeinone from 14-hydroxycodeine

A 100 ml round bottom flask, equipped with gas outlet and a thermometer,
was flushed with nitrogen and charged with methanol (40 ml). 14-Hydroxycodeine (5.0 g,
15.9 mmol) containing a small amount of 14-hydroxycodeinone as an impurity was added at
room temperature and the mixture was stirred until a homogenous solution formed.

Resin supported borohydride (0.15g) was added to the solution and it was
stirred for 24 h at 55 °C. A small sample was taken for the in process test to confirm the
removal of 14-hydroxycodeinone. The mixture was then filtered through 45 um filter under
nitrogen blanket into a 100 ml 4 necked round bottom flask, equipped with condenser and a
gas sparging tube, gas outlet, and a thermometer. The solution was deoxygenated by
sparging nitrogen gas through it while stirring, for use in Example 4.

Example 4 - Rearrangement of 14-hydroxycodeine to Oxycodone

A 20 ml Schlenk flask, equipped with a gas sparging tube and gas outlet, was
flushed with nitrogen and charged with methanol (10 ml). The solvent was deoxygenated
by sparging nitrogen gas through it while stirring. Bis(norbornadienejrhodium (I)
tetrafluoroborate (70 mg, 0.19 mmol) and 1,4-bis(diphenylphosphino)butane (80 mg, 0.19
mmol) were added under nitrogen and the orange solution was stirred at room temperature
for 30 minutes. The solution was then sparged with hydrogen gas for 30 minutes. The
color of the solution changed from orange to dark reddish orange. Excess hydrogen was
removed by sparging the solution with nitrogen for 10 minutes. The solution of the catalyst
was transferred to the solution of 14-hydroxycodeine from Example 3 via cannula. The
combined solution was heated at 50 °C for 90 minutes. Oxycodone free base precipitated
from the reaction mixture and a thick slurry formed. A small sample was taken for an in-
process test to confirm the reaction completion. The reaction mixture was cooled to 0-5 °C
for 2 hours and the product was filtered off, washed with 10 ml cold 2-propanol.

The product, oxycodone free base, was dried in a vacuum oven at 50 °C.

Yield: 3.43 g, 68.6 %.
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Example 5 - Reduction of 14-Hydroxycodeinone to 14-Hydroxycodeine

14-Hydroxycodeinone 14-Hydroxycodeine

14-Hydroxycodeinone (25.0g wet, 22.225g dry weight, 70.93mmol) was
combined with 178mL methylene chloride and 13mL methanol under nitrogen in a round
bottomed flask equipped with a thermometer and a solution resulted. The batch was cooled
to 0-5 °C in an ice bath. Sodium borohydride (3.44g, 90.93mmol) was added in one portion.
The mixture was stirred at 0-5°C for 7 hours and then allowed to warm up to ambient
temperature and stirred for 17 hours. After the starting material was consumed, the excess
sodium borohydride was quenched with 110mL of 2.4N hydrochloric acid at 0-5°C. The
aqueous layer was at pH=1. The two phase mixture was stirred at 0-3°C for 30 min. The
layers were settled and separated. The upper aqueous layer was separated from the lower
organic layer. The organic layer was washed with 15mL of 2.4N hydrochloric acid. The
aqueous layers were combined and the pH was adjusted to 9.5 with the addition of 30 mL of
25% sodium hydroxide solution at < 10°C. There was no precipitate formed in the
beginning at 10°C. The ice/water bath was then removed and the batch was stirred at
ambient temperature. Solids precipitated at the overnight agitation. The batch was cooled to
0-5°C and stirred for 1.5h. Product was filtered, rinsed with cold water (25 mL x 2), and
dried. 8.99g (40.2%) of off-white solid was obtained as Lot 2377-085 (4 ppm 14-
hydroxycodeinone).

Example 6 - Rearrangement of 14-Hydroxycodeine to Oxycodone Base

Rh Rearrangement
‘ ——————— H,C0
OH

14-Hydroxycodeine




10

15

20

23

CA 02804101 2012-12-28

WO 2012/003468 PCT/US2011/042834

- 15 -

An oven-dried 100 mL round bottom flask was charged with 5 g 14-
hydroxycodeine (15.9 mmol, Lot 2377-085) and 40mL of deoxygenated methanol. The
mixture was stirred under nitrogen until homogenous solution formed.

An oven-dried 25mL round bottom flask was charged with 10mL of
deoxygenated methanol and placed under nitrogen. 75mg of bis(norbornadiene)rhodium (I)
tetrafluoroborate (0.2 mmol) and 86mg of 1,4-bis(diphenylphosphino)butane (0.2 mmol)
were added under nitrogen and the orange solution was stirred at RT for 10 minutes. The
solution was then sparged with hydrogen gas for 45 minutes. The color of the solution
changed from orange to reddish orange. Excess hydrogen was removed by sparging the
solution with nitrogen for 10 minutes. The solution of the catalyst was transferred to the
solution of 14-hydroxycodeine via cannula. The combined solution was heated at 50 °C for
9 hours. The product, Oxycodone free base, precipitated from the reaction mixture and a
thick slurry formed. A small sample of the supernatant was taken for the in process test to
confirm the reaction completion.

The reaction mixture was cooled to 0-5 °C for 2 hours and the product was
filtered off, and the filter cake washed with cold ethanol (10 mL x 2).

The product was dried in a vacuum oven at 55 °C. 1.71g (34.2% yield, as Lot
2377-095) of oxycodone base was obtained. (45 ppm 14-hydroxycodeinone, undetected
80, 14-dihydroxy-7,8-dihydrocodeinone by LC/MS and 5 ppm 8p,14-dihydroxy-7,8-
dihydrocodeinone by LC/MS; 99.41A% pure by HPLC).

Example 7 — Purification of Oxycodone Base by Sodium Metabisulfite

.CH
N 3

OH pH 7 Buffered Solution

Of NﬁzSzOs/N azS 03
H.CO — 5 HsCO
H,O, RT
O
Oxycodone Base Low ABUK Oxvcodone Base

To a 25mL flask is charged 1.5g (4.756mmol, Lot 2377-095, prepared via Rh
catalyst rearrangement) of oxycodone base and 7.5mL of water. The mixture is stirred at
room temperature (RT, 20+5°C). pH is 8.45, which is then adjusted to 7.02 at RT by adding
0.056g of conc. HCI.
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Preparation of pH 7 Na;S,05/Na;SOs3 buffered solution: To a small flask 1s
charged 0.362g of sodium meta-bisulfite (1.904mmol, 0.4eq) and ImL of water. Stirred at
RT and a clear solution resulted within 4 min (pH~4-5). To another small flask, 1.43g
(11.35mmol) of sodium sulfite and 6mL water are charged. The mixture is stirred at RT and
a clear solution resulted within 4 min (pH~9-10). The sodium meta-bisulfite solution is
transferred to sodium sulfite solution at RT and stirred. The pH is 6.90, which i1s then
adjusted to 6.97 at RT by adding 1.43g of saturated sodium sulfite solution.

The pH 7 buffered solution of sodium mera-bisulfite/sodium sulfite prepared
above is transferred to the batch at RT. The pH went up to 7.98, which is then adjusted to
7.01 at RT by adding 0.777g of conc. HCI. A solution results. The mixture is stirred at RT

for 3-24h, or until the reaction is complete. (In-process test for reaction completion by
LC/MS: < 1ppm 14-hydroxycodeinone.) pH is adjusted to 9.18 by adding 0.95g (1.1mL) of

conc. ammonium hydroxide. The mixture (a white slurry) is stirred at RT for 2h, filtered,
washed with water (6mL x2) and dried until transferable.

The wet cake is transferred to a 25mL flask, slurried in 12mL water for 2h,
filtered, washed with water (6mL x2), and dried until weight is constant. 1.34g (89.3%
yield) of low ABUK oxycodone base is obtained, as Lot 2377-103 (~1 ppm I4-
hydroxycodeinone by LC/MS, undetected 8a,14-dihydroxy-7,8-dihydrocodeinone by
LC/MS and 4 ppm 8pB,14-dihydroxy-7,8-dihydrocodeinone by LC/MS; 99.48A% pure by
HPLC).
Example 8A — Purification of Oxycodone Base by Hydrogenation

H,, Pd/C

DCM/alcohol H,CO

Low ABUK Oxycodone Base

To a 250mL hydrogenation bottle was charged 4.05g (12.84mmol, prepared via the
Rh-catalyzed rearrangement , 267 ppm 14-hydroxycodeinone; 16 ppm 8a,14-dihydroxy-

7,8-dihydrocodeinone, 111 ppm of 8(,14-dihydroxy-7,8-dihydrocodeinone) of oxycodone
base, 36mL of dichloromethane (DCM) and 4mL of methanol. The mixture was agitate until
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a clear solution was formed, and 0.4g of 5% Pd/C was added. The mixture was
hydrogenated with agitation at 21-22°C (room temperature), 13-17 psi H; and was
processed in portions to isolated oxycodone base after one and two days of hydrogenation.

After one day under hydrogenation conditions, about 16mL of the mixture was
removed from hydrogenation bottle, catalyst was filtered was removed by filtration, and the
filtered solution was concentrated by distilling off DCM/methanol. Afier most of the
DCM/methanol had been removed, isopropanol (IPA) was added and the mixture was
distilled at 65-70°C for 10min. The mixture was cooled to room temperature and then to 0-
5°C. The product was isolated by filtration, rinsed and dried. 1.359g of low ABUK
oxycodone base was obtained. (2.4 ppm 14-hydroxycodeinone by LC/MS; undetected
8a,14-dihydroxy-7,8-dihydrocodeinone by LC/MS, 28 ppm 8(3,14-dihydroxy-7,8-
dihydrocodeinone by LC/MS; 97.61A% pure by HPLC).

After the second day under hydrogenation conditions, the rest of the mixture was
filtered to remove catalyst was and the DCM/methanol was removed by distillation. After
most DCM/methanol had been removed, IPA and continued the mixture was distilled at 75-
76°C for 10min. The mixture was cooled to room temperature and then to 0-5°C. The

product was isolated by filtration, rinsed and dried. 2.442g of low ABUK oxycodone base
was obtained (2.7 ppm 14-hydroxycodeinone by LC/MS, 3 ppm 8a,14-dihydroxy-7,8-
dihydrocodeinone by LC/MS, 41 ppm 8p3,14-dihydroxy-7,8-dihydrocodeinone by LC/MS;

97.67A% pure by HPLC).
Example 8B _— Purification of Crude Oxycodone Base by Hydrogenation at 35°C

To a 250mL hydrogenation bottle was charged 5.0g (15.85 mmol, prepared via the
Rh-catalyzed rearrangement , 267 ppm 14-hydroxycodeinone; 16 ppm 8alph, 11 ppm of 8
beta) of oxycodone base, 30mL of dichloromethane (DCM) and 10mL of isopropanol
(IPA). The mixture was agitated until a clear solution was formed, and 0.5g of 5% Pd/C was
added. The mixture was hydrogenated with agitation at 35°C , ca. 25 psi H; for one day.

The catalyst was removed by filtration, and the filtered solution was concentrated by

distilling off DCM/IPA. After most of the DCM/IPA had been removed, 3 mL of
isopropanol (IPA) was added and the mixture was distilled at 65-70°C for 5 min. The
mixture was cooled to room temperature and then to 0-5°C. The product was isolated by

filtration, rinsed with cold IPA, and dried. The low ABUK oxycodone base obtained
showed 1.5 ppm 14-hydroxycodeinone by LC/MS; undetected 8a, 14-dihydroxy-7,8-
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dihydrocodeinone by LC/MS, 27 ppm 8,14-dihydroxy-7,8-dihydrocodeinone by LC/MS;

0.86 HPLC A% 6-oxycodol 98.87A% pure by HPLC.
Example 9 — Purification of Low ABUK Qxydodone Base By Ethanol Slurry
To a 50mL flask was charged 3.986g (12.64 mmoles) of low ABUK oxycodone base

prepared by combining the sample from Examples 8 and 8A (purified via hydrogenation)
(composite: 2 ppm 8o, 14-dihydroxy-7,8-dihydrocodeinone, 35 ppm 8a.,14-dihydroxy-7,8-
dihydrocodeinone, 1.06A% 6-oxycodol, 98.42A% pure by HPLC) and 24mL of denatured
ethanol (SDA3A). The mixture (slurry) was heated to reflux for 1.5h, cooled to RT, and
then 0-5°C. Solid was isolated by filtration, rinsed and dried. 3.307g of purified low ABUK
oxycodone base was obtained (2.7 ppm 14-hydroxycodeinone, undetected 8a,14-
dihydroxy-7,8-dihydrocodeinone by LC/MS, 11 ppm 8(3,14-dihydroxy-7,8-
dihydrocodeinone by LC/MS, 0.21 HPLC A% 6-oxycodol; 99.71A% pure by HPLC).

Example 10 - Conversion of Purified Low ABUK Oxycodone Base to Oxycodone
Hydrochloride Salt

HCI, EtOH/H,0
— = HCO

O_-.._

O
Low ABUK Oxycodone Base Low ABUK Oxycodone

Cl

To a 10mL flask is charged 1.0g (3.17mmol, Lot 2377-103) of oxycodone
base (from Example 7) 3.2mL ethanol and 0.63mL of water. The mixture is stirred at room
temperature (RT, 20+£5°C). A slurry is resulted. The batch is heated to 45°C, added 0.326¢
(3.31mmol, 1.044 molar equivalents) of 37 % hydrochloric acid, and a solution is then
resulted. The mixture is heated to 55°C and stirred at 55°C for 10 hours. Cooled to RT and
then to 0-5°C. The mixture is stirred at 0-5°C for 1.5 hours, filtered, rinsed with cold ethanol
(2mL x 2) and dried. 1.021g of oxycodone HCI (91.4% yield, as Lot 2377-107) is obtained.
(3 ppm 14-hydroxycodeinone, undetected 8a,14-dihydroxy-7,8-dihydrocodeinone by
LC/MS, and 8PB,14-dihydroxy-7,8-dihydrocodeinone by LC/MS; 99.84A% pure by HPLC).
Example 11 - Conversion of Purified, Low ABUK Oxycodone Base to Oxycodone

Hydrochloride Salt
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To a 25mL flask was charged 2.0g (6.34mmol, from Example 9 ) of low ABUK
oxycodone base, 6.4mL of ethanol and 1.3mL of water. The mixture was stirred at RT. The
batch was heated to 41-46°C, added 0.643g (6.527mmol, 1.03 molar equivalents) of 37%
hydrochloric acid, and a solution was then resulted. The mixture was heated to 55°C and
stirred at 55°C for 10 hours to simulate the production salt formation timeframe. The
mixture was cooled to room temperature and then to 0-5°C. The mixture was stirred at 0-
5°C for 1.5 hours, filtered, and the product on the filter was rinsed with cold ethanol (2.5mL
x 2) and dried. 1.899g of oxycodone HCI (85.12% yield, as Lot 241 8-123) was obtained

(2.5 ppm 14-hydroxycodeinone by LC/MS, undetected 8a.,14-dihydroxy-7,8-
dihydrocodeinone by LC/MS and 8p,14-dihydroxy-7,8-dihydrocodeinone by LC/MS; 0.01

HPLC A% 6-oxycodol; 99.93 HPLC A% oxycodone HCl ).
Example 12 — Telescoped Conversion Of Crude Oxycodone Base to Low ABUK

Oxycodone HCI Salt

1) H,, Pd/C
DCM/IPA
— S s H4CO
2) HCI, IPA/H,O
Oxycodone Base Low ABUK Oxvcodone HCI

To a 250mL hydrogenation bottle was charged 1.5g (4.75mmol, prepared via Rh
catalyst rearrangement, 424 ppm 14-hydroxycodeinone) of oxycodone base, 6mL of
dichloromethane (DCM) and 2mL of isopropanol (IPA). The mixture was agitated until a
solution was obtained, then 0.15g of 10% Pd/C was added. The mixture was hydrogenated
with agitation at 35°C, 25 psi H, and processed to isolated oxycodone HCl in portions after
one and two days of hydrogenation.

After one day of hydrogenation, about 1.5mL of the mixture was removed from
hydrogenation bottle and filtered to remove catalyst. The filtered mixture was distilled to
minimize the solvents (DCM/IPA). The batch was diluted with 1.2mL of IPA, 0.4mL of
water and 0.105g of 37% hydrochloric acid (1.066 mmol), and stirred at ambient
temperature. The mixture was then heated to 55-60°C and stirred at 55-60°C tor 10 min. The
batch was cooled to room temperature and then to 0-5°C. The mixture was stirred at 0-5°C

for 1.5 hours, filtered, and the solid product was rinsed with cold IPA (1mL) and dried.
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0.369¢ of oxycodone HCI (as Lot 2418-047) was obtained (3 ppm 14-hydroxycodeinone by
LC/MS; 99.08A% pure by HPLC).

After two days of hydrogenation, the rest of the mixture was filtered to remove
catalyst. The filtered mixture was distilled to minimize the solvents (DCM/IPA). The
mixture was diluted with 1.5mL of IPA, 0.5mL of water and 0.13g of 37% hydrochloric
acid (1.32mmol), and stirred at ambient temperature. The mixture was then heated to 55-
60°C and stirred at 55-60°C for 10 min. The mixture was cooled to room temperature and
then to 0-5°C. The mixture was stirred at 0-5°C for 1.5 hours, filtered, and the solid product
was rinsed with cold IPA (1.5mL x 2) and dried. 0.461g of oxycodone HCI (as Lot 2418-
051) was obtained (2 ppm 14-hydroxycodeinone by LC/MS; 98.66A% pure by HPLC).

Example 13 - Hot Acid Stress Test of Oxycodone Hydrochloride from Example 11
To a 10mL flask are charged 0.232 g (0.659) of low ABUK oxycodone HCI

(T-zero: 2.5 ppm 14-hydroxycodeinone) and SmL of water. The mixture is stirred at room

temperature to form a solution. 0.26g of 3N aq. HCI (0.659 mmole, 1 molar equivalent) is
then added. The batch is heated to 65°C and monitored over 24 hours with LC/MS analysis.
LLC/MS analysis showed 4.2 ppm 14-hydroxycodeinone after 5h and 6.1ppm after 24h. The
slow growth over 24 was ascribed to degradation of unknown species other than 8a,,14-dihydroxy-

7,8-dihydrocodeinone.

Entry Hours ABUK
in Hot Acid (ppm)

| L 0 | 2.5

2 ] 2 3.6

3 5 4.2

4 24 | 6.1

Example 14 - Dry Heat Stress Test of Oxycodone Hydrochloride from Example 11
A 0.0225 g (0.597 sample of low ABUK oxycodone HCI (T-zero: 3.9 ppm 14-

hydroxycodeinone) was placed in a standard lab drying oven under air at 62°C and the level of 14-

hydroxycodeinone was monitored by LC/MS for 14 days. No growth in the level of 14-

hydroxycodeinone was observed.

Entry Days ABUK
(at 62°C) | (ppm)

1 T-zero | 3.9 ppm

4 3.7 ppm
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3 7 4.0 ppm
4 14 3.7 ppm

Example 15: Hot Acid Stress Test of Oxycodone Base from Example 9
To a 10mL flask are charged 0.20 g (0.634) of low ABUK oxycodone base

(T-zero: 2.5 ppm 14-hydroxycodeinone by LC/MS) and SmL of water. The mixture 1S
stirred at room temperature to form a solution. 0.26g of 3N aq. HCI (0.659 mmole) is then
added. The batch is heated to 65°C and monitored over 24 hours with LC/MS analysis.
L.C/MS analysis showed 3.3 ppm 14-hydroxycodeinone after Sh and 6.4 ppm after 24h. The
slow growth after 24h was ascribed to degradation of unknown species other than 80, 14-

dihydroxy-7,8-dihydrocodeinone.

Entry Hours ABUK
in Hot Acid (ppm)

] 0 (r.t.) 2.5

2 2 2.5

3 5 3.3

4 24 6.4

Example 16 - Dry Heat Stress Test of Oxycodone Base from Example 9

A 0.0225 g (0.597 sample of low ABUK oxycodone (T zero: 3.3 ppm 14-

hydroxycodeinone by LC/MS  was placed in a standard lab drying oven under air at 62°C and the
level of 14-hydroxycodeinone was monitored by LC/MS for 14 days. No growth in the level of 14-

hydroxycodeinone was observed

Entry Days ABUK
(at 62°C) (ppm)

1 T-zero 3.3 ppm

2 4 3.4 ppm

3 7 3.3 ppm

4 14 3.6 ppm

Analytical Method for PPM Level 14-Hydroxycodeinone and for 8a,14-dihydroxy-7,8-

dihydrocodeinone and 8,14-dihydroxy-7,8-dihydrocodeinone (HPLC/MS-SIM)

1.1

Methanol (MeOH Fisher Scientific, HPLC Grade
Acetonitrile (ACN) Fisher Scientific, HPLC Grade
Ammonium Acetate (NH;OACc¢) J.T. Baker, HPLC Grade

Reagents and Materials: (Equivalent reagents and materials may be substituted)
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Purified Water (H,0) MilliQ, Model A10 Gradient Water System
14-Hydroxy Codeinone JM Qualified Reference Standard
7,8-Dihydro-8[3-14- Retention Time Marker
Dihydroxycodeinone (Inert B-Diol) | (not qualified)

1.2 Instrumentation: (Equivalent instrumentation can be used)

HPLC = Waters Acquity UPLC System
UV Detector Waters Acquity PDA Detector

Mass Spec Waters Q-Tof Premier
Data System Waters MassLynx 4.1

Balance Mettler-Toledo, Model AT261 or PG503-S, Delta Range

1.3 Mobile Phase Preparation: (For 1 L each)
Mobile Phase A: Weigh ~0.77 (£0.03) g of Ammonium Acetate into a suitable mobile phase
bottle, dissolve with 950 mL of deionized water, add 25 mL of Acetonitrile and 25 mL ot
MeOH to the container. Mix well and degas.
Mobile Phase B: Weigh ~ 0.77 (£0.03) g of Ammonium Acetate into a suitable mobile phase
bottle, dissolve with 100 mL of deionized water, add 450 mL of Acetonitrile and 450 mL of
MeOH to the container. Mix well and degas.
The diluent: MeOH (free base) or 0.2% (v/v) TFA/H,0 (HC! saly).

1.4 Operating Conditions:

Waters, XBridge, Phenyl, 5 um , 4.6 x 150 mm
Col. Temperature Ambient - o -
Sample Temg Ambient

i i
Flow Rate 0.8 mL/min, with a splitter to lead ~0.2 mL/min to

the mass spec.

30 min

35 min

Linear Gradient
(Mixing) Conditions: Time (min) | %MPA | % MPB Curve
initial 100 0 6

22 73 27 6 |
25 10 90 6
30 10 90 6

o 31 100 0 6
- B 40 100 0 6

Mass Spec Parameters:

Source Instrument Acquisition
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Capillary Source
|
Spl Cone = HMResol | 150 -
Extra Cone Ion Energy m Source |  ESI
[on Guide Pre-filter Polari _+_
Source ] 20 Collision Analyzer
Temp Energ Mode
Cone Gas Cell Entrance Sensitivity | Maximum at
332 a.u.
(Diols) |
Maximum at
314 a.u.
(ABUK)
Cell Exit Scan 0.3
so%vatlon 450 0.00
emp |
Detector Collision Continuum |
Voltage 1920 Cell
De- [on Guide Mass 332.0 -
solvation Range 332.3 a.u.
(Diols)
313.9 - |
314.3 a.u.
(ABUK)
1.5 Approximate Retention Times of Known Analytes:
Analyte Approximate Retention Time* RRT
(min)
a-Diol 15.8 ﬂ 0.82
B-Diol 17.7 0.91
Oxycodone 19.5%% 1.00
14-Hydroxy Codeinone 23.0 1.18

* The retention time is extremely sensitive to the mobile phase.
** The peak is saturated.

1.6

Impurity Working Standard Solution Preparation

e Weigh 15 mg (+20 %, accurate to the second digit passed the decimal point) each of

14-Hydroxy Codeinone reference standard and 3-Diol into a 100 mL volumetric

flask. Dissolve and then dilute to the volume with MeOH. Sonicate for 30 sec and

mix well. This is the impurity stock solution.

e Transfer 2.0 mL of the impurity stock solution into a 100 mL volumetric flask, dilute

to volume with 0.2% TFA/H,0, and mix well. This is the impurity stock solution-2.



CA 02804101 2012-12-28
WO 2012/003468 PCT/US2011/042834

_24 -

e Transfer 5.0 mL of the impurity stock solution-2 into a 100 mL volumetric flask,
dilute to volume with 0.2% TFA/H,O, and mix well. This is the impurity working

standard solution.

1.7 Resolution Solution Preparation:
5 Accurately weigh 150 mg (+ 10 mg) of the Oxycodone material, which has the lowest
possible level of B-Diol, into a 10 mL volumetric flask. Dissolve and dilute to volume

with the impurity stock solution-2 (Sonication may be necessary).

1.8 Sample Solution Preparation:

In duplicate, accurately weigh 150 mg (£ 10 mg) of the sample into a 10 mL volumetric
10 flask. Dissolve the sample and dilute to volume with the diluent (Sonication may be

necessary ).

1.9 System Equilibration and Conditioning:

Pump Mobile Phase A through the column for at least 20 minutes followed by pump Mobile
Phase B for at least another 20 minutes at a flow rate of 0.8 mL/min. Switch to Initial assay
15 conditions and pump for at least 20 minutes.

1.10 Procedure:

o Separately inject the diluent as a blank.

e Inject the resolution solution once.

e Inject the impurity working standard three times.
20 o Inject each sample solution under the full gradient.

o Inject the diluent at the end.

e Quantify the level of 14-Hydroxy Codeinone in the sample by comparing to the averaged

corresponding peak specific response (SR) of the standard solution.

e Report the level of 14-Hydroxy Codeinone found in the sample to the nearest 0.0001%.

25 o Report the peak area of the diols for information only.

1.11 System Suitability:
The RRT of the inert diol (MS signal) relevant to the saturated Oxycodone (UV signal)

i1s NMT 0.95.
1.12 Calculations:
30 1.12.1 ABUK %w/w (in free base form):
%w/W = (ABUK in Sample**8 ™ }(100)(ABUK Std“°"m¢mly(ABUK Std Purity {in decimal})

(ABUK Std?v&FA) (Sample “°" ™&™L) x CF
Where: PA = Peak Area Std = Standard

35 Conversion Factor (CF) - MW of the base form
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MW of HC] Salt form
PPM = %w/w x 1000000

1.13 Typical Chromatograms:

Figure 1 shows a typical chromatogram using 0.2% TFA/H,O as Blank:
5 Figure 2 shows a typical chromatogram using a Resolution Solution (10 PPM ABUK
Spiked)
Figure 3 shows a typical chromatogram using a Resolution Solution (10 PPM (-Diol
Spiked):
Figure 4 shows a typical chromatogram using a Sample Solution (Containing ~ 3 PPM of

10  14-Hydroxy Codeinone)
Figure 5 shows a typical chromatogram using a Sample Solution (Containing ~ 30 PPM of

B-Diol)



10

15

20

25

CA 02804101 2012-12-28

WO 2012/003468 PCT/US2011/042834
=26 -
What is claimed:
1. A method of preparing oxycodone, comprising contacting 14-

hydroxycodeine with a catalyst under conditions sufficient to cause rearrangement of the

14-hydroxycodeine to form oxycodone free base.

2. The method of claim 1, wherein the 14-hydroxycodeine is formed by

reduction of 14-hydroxycodeinone.

3. The method of claim 2, wherein the 14-hydroxycodeinone is derived from

thebaine.

4. The method of claim 1, further comprising purifying the oxycodone free

base.

. The method of claim 1, further comprising converting the oxycodone free

base to an oxycodone salt.

6. The method of claim 3, wherein the 14-hydroxycodeinone contains at least
one isomer of 8,14-dihydroxy-7,8-dihydrocodeinone as an impurity and wherein, during the
reduction of 14-hydroxycodeinone to form 14-hydroxycodeine, the 8,14-dihydroxy-7,3-
dihydrocodeinone is reduced to at least one isomer of 8,14-dihydroxy-7,8-dihydrocodein-6-

ol.

7. The method of claim 6, wherein at least one isomer of 8,14-dihydroxy-7,8-

dihydrocodeinone is formed during oxidation of thebaine.

8. The method of claim 6, wherein the at least one isomer of 8,14-dihydroxy-
7,8-dihydrocodeinone is an alpha-isomer, a beta-isomer or both the alpha-isomer and the

beta-isomer at the C-8 hydroxyl group.

9. The method of claim 2, wherein the reduction comprises use of a hydride

reagent.

10.  The method of claim 9, wherein the hydride reagent is selected from L-

selectride, N-selectride and sodium borohydride.

11.  The method of claim 2, wherein the reduction is performed in a solvent or a

mixture of solvents.



10

15

20

CA 02804101 2012-12-28

WO 2012/003468 PCT/US2011/042834

-27 -

12.  The method of claim 11, where in the mixture of solvents comprises at least

one alcohol and at least one aprotic organic solvent.

13.  The method of claim 12, wherein the alcohol is selected from the group
consisting of methanol, ethanol, isopropanol, n-propanol, isobutanol, n-butanol and 2-

butanol.

14.  The method of claim 12, where in the aprotic organic solvent is selected
from the group consisting of methylene chloride, 1,2-dichloroethane, ethyl acetate,

isopropyl acetate, tetrahydrofuran, toluene, xylene and methyl tert-butyl ether.

15.  The method of claim 2, wherein less than 100 ppm of 14-hydroxycodeinone

is present after the reduction.

16. The method of claim 2, wherein less than 50 ppm of 14-hydroxycodeinone is

present after the reduction.

17. The method of claim 8, wherein 8a,14-dihydroxy-7,8-dihydrocodeinone is

undetectable after the 14-hydroxycodeinone is reduced.

18.  The method of claim 1, wherein the catalyst is a ligand-complexed metal

catalyst.
19.  The method of claim 18, wherein the ligand is a phosphine.
20. The method of claim 18, wherein the metal is rhodium or ruthenium.

21.  The method of claim 20, wherein the catalyst 1S

Ph ph

/

P\ /HOMe
Rh
N\
P HOMe

/\

Ph Ph

22.  The method of claim 1, wherein the contacting is performed in a solvent or a

mixture of solvents.
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73.  The method of claim 22, wherein the contacting is performed in said mixture
of solvents and wherein the mixture of solvents comprises at least one alcohol and at least

one aprotic organic solvent.

24.  The method of claim 23, wherein the alcohol is selected from the group
consisting of methanol, ethanol, isopropanol, n-propanol, isobutanol, n-butanol and 2-

butanol.

75.  The method of claim 23, where in the aprotic organic solvent is selected
from the group consisting of methylene chloride, 1,2-dichloroethane, ethyl acetate,

isopropyl acetate, tetrahydrofuran, toluene, Xylene and methyl tert-butyl ether.

26.  The method of claim 1, wherein the contacting is performed at a temperature

in a range from about 25°C to about 100°C.

27.  The method of claim 4, wherein the purifying comprises contacting the

oxycodone free base with a solution comprising sodium meta-bisulfite.

28. The method of claim 27, wherein the solution is a NayS;0s/Na;SOs buffered

solution.

29.  The method of claim 5, wherein the oxycodone salt is oxycodone

hydrochloride.

30.  An oxycodone free base having less than 25 ppm 14-hydroxycodeinone,

wherein the base is made by the method of claim 4.

31. The oxycodone free base of claim 30, wherein less than 10 ppm of 14-

hydroxycodeinone 1s present.

32.  The oxycodone free base of claim 30, wherein less than 5 ppm of 14-

hydroxycodeinone 1s present.
33.  An oxycodone free base made by the method of claim 27.

34. The method of claim 4, wherein the purifying comprises contacting the
oxycodone free base with a mixture comprising an alcohol, a palladium on carbon catalyst,

and hydrogen, and optionally a chlorinated solvent.

35. The method of claim 34, wherein the alcohol comprises at least one of methanol,

isopropanol, ethanol, and butanol.
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36. The method of claim 34, wherein the chlorinate solvent i1s dichloromethane,
dichloroethane, chloroform, or chlorobenzene.

37. The method of claim 34, wherein the palladium on carbon catalyst is 5% or 10%

by weight of palladium on carbon.

38. The method of claim 34, wherein the hydrogen is pressurized from about 15 psi

to about 50 psi.

39. The method of claim 34, wherein the contacting is performed at a temperature

from about 18°C to about 35°C.

40. The method of claim 34, wherein the oxycodone free base is isolated as a solid.

41. The method of claim 40, wherein the solid contains less than 10 ppm 8a,14-
dihydroxy-7,8-dihydrocodeinone.

42. The method of claim 41, wherein the 8a,14-dihydroxy-7,8-dihydrocodeinone is

undetectable.

43. The method of claim 40, wherein the solid contains less than 10 ppm 14-

hydroxycodeinone.

44. The method of claim 40, where in the solid contains less than 2 ppm 14-

hydroxycodeinone.

45. The method of claim 34, wherein the oxycodone free base is converted to

oxycodone hydrochloride salt and the salt is isolated as a solid.

46. The method of claim 45, wherein the oxycodone free base is not isolated as a

solid prior to said converting.

47. The method of claim 46, wherein the oxycodone hydrochloride salt contains less

than 5 ppm 14-hydroxycodeinone.

48. The method of claim 40, wherein the solid oxycodone free base is contacted with

ethanol.

49. The method of claim 48, wherein the contacting is performed at an elevated

temperaturc.
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50. The method of claim 48, wherein the oxycodone free base is re-isolated after the

contacting with ethanol.

51. The method of claim 50, wherein the re-isolated oxycodone free base contains

less than 5 ppm 8a., 14-dihydroxy-7,8-dihydrocodeinone.

52. The method of claim 51, wherein the 8a,14-dihydroxy-7,8-dihydrocodeinone is

undetectable.

53. The method of claim 50, wherein the re-isolated oxycodone free base contains

less than 5 ppm 14-hydroxycodeinone.

54. An oxycodone free base made by the method of claim 34 comprising
undetectable  8c,14-dihydroxy-7,8-dihydrocodeinone and less than 5 ppm 14-

hydroxycodeinone.

55. An oxycodone free base made by the method of claim 48 comprising

undetectable 8o, 14-dihydroxy-7,8-dihydrocodeinone and less than 5 ppm 14-

hydroxycodeinone.

56.  An oxycodone hydrochloride made by the method of claim 5 having less
than 25 ppm 14-hydroxycodeinone.

57.  The oxycodone hydrochloride of claim 56 having less than 10 ppm 14-

hydroxycodeinone.

58. The oxycodone hydrochloride of claim 56 having less than 5 ppm 14-

hydroxycodeinone.

59. The oxycodone hydrochloride of claim 56, wherein the 14-

hydroxycodeinone is undetectable.



CA 02804101 2012-12-28

WO 2012/003468 PCT/US2011/042834
115
031808
TFA-WATER-031808 POACR] 22 2
2.94 |
() 2759~ 32.17
2.39
4.0e-2
_ 00
o
-2.0e-2
-4 (-2
-0.0e-2
-8.0e-2
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
100 21.09 | TIC
24 57 19
24 94

o

\ TIME
000 500 1000 1500 2000 2500 3000 3500

FIG. 1

SUBSTITUTE SHEET (RULE 26)



CA 02804101 2012-12-28

WO 2012/003468 PCT/US2011/042834
2/5
031508
10ppm ABUK IN OXY 2055-125-031508-1 PDA CH1 220nm@1.20m
20.00 RANGE: 3
22
2.0
18
16
14
=2 1)
10
8.0e-1
0.0e-1
4 (e-1
2.0e-14 1.0
0.0
000 500 1000 1500 2000 2500  30.00  35.0
10ppm ABUK IN OXY 2055-125-031508-1 TOF MS ES+
TIC
. 2 9
o AREA, HEIGHT
TIME HEIGHT AREA AREA%
2234 244 57.28 100.00
\ TIME

0.00 5.00 1000 1500 2000  206.00 3000  35.00

SUBSTITUTEJ)@T (ZJLE 20)



PCT/US2011/042834

00b¢ 000 006l 008L  00Zb 009 006 00wk Q0EL  00¢Ch Q0L
JNIL 0y

CA 02804101 2012-12-28

3/5

SUBSTITUTE SHEET (RULE 26)

WO 2012/003468

087 -
09
| | | 268
00001 9769 88¢ 0v'll Wl 09
%Y3Y YUY LHOIFH WL \
LH9IFH Y34y ol
@ : (]
w,mz EEONIS-SI
+S3ISIN 0L ) wado|-wbwg -6z} -8z
000 0002 006,  0008h  00ZL 009 00,  00b  00CL 00T, 007))
|-80'-
00
L-90°G uﬂuvl
0')
022 3
259') 1INV ey tidce AN

AY4YY 30010 :Z wddo -wbwg}-6z71-81 72
0121



CA 02804101 2012-12-28
WO 2012/003468 PCT/US2011/042834

415

031508

A07A031506- PDA CH? 220nm@1.2nm
OXYCODONE HCI 2279-107A-031508-1 /083 1@t

2.2

2.0
1.8

1.6
1.4

m=2 1)
1.0

8.0e-1

0.0e-1

4.0e-1

20e-13 119

0.0
000 500 1000 1500 2000 2500 3000 3500

OXYCODONE HCI 2279-107A-031508:1 " TOF M ES#
100 : TIC

08

115
AREA, REIGHT
TIME REIGHT AREA AREA%

21.31 32 1066 49.27
22.23 0 11.00 50.78

o

\ TIME
000 500 1000 1500 2000 2500 3000 3500

FIG. 4

SUBSTITUTE SHEET (RULE 26)



CA 02804101 2012-12-28

PCT/US2011/042834

WO 2012/003468

5/5

g Ol

ms__mo.mm 00b¢  000¢ 006b  Q08L 00Zb 009F 004 00wk Q0EL 00Ch  Q0F "

o

09
00000 P00z €99 8EL 007
%3 Y3UY LHOIH L 76t 09
[HOI3H Y3y 0|
age’
I NIS-SIA
+STSIN 0L i,
07z 00l 0007 O006L 008 00Z 009 00k o0%h  ooeh o0z, ooy OldA3dLheive
906
00
G
0l
INOGOIAXO
G
. wgzz AN
oLt ¢ -JINVY 00¢-¢6 (¢ 010434/ 11-81 77

AvaaY 40010 -¢ 0101

SUBSTITUTE SHEET (RULE 26)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings

