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(+)-MORPHINANIUM QUATERNARY SALTS AND PROCESSES FOR THEIR PRODUCTION

CROSS REFERENCE TO RELATED APPLICATIONS
{0001] This application claims priority from U.S. Provisional Application No. 61/154,450

filed on February 23, 2009, which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION
10002] The present invention generally relates to quatemnary N-substituted salts of (+)-

morphinan alkaloids. In particular, the present invention provides (+)-morphinanium quaternary salts and
processes for producing (+)-morphinanium quaternary salts from the corresponding tertiary N-substituted

compounds.

BACKGROUND OF THE INVENTION
[0003] The (-)}-morphinanium quatemary salts of opiates such as morphine and codeine

have been known for over a century. Because of their ionic charge, these quaternary salts do not traverse
the blood brain barrier into the central nervous system, but they do retain good to excellent affinity for
peripheral opiate receptors. Consequently, the central nervous system activity of opiates responsible for
pain relief is not blocked by quaternary salt derivatives of opiate antagonists, such as R-(-)-
methyinaltrexone salt. Accordingly, of R-{-}-methylnaltrexone salt is used to mitigate the side effects {e.g.,
constipation) of systemic opiate analgesia. Recent research has shown that

(-}-morphinanium alkaloid salts are potent inhibitors of vascular endothelial growth factor (VEGF). VEGF
inhibitors are important adjuncts in the treatment of various tumors and the treatment of macular
degeneration.

[0004] More recent work has suggested that VEGF inhibitory activity appears to be
independent of the stereochemistry of the morphinan ring system. Thus, (+)-morphinanium quaternary
salts may be useful as improved VEGF inhibitors because they would not interact with peripherai opiate
receptors. There is a need, therefore, for processes for synthesizing quaternary saits of (+)-morphinan

alkaloids.
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SUMMARY OF THE INVENTION
[0005] The present invention provides {+)-morphinanium quaternary salts and synthetic

processes for producing (+)-morphinanium quaternary salts from tertiary N-substituted (+)-morphinan

alkaloids.
(0008} One aspect of the present invention encompasses a compound comprising
Formula (1):
x
R® Q)
wherein,

A is selected from the group consisting of {-}C(O)-}, {-}C(=CH2){-}, {-}CHz{-},
{HICHANY, and (A=)

Atis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;

R!, R2, and R7 are independently selected from the group consisting of hydrocarbyt and
substituted hydrocarbyl;

R3 and R¢ are independently selected from the group consisting of hydrogen, hydrocarbyl
and substituted hydrocarbyl;

R5 and RS are independently selected from the group consisting of hydrogen, hydrocarby!,
substituted hydrocarby!, halogen, {-}CH, and {-JOR’;
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Ré is selected from the group consisting of hydrogen, hydrocarbyl, and substituted
hydrocarbyl;

X is an anion;

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy;

Z is selected from the group consisting of hydroxy, pratected hydroxy, alkoxy, and acyloxy;
and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of (a) single bonds between
all carbon atoms, wherein the carbons at positions 6 and 14 may be connected by an alkano
bridge; (b) single bonds between the carbons at both positions 6 and 7 and 8 and 14, and a double
bond between the carbons at positions 7 and 8; and {c) double bonds between the carbons at both
positions 6 and 7 and 8 and 14, and a single bond between the carbons at positions 7 and 8,
wherein Y is not present if there is a double bond between the carbons at positions 8 and 14.
[0007] Another aspect of the invention provides a compound comprising Formula (1V):

RS (V)

wherein;

A is selected from the group consisting of {-}C(O)-}, {-JC(=CH2){-}, {-}CHz{-}, {-JCH{AN{-},
and
HICAT= |

Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;
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R1, R2, and R are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarby!;

R3 and R* are independently selected from the group consisting of hydrogen, hydrocarbyl
and substituted hydrocarbyl;

RS and RS are independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, halogen, {-}OH, and {-}ORY;

R8 is selected from the group consisting of hydrogen, hydrocarbyl, and substituted
hydrocarbyl;

X is an anion;

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy,

Z is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;

Z' is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of (a) single bonds between

all carbon atoms; (b) single bonds between the carbons at both positions 6 and 7 and 8 and 14,

and a double bond between the carbons at positions 7 and 8, wherein A is not {-}C{O){-} if there is

a double hond between the carbons at positions 7 and 8; and (c) double bonds between the

carbons at both positions 6 and 7 and 8 and 14, and a single bond between the carbons at

positions 7 and 8, wherein Y is not present if there is a double bond between the carbons at

positions 8 and 14.

[0008] A further aspect of the invention provides a process for the preparation of a (+)-
morphinanium quaternary salt. The process comprises contacting a (+)-morphinan comprising NR' at
position 17 with R2X to form the (+)-morphinanium quaternary salt comprising N*(R*)(R?)X- at position 17,
wherein R! and R2 are independently selected from the group consisting of hydrocarbyl and substituted
hydrocarbyl, and X is a leaving group.

[0009] Still another aspect of the present invention encompasses a process for the
preparation of a compound comprising Formula (). The process comprises contacting a compound
comprising Formula (1) with R2X to form the compound comprising Formula (li} according to the following

reaction:
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iy

wherein:

Ais selected from the group consisting of {-}C(O){-}, {-}C(=CHa){-}, {-}CHz{-}, {HCHIAN{},
and
{C(AN=}

Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarby!;

RY, R, and R7 are independently selected from the group consisting of hydrocarbyi and
substituted hydrocarbyf;

R3 and R4 are independently selected from the group consisting of hydrogen, hydrocarby
and substituted hydrocarbyl;

RS and RE are independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, halogen, {-}OH, and {-}OR;

R8 is selected from the group consisting of hydrogen, hydrocarbyl and substituted
hydrocarbyl;

X is a leaving group;

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy;

Z is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;
and
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the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of (a} single bonds between
all carbon atoms, wherein the carbons at positions 6 and 14 may be connected by an alkano
bridge; (b) single bonds between the carbons at both positions 6 and 7 and positions 8 and 14, and
a double bond between the carbons af positions 7 and 8; and {c} double bonds between the
carbons at both positions 6 and 7 and positions 8 and 14, and a single bond between the carbons
at positions 7 and 8, wherein Y is not present if there is a double bond between the carbons at
positions 8 and 14.

[0010] A further aspect of the invention provides a process for the preparation of a
compound comprising Formula (V). The process comprises contacting a compound comprising Formula

(I} with R2X to form the compound comprising Formula {1V} according to the following reaction:

R6
z
R4
RX _  z R®
B ‘a,’, R1
__._..._R1 é. ’ZE/ XE-)
t§——i—" N\
I 8, 16 RZ
e T?,f
RS (I RE (V)

wherein;

A iis selected from the group consisting of {-JC{O)}-}, {-}C{=CH2){-}, {-}CH2{-}, {-JCH(A"}{-},
and
{ICIANEY,

A'is selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl,

R! R, and R7 are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarbyl;
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R3 and R# are independently selected from the group consisting of hydrogen, hydrocarbyl
and substituted hydrocarby;

RS and Ré are independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, hatogen, {-JOH, and {-}OR7;

R8 is selected from the group consisting of hydrogen, hydrocarbyl, and substituted
hydrocarbyl;

X is aleaving group,

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy;

Z is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;

Z'is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of (a) single bonds between
all carbon atoms; (b) single bonds between the carbons at both positions 6 and 7 and 8 and 14,
and a double bond between the carbons at positions 7 and 8; and (c) double bonds between the
carbons at both positions 6 and 7 and 8 and 14, and a single bond between the carbons at
positions 7 and 8, wherein Y is not present if there is a double bond between the carbons at
positions 8 and 14.
[0011] Other aspecis and iterations of the invention are described in more detail below.

DETAILED DESCRIPTION OF THE INVENTION
[0012] The present invention provides quaternary N-substituted salts of (+)-morphinan

alkaloids. Also provided are efficient processes for synthesizing quaternary N-substituted salts of (+)-
morphinan alkaloids from tertiary N-substituted (+)-morphinan alkaloids. The process comprises converting

the tertiary amine of a (+)-morphinan compound into a {+)-morphinanium quaternary salt.

) (+)-Morphinanium Quaternary Salts
(a) compounds comprising Formula (Il)
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[0013] One aspect of the invention encompasses quaternary salt derivatives of (+)-

morphinan compounds. In one embodiment of the invention, the compound comprises Formula ().

RE

wherein:

A is selected from the group consisting of {-JC(O)N-}, {-}C(=CH2){-}, {-}CHz{-}, {-}JCH{AN}{-},
and
FICAE=

Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;

R, R2, and R7 are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarbyl;

R3 and R4 are independently selected from the group consisting of hydrogen, hydrocarbyl
and substituted hydrocarbyl;

R5 and RS are independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, halogen, {-}OH, and {-}OR7;

R8 is selected from the group consisting of hydrogen, hydrocarbyl, and substitufed
hydrocarbyl;

Xis an anion,

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy;
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Z is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;
and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of (a} single bonds between
all carbon atoms, wherein the carbons at positions 6 and 14 may be connected by an alkano
bridge; {b) single bonds between the carbons at both positions 6 and 7 and 8 and 14, and a double
bond between the carbons at positions 7 and 8; and (c) double bonds between the carbons at both

positions 6 and 7 and 8 and 14, and a single bond between the carbons at positions 7 and 8,

wherein Y is not present if there is a double bond between the carbons at positions 8 and 14.

[0014] As used herein, the term “substituted hydrocarby!” refers to a hydrocarbyl moiety
that is substituted with at least one heteroatom, including moieties in which a carbon chain atom is
substituted with a heteroatom, provided that the heteroatom does not react with an R2ZX compound, as
defined herein.

[0015] In preferred iterations, R3, R4, RS, and RS are each hydrogen. R'is preferably
alkyl, cycloalkyl, cycloalkylmethyl, allyl, or aryl; and even more preferably, methyl, ethyl, propyl,
cyclopropylmethyl, cyclobutylmethyl, allyl, benzyl, or propargyl. RZis preferably alkyl, allyl, alkenyl, or
alkaryl; and more preferably lower alkyl. In preferred iterations, X is halide, sulfate, methylsulfate,
ethylsulfate, benzenesulfonate, p-toluenesulfonate, fluoroborate, fluorosulfonate, methylsulfonate,
trifluoromethanesulfonate, hexachloroantimonate, hexafluorophosphate, or tetrafluoroborate. Preferred
halides include bromide, chioride, fluoride, and iodide. In general, X is pharmaceutically acceptable.

(0016 In an iteration of this embodiment, the compound comprises Formula (lla).

Z

{lla)

wherein:
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A is selected from the group consisting of {-JC{O){-}, {-}C(=CH2){-}, {-}CHz{-}, and {-

YCH(A{-}, wherein the carbons at positions 6 and 14 may be connected by an alkano bridge;

Ais selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;

R! and R2 are independently selected from the group consisting of hydrocarby! and
substituted hydrocarbyl;

Ré is selected from the group consisting of hydrogen, hydroxy, alkyl, substituted alkyl,
atkoxy, hydrocarbyl, and substituted hydrocarbyl;

X is an anion;

Y is selected from the group consisting of hydrogen, hydroxy, alkoxy, and acyloxy; and

Z is selected from the group consisting of hydroxy, alkoxy, and acyloxy.

[0017] Representative compounds comprising Formula (I1a) include quatetnary salts of
(+)-dihydromorphine, (+)-dihydrocodeine, (+)-hydrocodone, {+)-hydromorphone, (+)-oxycodone, (+)-
oxycodeinone, (+)-oxymorphone, (+)-oxymophinone, (+)-naloxone, (+)-naltrexone, (+)-nalbuphine, (+)-
nalfurafine, {+)-nalmefene, (+)-buprenorphine, and (+)-etorphine.

[0018] In another iteration of this embodiment, the compound comprises Formula (lIb):

z

{IIb}

wherein:

A is selected from the group consisting of {-JC(O){-}, {-}C(=CH2){-}, {-}CHz{-}, and {-
JCH(AN{-}; and

A1 R, R2 R8, X, Y, and Z are as defined above for compounds comprising Formula (lta).

[0019] Representative compounds comprising Formula (lIb) include quaternary salts of

10
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{+)-morphine, (+)-codeine, and {+)-morphine-6-glucoronide.
[0020] In a further iteration, the compound comprises Formula {lic):

z

(lic)

wherein:
A1 R, R2, R8, X, and Z are as defined above for compounds comprising Formula (lla).
[0021] Representative compounds comprising Formula {IIc) include quaternary salts of

(+)-thebaine and (+)-oripavine.

(b) compounds comprising Formula {IV)
[0022] In another embodiment of the invention, the compound comprises Formula (IV):

wherein:

11
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A is selected from the group consisting of {-}C(O){-}, {-}C(=CHz)}{-}, {-}CHa{-}, {-]JCH(A{-},
and
HICAN=

Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;

R1, R, and R7 are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarbyl;

R3 and R4 are independently selected from the group consisting of hydrogen, hydrocarbyl
and substituted hydrocarbyl;

R5 and RS are independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, halogen, {-}OH, and {-JOR?;

R8 is selected from the group consisting of hydrogen, hydrocarbyl, and substituted
hydrocarbyl;

X is an anion;

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy;

Zis selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;

7’ is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of (a) single bonds between
all carbon atoms; (b) single bonds between the carbons at both positions 6 and 7 and 8 and 14,
and a double bond between the carbons at positions 7 and 8, wherein A is not {-}C(C){-} if there is
a double bond between the carbons at positions 7 and 8; and (c) double bonds between the
carbons at both positions 6 and 7 and 8 and 14, and a single bond between the carbons at
positions 7 and 8, wherein Y is not present if there is a double bond between the carbons at
positions 8 and 14.
[0023) The term “substituted hydrocarbyl,” as used herein, refers to a hydrocarby! moiety

that is substituted with at least one heteroatom, including moieties in which a carbon chain atom is
substituted with a heteroatom, provided that the heteroatom does nof react with an R2X compound, as

defined herein.

12
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[0024] In preferred iterations, R3, R4, RS, and R® are each hydrogen. R'is preferably
alkyl, cycloalkyl, cycloalkylmethyl, allyl, or aryl; and even more preferably, methyl, ethyl, propyl,
cyclopropylmethyl, cyclobutylmethyl, allyl, benzyl, or propargyl. R2is preferably alkyl, allyl, alkenyl, or
alkaryl; and more preferably lower alkyl. In preferred iterations, X is halide, sulfate, methylsulfate,
ethylsulfate, benzenesulfonate, p-toluenesulfonate, fluoroborate, fluorosulfonate, methylsulfonate,
trifluoromethanesulfonate, hexachloroantimonate, hexafluorophosphate, or tetrafluoroborate. Preferred
halides include bromide, chloride, fluoride, and iodide. In general, X is pharmaceutically acceptable.

[0025] In one iteration, the compound comprises Formula (IVay):

zZ

(iva)

wherein:

A is selected from the group consisting of {-}C{O){-}, {-}C(=CH2){-}, {-}CH2{-}, and {-
JCH(AT) -

Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl,

R' and R? are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarbyl;

R8 is selected from the group consisting of hydrogen, hydroxy, alkyl, substituted alkyl,
alkoxy, hydrocarbyl, and substituted hydrocarbyl;

Xis an anion;

Y is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy; and

7 is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;

and

13



WO 2010/096788 PCT/US2010/024961

2 is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy,
[0026] Representative compounds comprising Formula (IVa) include quaternary salis of
(+)-dextrorphan, (+)-dextromethorphan and (+)-dihydrosinomenine.
{0027 In yet another iteration, the compound comprises Formula (IVb):

(VD)

wherein:
A is selected from the group consisting of {-JC(=CHa){-}, {-}CHz{-}, and {-}CH{A"){-}; and
Al R' R2 R X, Y, Z, and Z are as defined above for compounds comprising Formula

(IVa).
[0028] In a further iteration, the compound comprises Formula (1Vc):
¥X©
(IvVc)
wherein:
A1 R1, R2, R8 X, Y, Z, and Z are as defined above for compounds comprising Formula
(IVa).

14
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[0029] The compounds comprising Formulas (), (1), (b}, (lic), (fV), (IVa), (IVb}, and
(Ivc) all have a {+) orientation with respect to the rotation of polarized light. More specifically, each chiral
center has an R or an S configuration. In particular, the carbon at position 5, if chiral, has an S
configuration, the carbon at position 13 has an R configuration, the carbon at position 14, if chiral, has an R
configuration, and the carbon at position 9 has an S configuration. In each of the compounds of the
invention, the nitrogen at position 17 may comprise an R or an S configuration. In some embodiments, the
compound of the invention may comprise a chiral carbon at position 6, and its configuration may be R or 8.
In other embodiments, the compound of the invention may comprise a chiral carbon at position 7, and its

configuration may be R or S.

(1) Synthesis of (+)-Morphinanium Quaternary Salts

[0030] Another aspect of the invention provides processes for the synthesis of quaternary
salt derivatives of (+)-morphinan compounds. The processes comprise contacting a tertiary N-substituted
(+)-morphinan compound with R2X, wherein R2 is hydrocarbyl or substituted hydrocarbyl and X is a leaving

group, to form the quaternary N-substituted (+)-morphinanium salt,

(a) synthesis of compounds comprising Formula (ll)

[0031] In one embodiment, a (+)-morphinanium quaternary salt compound comprising
Formula (1) is synthesized from a (+)-morphinan compound comprising Formula (I). For purposes of
illustration, Reaction Scheme 1 depicts production of a compound comprising Formuta (Hf) in accordance

with one aspect of the invention:

15
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Reaction Scheme 1

R2X

Y

wherein:

Ais selected from the group consisting of {-}C{O}-}, {-}C(=CHa){-}, {-}CH2{-}, {ICH(ATY-},
and
HICATH=)

Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;

R?, R2, and R7 are independently selected from the group consisting of hydrocarbyt and
substituted hydrocarbyl;

R3 and R# are independently selected from the group consisting of hydrogen, hydrocarbyl
and substituted hydrocarbyl,

RS and Ré are independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, halogen, {-}OH, and {-}OR7;

R8 is selected from the group consisting of hydrogen, hydrocarbyl, and substituted
hydrocarbyt;

X is a leaving group,

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy,

7 is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;

and

16
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the dashed lines between the carbon atoms at positions 6 and 7,7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of {a} single bonds between
all carbon atoms, wherein the carbons at positions 6 and 14 may be connected by an alkano
bridge; (b) single bonds between the carbons at both positions 6 and 7 and positions 8 and 14, and
a double bond between the carbons af positions 7 and 8; and (c) double bonds between the
carbons at both positions 6 and 7 and positions 8 and 14, and a single bond between the carbons
at positions 7 and 8, wherein Y is not present if there is a double bond between the carbons at
positions 8 and 14.

[0032] The term “substituted hydrocarbyl," as used herein, refers to a hydrocarbyl moiety
that is substituted with at least one heteroatom, including moieties in which a carbon chain atom is
substituted with a heteroatom, provided that the heteroatom does not react with an RZX compound, as
defined herein.

[0033] In preferred iterations, R3, R4, R, and R® are each hydrogen. R'is preferably
atkyl, cycloalkyl, cycloalkyimethyl, allyl, or aryl; and even more preferably, methyl, ethyl, propyl,
cyclopropylmethyl, cyclobutylmethyl, aliyl, benzyl, or proparyl. R?is preferably alkyl, allyl, alkenyl, or
alkaryl; and more preferably lower alkyl. In preferred iterations, X is halide, sulfate, methylsuifate,
ethylsulfate, benzenesulfonate, p-toluenesulfonate, fluoroborate, fluorosulfonate, methylsulfonate,
trifluoromethanesulfonate, hexachloroantimonate, hexafluorophosphate, or tetrafluoroborate. Preferred
halides include bromide, chioride, fluoride, and iodide. In general, X is pharmaceutically acceptable.

[0034] In one iteration of this embodiment, the compound comprising Formula (I1)
comprises Formula (lla). For purposes of ilfustration, Reaction Scheme 2 depicts production of the

compound comprising Formula (lla) in accordance with this aspect of the invention:

17



WO 2010/096788 PCT/US2010/024961

Reaction Scheme 2

wherein:
A is selected from the group consisting of {-}C{O){-}, {-}C(=CHa){-}, {-}CHzf-}, and {-
JCH(AN{-}, wherein the carbons at positions 6 and 14 may be connected by an alkano bridge;
Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;
R and R2 are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarbyl;
R8 is selected from the group consisting of hydrogen, hydroxy, alkyl, substituted alkyl,
alkoxy, hydrocarbyl, and substituted hydrocarbyl;
X is a leaving group;
Y is selected from the group consisting of hydrogen, hydroxy, alkoxy, and acyloxy; and
Z is selected from the group consisting of hydroxy, alkoxy, and acyloxy
[0035] Representative compounds comprising Formula (fla) include quaternary salts of
(+)-dihydromorphine, (+)-dihydrocodeine, (+)-hydrocodone, (+)-hydromorphone, (+)-oxycodone, (+)-
oxycodeinone, (+)-oxymorphone, (+)-oxymophinone, (+)-naloxone, (+)-naltrexone, (+)-nalbuphine, {+)-
nalfurafine, (+)-nalmefene, (+)-buprenorphine, and {+)-etorphine.
[0036] In another iteration of this embodiment, the compound comprising Formula (11}
comprises Formula (lIb). Reaction Scheme 3 depicts the synthesis of the compound comprising Formula

(IIb) in accordance with this aspect of the invention:
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Reaction Scheme 3

»
"wHo P
N N .

16 R2

{llb)

(Ib)

wherein;
A is selected from the group consisting of {-}C(O){-}, {-}C(=CH2){-}, {-}CH2{-}, and {-
}CH{AN{-}; and
AL R, R, R8 X, Y, and Z are as defined above for Reaction Scheme 2.
[0037] Representative compounds comprising Formula (Ilb) include quaternary salts of
(+)-morphine, (+)-codeine, and (+)-morphine-6-glucoronide.
[0038] In yet another iteration of this embodiment, the compound comprising Formula 1)
comprises Formula (llc). For illustrative purposed, Reaction Scheme 4 depicts the production of the

compound comprising Formula (lic) in accordance with this aspect of the invention:

Reaction Scheme 4

{lic)

wherein:
Al R! Rz R8 X and Z are as defined above for Reaction Scheme 2.
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[0039] Representative compounds comprising Formula (flc) include quaternary salts of
(+)-thebaine and (+)-oripavine.

({+)] synthesis of compounds comprising Formula {IV)

[0040] In another embodiment of the invention, a (+)-morphinanium quaternary sait
compound comprising Formula (IV) is synthesized from a (+)-morphinan compound comprising Formula
(Ill). For purposes of illustration, Reaction Scheme 5 depicts production of a compound comprising

Reaction Scheme 5

RB

(i)
Formula (IV) in accordance with this aspect of the invention:

R ()

wherein:

A is selected from the group consisting of {-JC(O){-}, {-}C(=CHa){-}, {-}CHa{-}, {-}CH{A"){-},
and
HICATEY

Atis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;

R!, R2, and R7 are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarbyi;

R3 and R are independently selected from the group consisting of hydrogen, hydrocarbyl
and substituted hydrocarbyl,
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RS and Ré are independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, halogen, {-}OH, and {-JOR?;

R8 is selected from the group consisting of hydrogen, hydrocarbyl, and substituted
hydrocarbyl;

X is a leaving group;

Y, if present, is selected from the group consisting of hydrogen, hydroxy, protected
hydroxy, alkoxy, and acyloxy;

Z is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;

Z'is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and 14
represent carbon to carbon bonds selected from the group consisting of (a) single bonds between

all carbon atoms; (b) single bonds between the carbons at both positions 6 and 7 and 8 and 14,

and a double bond between the carbons at positions 7 and 8; and (c) double bonds between the

carbons at both positions 6 and 7 and 8 and 14, and a single bond between the carbons at
positions 7 and 8, wherein Y is not present if there is a double bond between the carbons at

positions 8 and 14.

[0041] As used herein, the term “substituted hydrocarbyl” refers to a hydrocarbyl moiety
that is substituted with at least one heteroatom, including moieties in which a carbon chain atom is
substituted with a heteroatom, provided that the heteroatom does not react with an R2X compound, as
defined herein.

[0042] In preferred iterations, R3, R4, RS, and Ré are each hydrogen. R is preferably
alkyl, cycloalkyl, cycloalkylmethyl, allyl, or aryl; and even more preferably, methyl, ethyl, propyl,
cyclopropylmethyl, cyclobutylmethyl, allyi, benzyl, or propargyl. R2is preferably alkyl, allyl, alkenyl, or
alkaryl; and more preferably lower alkyl. In preferred iterations, X is halide, sulfate, methylsulfate,
ethylsulfate, benzenesulfonate, p-foluenesulfonate, fluoroborate, fluorosulfonate, methylsulfonate,
trifluoromethanesulfonate, hexachloroantimonate, hexafluorophosphate, or tetrafluoroborate. Preferred
halides include bromide, chloride, fluoride, and iodide. In general, X is pharmaceutically acceptable.

[0043] In an iteration of this embodiment, the compound comprising Formula (IV)
comprises Formula (IVa). Reaction Scheme 6 depicts the synthesis of the compound comprising Formula

(IVa) in accordance with this aspect of the invention:
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‘ RX
N—R! )(e
(Iia)
wherein.
A is selected from the group consisting of {-}C{O){-}, {-}C{=CH2){-}, {-}CHz{-}, and {-
ICH(ATY-H

Alis selected from the group consisting of hydroxy, alkoxy, acyloxy, amido, hydrocarbyl,
and substituted hydrocarbyl;

R! and R2 are independently selected from the group consisting of hydrocarbyl and
substituted hydrocarbyl;

R8 is selected from the group consisting of hydrogen, hydroxy, alkyl, substituted alkyl,
alkoxy, hydrocarbyl, and substituted hydrocarbyl;

Xis a leaving group;

Y is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy; and

Z is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, and acyloxy;

and

Z' is selected from the group consisting of hydrogen, hydroxy, protected hydroxy, alkoxy,
and acyloxy.
[0044] Representative compounds comprising Formula (IYa) include quaternary salts of

(+)-dextrorphan, (+)-dextromethorphan, and (+)-dihydrosinomenine.

[0045] In another iteration of this embodiment, the compound comprising Formula (IV)
comprises Formula (IVb). For purpose of illustration, Reaction Scheme 7 depicts synthesis of the
compound comprising Formula (IVh) in accordance with this aspect of the invention:
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Reaction Scheme 7

RX
__._R1
(i)
wherein:
A R' R2 R8 X Y, Z and Z' are as defined above for Reaction Scheme 6.
[0046] Representative compounds comprising Formula {IVb) include quaternary salts of
(+)-sinomenine.

[0047] In a further iteration of this embodiment, the compound comprising Formula {IV)

comprises Formula (IVc). Reaction Scheme 8 depicts production of the compound comprising Formula

(IVe) in accordance with this aspect of the invention:

Reaction Scheme §

(I (V)

wherein:
Al R R2, R8 X, Z, and Z' are as defined above for Reaction Scheme 6.

(c} reaction mixture
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[0048] The process of the invention commences with formation of a reaction mixture by
combining a compound comprising Formulas (1) or (Iil) with R2X. Suitable R? and X groups are defined
above. Thus, for example, R2X may be a methyl, ethyl, propyl, allyl, cyclopropyl, cyclopropylmethyl,
propargyl, or benzyl halide or another X group as defined above. Non-limiting examples of R?X include
methyl bromide, methyl chioride, allyl iodide, cyclopropylmethyl bromide, dimethyl sulfate, diethyl sulfate,
di{cyclopropylmethyl) sulfate, methy! fluorosulfonate, trimethyloxonium fluoroborate, triethyloxonium
fluoroborate, trimethyloxonium hexachloroantimonate, n propyl or n-octy! trifiuoromethane sulfonate,
trimethyloxonium hexafluorophosphate, methyl trifluoromethane sulfonate, methyl iodide, and allyl
triflucromethanesulfonate. In a preferred embodiment, RZX is methyl bromide.

[0049] The mole-to-mole ratio of the compound comprising Formulas (1) or (I1f) to R2X can
and will vary. In general, the mole-to-mole ratio of the compound comprising Formulas (1) or (Il1) to R2X
may range from about 1:1 to about 1:2. In some embodiments, the mole-to-mole ratio of the compound
comprising Formulas {1} or (Ill) to R2X may be about 1:1, 1:1.1, 1:1.2, 1:1.3, 1:14, 1:1.5, 1:1.6, 1:1.7, 1:18,
1:1.9, or 1:2. In preferred embodiments the mole-to-mole ratio of the compound comprising Formulas (1) or
(I1l) to R2X may range from about 1:1 to about 1:1.5. Furthermore, the rate of addition of R2X to the
compound comprising Formulas (I} or (Ill) may vary. Typically, the rate of addition of RZX may range from
0.002 to about 0.02 equivalents of R2X per minute per equivalent of the compound comprising Formulas (/)
or (I1l) in the reaction mixture.

{0050] The reaction mixture, as detailed herein, also comprises a solvent system. In
general, the solvent system is anhydrous. That s, the solvent system comprises less than about 0.5% of
water by weight, typically less than about 0.2% of water by weight, and in some embodiments, less than
about 0.05% of water by weight. The solvent system typically comprises an aprotic solvent. Non-limiting
examples of suitable aprotic solvents include acetonitrile, 1,4-dioxane, N,N-dimethylacetamide (DMAC),
N,N-dimethylformamide (DMF), N-methyl-2-pyrrolidinone (NMP), hexamethyliphosphoramide, (HMPA), and
combinations thereof. In a preferred embodiment, the aprotic solvent is N-methyl-2-pyrrolidinone (NMP).
The solvent system may additionally comprise an organic solvent such as ether, hydrocarbon, toluene,
benzene, halobenzene, xylenes, or combinations thereof. In general, the solvent system comprises at least
about 50% of the aprotic solvent by weight, at least about 75% of the aprotic solvent by weight, or at least
about 90% of the aprotic solvent by weight.

[0051] The amount of solvent system in the reaction mixture may vary. Typically, the

weight-to-weight ratio of solvent system to the compound comprising Formulas (1) or (i) may range from
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about 1.5:1 to about 2.0:1. In some embodiments, the weight-to-weight ratio of solvent system to the
compound comprising Formulas (1) or (lll) may be about 1.5:1. 1.55:1, 1.68:1, 1.85:1, 1.7:1, 1.75:1, 1.8:1,
1.85:1, 1.9:1, 1.95:1, or 2.0:1.

[0052] In some embodiments, the compound comprising Formuia (1) or ([II) may have an
hydroxy group on position 3 (i.e., 3-hydroxy), wherein reaction with R2X may yield undesirable 3-
alkyloxymorphinan compounds. To prevent such side reactions, an acid may be added to the reaction
mixture to suppress ionization of the phenolic 3-hydroxy group. Suitable acids include strong mineral or
organic acids. For example, the acid may be a carboxylic acid, a phosphonic acid, a sulfonic acid, ora
mixture thereof. Alternatively, a small amount of a preformed alkaloid acid salt may be added to its alkaloid
base in order to suppress ionization of the alkaloid base; for example, naltrexone hydrobromide may be
added to naltrexone base. By way of further example, the acid may be HBr, HCl, H2SQ4, NaHSO4,
NaH,PO4, or NazHPOs. In preferred embodiments, the acid may be HBr gas or HCI gas. Preferably, the
acid is also anhydrous. That is, the acid may comprise less that about 0.5% of water by weight, less than
about 0.2% of water by weight, or more preferably, less than about 0.05% of water by weight. Those of
skill in the art will also appreciate that the 3-hydroxy of the compound comprising Formulas (1) or {Iil) may
be protected with a hydroxy protecting group prior to the reaction of the invention.

(d) reaction conditions

[0053] The quaternization reaction may be carried out over a wide range of temperatures
and pressures. Typically, the reaction will be carried out at a temperature that ranges from about room
temperature (i.e., about 25°C) to about 90°C. In preferred embodiments, the temperature of the reaction
may range from about 55°C to about 85°C. In some embodiments, the temperature of the reaction may be
about 55°, 60°, 65°, 70°, 75°, 80°, or about 85°C. In general, the reaction will be conducted at a pressure
of no more than about 4 atmospheres. In preferred embodiments, the pressure of the reaction may range
from about 1 to about 2 atmospheres. In other embodiment, the reaction may occur at atmospheric
pressure.

[0054] The duration of the reaction can and will vary. For example, the reaction may be
allowed to proceed from about several hours to about several days. Typically, however, the reaction is
allowed to proceed for a sufficient period of time until the reaction is complete, as determined by means
well known to those of skill in the art. In this context, a “completed reaction” generally means that the final

reaction mixture contains a significantly diminished amount of the compound comprising Formutas (1) or (lif
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and a significantly increased amount of the compound comprising Formulas (11} or (IV) compared to the
amounts of each present at the beginning of the reaction. Typically, the amount of the compound
comprising Formulas (1) or (Ill) remaining in the final reaction mixture may be less than about 5%, and
preferably less than about 1%.

[0055] When the reaction is completed, the reaction mixture is generally cooled to at ieast
about room temperature, such that the reaction product may be isolated. In some embodiments, a solvent
of lower polarity in which the reaction product is not soluble may be added to the cooled reaction mixture to
facilitate precipitation of the quatemnary reaction product while leaving the unreacted tertiary substrate in
solution. Examples of suitable solvents include, but are not limited fo acetone, chloroform,
dichloromethane, ethyl acetate, propyl acetate, methyl ethyl ketone, methyl butyl ketone, ether, t-
butylmethylether, 2-methyltetrahydrofuran, hydrocarbon, toluene, benzene, chlorobenzene, bromobenzene,
and mixtures thereof. The reaction mixture may be optionally cooled further to about 0°C to about 5°C.

The precipitated product generally is separated from the remaining reaction mixture by filtration, and is
washed and dried to produce the final product, namely the compound comprising Formulas (il) or (IV). The
yield of the compound comprising Formutas (I1) or (V) typically will range form about 50% to about 99%. In
some embodiments, the yield of the compound comprising Formulas {11} or {{V) may be at least about 50,
55, 60, 65, 70, 75, 80, 85, 90, or 95%.

[0056] in embodiments in which X is a halide, the compound comprising Formulas (i1} or
(IV) comprises a halide anion. This anion may be exchanged by treating the compound with a protic acid,
thereby replacing the halide ion with another anion such as nitrate, sulfate, phosphate, or another halide

ian.

DEFINITIONS

[0057] The compounds described herein may have asymmetric centers. Compounds of
the present invention containing an asymmetrically substituted atom may be isolated in optically active or
racemic form. All chiral, diastereomeric, racemic forms and all geometric isomeric forms of a structure are
intended, unless the specific stereochemistry or isomeric form is specifically indicated. All processes used
to prepare compounds of the present invention and intermediates made therein are considered to be part of
the present invention.

[0058] The term “acyl,” as used herein alone or as part of another group, denotes the moiety

formed by removal of the hydroxy group from the group COOH of an organic carboxylic acid, e.g., RC(O)-,
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wherein R is R?, R10-, R'R2N-, or R'S-, Rt is hydrocarbyl, heterosubstituted hydrocarbyi, or heterocyclo,
and R? is hydrogen, hydrocarbyl, or substituted hydrocarbyl.

[0059] 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), e.g., RC(O)}O- wherein R is as
defined in connection with the term “acyl.”

[0060] The term “alkyl” as used herein describes groups which are preferably lower alkyl
containing from one to eight carbon atoms in the principal chain and up to 20 carbon atoms. They may be
straight or branched chain or cyclic and include methyl, ethyl, propyl, isopropyl, butyl, hexyl and the like.

[0061} The term “atkenyl” as used herein describes groups which are preferably lower
alkenyl containing from two to eight carbon atoms in the principal chain and up to 20 carbon atoms. They
may be straight or branched chain or cyclic and include ethenyl, propenyl, isopropenyl, butenyl, isobutenyl,
hexenyl, and the like.

[0062] 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 to 20 carbon atoms. They
may be straight or branched chain and include ethynyl, propynyl, butynyl, isobutynyl, hexynyl, and the like.

[0063] The term “aromatic” as used herein alone or as part of another group denotes
optionally substituted homo- or heterocyclic aromatic groups. These aromatic groups are preferably
monocyclic, bicyclic, or tricyclic groups containing from 6 to 14 atoms in the ring portion. The ferm
"aromatic” encompasses “aryl” groups defined below.

[0064] The term "aryl" or "Ar" as used herein alone or as part of another group denote
optionally substituted homocyclic aromatic groups, preferably monocyelic or bicyclic groups containing from
6 to 12 carbons in the ring portion, such as phenyl, biphenyl, naphthyl, substituted phenyl, substituted
biphenyl or substituted naphthyl. Phenyl is the preferred aryl.

[0065] The terms "halogen" or "halo" as used herein alone or as part of another group
refer to chlorine, bromine, fluorine, and iodine.

[00686) The term "halide” refers to bromide, chloride, fluoride, or iodide ions.

[0067] The term *heteroatom” refers to atoms other than carbon and hydrogen.
Examples of heteroatoms include nitrogen, oxygen, silicon, phosphorous, boron, sulfur, and halogen,
provided that the heteroatom does not react with an R2X compound, as defined herein.

[0068] The terms "heterocyclo” or "heterocyclic” as used herein alone or as part of

another group denote optionally substituted, fully saturated or unsaturated, monocyclic or bicyclic, aromatic
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or non-aromatic groups having at least one heteroatom in at least one ring, and preferably 5 or 6 atoms in
each ring, provided that the heteroatom does not react with an R2X compound, as defined herein. 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.

[0089] The terms "hydrocarbon” and “hydrocarbyl” as used herein describe organic
compounds or radicals consisting exclusively of the elements carbon and hydrogen. These moieties
include alkyl, alkenyl, alkynyl, and aryl moieties. These moieties also include alkyl, alkenyl, alkynyl, and
aryl moieties substituted with other aliphatic or cyclic hydrocarbon groups, such as alkaryl, alkenaryl and
alkynaryl. Unless otherwise indicated, these moieties preferably comprise 1 to 20 carbon atoms.

[0070] The term “profecting group” as used herein denotes a group capable of protecting
an oxygen atom, wherein the protecting group may be removed, subsequent to the reaction for which
protection is employed, without disturbing the remainder of the molecule. Exemplary protecting groups
include ethers (e.g., allyl, triphenylmethyl (trityl or Tr), p-methoxybenzyl (PMB), p-methoxyphenyl (PMP)),
acetals (e.g., methoxymethyl (MOM], B-methoxyethoxymethyi (MEM), tetrahydropyranyl (THP), ethoxy
ethyl (EE), methylthiomethyl (MTM), 2-methoxy-2-propyl (MOP), 2-trimethylsilylethoxymethyt (SEM)),
esters (e.g., benzoate (Bz), allyl carbonate, 2,2,2-trichloroethyl carbonate (Troc), 2-trimethylsilylethyl
carbonate), silyl ethers {e.g., trimethylsityl (TMS), triethylsilyl (TES), triisopropylsityl (TIPS), triphenylsilyl
(TPS), t-butyldimethylsilyl (TBDMS), t-butyldiphenylsilyl (TBDPS) and the like. A variety of protecting
groups and the synthesis thereof may be found in “Protective Groups in Organic Synthesis™ by T.W.
Greene and P.G.M. Wuts, John Wiley & Sons, 1999.

[0071) The “substituted hydrocarbyl” moieties described herein are hydrocarbyl moieties
that are substituted with at least one heteroatom, including moieties in which a carbon chain atom is
substituted with a heteroatom, provided that the heteroatom does not react with an R2X compound, as
defined herein. Suitable substituents include halogen, heterocyclo, alkoxy, alkenoxy, aryloxy, hydroxy,
protected hydroxy, acyl, acyloxy, nitro, amido, nitro, cyano, ketals, acetals, esters and ethers.

[0072} When introducing elements of the present invention or the preferred
embodiments(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that there are one or
more of the elements. The ferms "comprising", "including” and "having" are intended to be inclusive and
mean that there may be additional elements other than the listed elements.

[0073] Having described the invention in detalil, it will be apparent that modifications and

variations are possible without departing from the scope of the invention defined in the appended claims.
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EXAMPLES

[0074] The following examples illustrate various embodiments of the invention.

Example 1: Synthesis of R-3-Acetoxy-{+)-Naltrexone Methobromide
[0075] The following reaction scheme depicts the synthesis of 3-acetoxy-(+)-naltrexone
methobromide:

[0076] A solution of 3-acetoxy-{+)-naltrexone in 1-methyl-3-pyrrollidinone (NMP} (732.2 g
of 30% wtiwt solution, 0.57 moles) may be added to a 1-L, 5-neck, jacketed pressure reactor equipped with
a polished glass stirring shaft, mechanical stirrer, reflux condenser, pressure manifold, thermowell, and 1/8”
(id) addition line. Methyl bromide (MeBr, 107.9 ¢, 1.14 moles) then may be added subsurface through the
addition line with vigorous stirring of the solution over a 1-hour period. The amount of MeBr is determined
by a difference in the initial and final weights of a MeBr lecture bottle. During the addition, the temperature
of the reaction mixture may increase to about 33°C (yellow solution) with a maximum pressure of 3-4 psi.
After the appropriate amount of MeBr is added, the reactor headspace may be evacuated and re-
pressurized with MeBr (to about 2 psi) twice before heating to 60°C. At60°C, a pressure of 2-4 psi may be
observed. The reaction mixture may be stirred overnight (15 hours) with no pressure remaining over the
yellow solution. Aqueous hydrogen bromide (HBr, 1.0 equiv, 0.57 moles, 96.58 g of 48 wt.%) may be
added slowly at 60°C over a 30-minute period. The reactor may be vented into NMP in order to trap
gaseous methyl bromide that is generated during the HBr addition. During the addition, the reaction
temperature may increase to about 64°C. The reaction femperature then may be increased to 80°C over a
1.5-hour period, wherein evolution of methyl bromide ceases. The mixture may be stired at 80°C for 2
hours, wherein precipitation occurs. After 5 hours at 80°C, the slurry may be analyzed by HPLC.
Preferably, only a minor amount of 3-acetoxy-(+)-naltrexone methobromide remains in the slurry (<0.5% by
area). The mixture then may be transferred to a 2-L three-neck round-bottomed flask equipped with a

glass stirring shaft, mechanical stirrer, reflux condenser, and thermocouple under a nitrogen atmosphere.
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The mixture may be cooled to about 56°C and methanol (512.5 g, 1.0 wt equiv. based on the amount of
NMP charged) may be added quickly to facilitate crystallization of methobromide salts. The slurry then may
be cooled to about 20°C over a 30-minute period and then fo about 5-10°C in an ice bath. The slurry may
be stirred for 1 hour at 5-10°C, filtered, and the product washed with cold methanol (319 mL, 1.45 mL/g of
starting material to afford product as a white solid (e.g., about 236.1 g of product; 87.2%). The crude
product may be analyzed by HPLC (e.g., it may contain 88.54% R and 1.47% S diastereomers).

Example 2: Synthesis of R-(+)-Naltrexone Methobromide

[0077] The following reaction scheme depicts the synthesis of (+)-naltrexone
HO HO
- d Br
- ©
N
N
O
methobromide:
[0078] Fresh anhydrous 1-methyl-2-pyrrolidinone (50 mL) may be added to a 3-necked

250 mL flask fitted with a thermocouple, addition funnel, condenser, and a mechanical stirrer under a
sweep of dry nitrogen. The solution may be heated to 55°C. The addition funnel may be replaced with a
powder funnel and anhydrous (+)naltrexone base (39.5 grams) added with stirring. After the funnel is
“washed down" with 10 mL of additional 1-methyl-2-pyrrofidinone, the temperature may be is adjusted to
55-58 °C and the addition funne! replaced on the flask. Separately, 10 mL of anhydrous 1-methyl-2-
pyrrolidinone may be cooled in a graduated cylinder, and methyl bromide gas may be condensed in a
lecture bottle using an ice bath and 10 mL measured out as a liquid into another cold graduated cylinder.
The cold methyl bromide liquid and 1-methyl-2-pyrrolidinone may be combined and mixed. The methyl
bromide solution may be poured into the addition funnel and added dropwise to the (+) naltrexone solution
under a slow sweep of dry nitrogen. The temperature of the solution may increase to about 66°C. The
reaction temperature and time may be set at 62.5°C for nine hours. After an hour, a fine white suspension
of R-{+)-naltrexone methobromide may begin to form. At the end of nine hours the heating may be
discontinued and the mixture may be aflowed to cool to room temperature with stirring overnight. Acetone
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(75 mL) may be poured into the suspension to facilitate the precipitation of product. The slurry may be
cooled to ice bath temperature and stired. The preduct may be recovered by vacuum filiration and washed
with 25 mL of additional acetone. The product may be dried to a constant weight in a vacuum oven set at

60°C. The yield of the unpurified salts may be about 31.8 .

Example 3: Synthesis of R-{(+)-Naloxone Methobromide

[0079] Anhydrous 1-methyl-2-pyrrolidinone (5 mL) may be added to a 25 mL flask fitted
with a condenser and stirting bar under a sweep of dry nitrogen. Anhydrous (+)naloxone base (4.11
grams) may be added with stirring. Methyl bromide gas may be condensed in a lecture bottle using an ice
bath and 0.5 mL measured out as a liquid in another cold graduated cylinder. The methyl bromide may be
poured into the nalfrexone base suspension under a slow sweep of dry nitrogen. The reaction temperature
and time may be set at 60°C for ten hours. At the end of ten hours the heating may be discontinued and
the mixture allowed to cool to room temperature with stirring overnight {or longer). Acetone (10 mL) may
be added to the suspension to facilitate the precipitation of the product. The slurry may be cooled to ice
bath temperature with stiming. The product may be recovered by vacuum filtration and washed with
additional acetone. The product may be dried in a vacuum oven set at 60°C for two hours. For example,
2.89 grams of the crude product may be recovered. Recrystaliization from methanol/water (20 30 mL, 8:2)
may yield 2.43 grams of a white crystalline salt.

Example 4: Synthesis of R-(+)-Nalfurafine Methoiodide

[0080] (+)-Nalfurafine (2.0 g, 4.3 mmol), ethyl acetate (60 mL}), methanol (6 mL), and
methyl iodide (1.3 mL) may be placed together in a sealed reactor, The reactor contents may be stirred at
100°C for about four days. Methanol (60 mL) may be added to the reaction solution to facilitate
precipitation of the product. The precipitated solid may be dissolved and concentrated. Distilled water (400
mL) may be added to the resulting residue. This aqueous solution may be washed with chloroform (7 x 100
mL). The water phase may be concentrated. The resulting residue may be recrystallized from ethyl
acetate-methanol. The resulting crystal may be dissolved in distilied water (500 mL). This aqueous
solution may be washed with chloroform (3 x 100 mL). The water phase may be concenfrated. The
resulting residue may be recrystallized three times from methano!. As an example, 102 mg of the product,

R-(+)-nalfurafine methoiodide, may be obtained.
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Example 5: Synthesis of R-(+)-Oxycodone Cyclopropylmethobromide
[0081] The following reaction scheme depicts the synthesis of (+)-oxycodone

cyclopropylmethobromide:

[0082) A reactor was charged with (+)-oxycodone (0.5 g, 1.595 mmol) and 2 mL of 1-
methyl-3-pyrrollidinone (NMP). The reactor was flushed with nitrogen and the mixture was kept under
nitrogen throughout the reaction. Cyclopropyimethylbromide (0.2 mL, 1.3 eq) was added and the reaction
mixture was heated to 68°C for 3 h. Samples were removed at 1 h, 2 h, and 3 h for analysis; the reaction
was complete after 2 h. The reaction mixture was cooled to room temperature. Acetone (4 mL) was added
and the mixture was stirred at 20°C for 1 h. The solids were filtered and washed with acetone (3 x 2 mL);
0.2 g of salid was recovered. The filtrate and acetone wash were pumped down (and washed with water)
to give another 0.22 g of solid. The solids were combined, charged with water (5 mL, stirred at rt for 2 h),
and filtered. The solid was washed with water (3 x 2 mL), dried in a vacuum oven at 65°C for 18 h to give
0.36 g of white solid.
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CLAIMS
What Is Claimed Is:

1. A compound comprising Formuia (l1):

(1
wherein;

Ais chosen from (-}C(O){-}, {-JC(=CHz){-}, {-}1CHz2{-}, {-}CHIAN-}, and {-}C{AT}=};

Alis chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyi;

R1, R2, and R7 are independently chosen from hydrocarbyl and substituted
hydrocarbyl;

R3 and R4 are independently chosen from hydrogen, hydrocarbyl and substituted
hydrocarbyl;

RS and R¢ are independently chosen from hydrogen, hydroéarbyl, substituted
hydrocarbyl, halogen, {-}OH, and {-}OR’;

R is chosen from hydrogen, hydrecarbyl, and substituted;

X is an anion;

Y, if present, is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and
acyloxy;

Z is chosen from hydroxy, protected hydroxy, alkoxy, and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and
14 represent carbon to carbon bonds chosen from (a) single bonds between all carbon atoms,

wherein the carbons at positions 6 and 14 may be connected by an alkano bridge; (b) single
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bonds between the carbons at both positions 6 and 7 and 8 and 14, and a double bond

between the carbons at positions 7 and 8; and (c) double bonds between the carbons at both
positions 6 and 7 and 8 and 14, and a single bond between the carbons at positions 7 and 8,
wherein Y is not present if there is a double bond between the carbons at positions 8 and 14.

The compound of claim 1, wherein the compound comprises Formula (lla):

Z

(la)

wherein:

A'is chosen from {-JC(O}{-}, {}C(=CH2){-}, {-JCHa{-}, and {-JCH(A")}{-}, wherein the
carbons at positions 6 and 14 may be connected by an alkano bridge;

Ats chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyl;

R and R2 are independently chosen from hydrocarbyl and substituted hydrocarbyl;

R8 is chosen from hydrogen, hydroxy, alkyl, substituted alkyl, atkoxy, hydrocarbyl, and
substituted hydrocarbyl;

Xis an anion;

Y is chosen from hydrogen, hydroxy, alkoxy, and acyloxy; and

Z is chosen from hydroxy, alkoxy, and acyloxy.
The compound of claim 1, wherein the compound comprises Formula (lb):
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'7,’/ R1
s

(Ilb)

wherein:

A is chosen from {-}C(O){-}, {}C(=CHa){-}, {-}CH2{-}, and {-JCH(AT}-;

Alis chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyl;

R! and R? are independently chosen from hydrocarbyl and substituted hydrocarbyl;

R8 is chosen from hydrogen, hydroxy, alkyl, substituted alkyl, alkoxy, hydrocarbyt, and
substituted hydrocarbyl;

X is an anion;

Y is chosen from hydrogen, hydroxy, alkoxy, and acyloxy; and

Z is chosen from hydroxy, alkoxy, and acyloxy.

The compound of claim 1, wherein the compound comprises Formula {lic):

(lic)

wherein:
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Alis chosen from hydrogen, hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and
substituted hydrocarbyl;
R1 and R2 are independently chosen from hydrocarbyl and substituted hydrocarbyl;
RS is chosen from hydrogen, hydroxy, alkyl, substituted alkyl, alkoxy, hydrocarbyl, and
substituted hydrocarbyl;
X is an anion; and
Z is chosen from hydroxy, alkoxy, and acyloxy.
A compound comprising Formuta (IV):

wherein:

A'is chosen from {-JC(O)-}, {}C(=CHa){-}, {-1CHa{-}, {-JCH(A™):}, and {ICAT) =),

Alis chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyl;

R, R2, and R7 are independently chosen from hydrocarbyl and substituted
hydrocarbyl;

R3 and R4 are independently chosen from hydrogen, hydrocarbyl, and substituted
hydrocarbyi;

RS and R are independently chosen from hydrogen, hydrocarbyl, substituted
hydrocarbyl, halogen, {-JOH, and {-}OR?;

R8 is chosen from hydrogen, hydrocarbyl, and substituted hydrocarbyl;

X is an anion;
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Y, if present, is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and
acyloxy;

Z is chosen from hydroxy, protected hydroxy, alkoxy, and acyloxy;

Z' is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and
14 represent carbon to carbon bonds chosen from (a) single bonds between all carbon atoms;
(b) single bonds between the carbons at both positions 6 and 7 and 8 and 14, and a double
bond between the carbons at positions 7 and 8, wherein A is not {-JC(O)}{-} if there is a double
bond between the carbons at positions 7 and 8; and (¢} double bonds between the carbons at
both positions 6 and 7 and 8 and 14, and a single bond between the carbons at positions 7 and
8, wherein Y is not present if there is a double bond between the carbons at positions 8 and
14.

6. The compound of claim 5, wherein the compound comprises Formula (IVa):

z

(Va)

wherein:

Ais chosen from {-}C(O){-}, {-}C(=CHa)-}, {-}CH2{-}, and {-JCH{A{-};

Alis chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyl;

R' and R? are independently chosen from hydrocarbyl and substituted hydrocarbyl;

R8 is chosen from hydrogen, hydroxy, alkyl, substituted afkyl, alkoxy, hydrocarbyl, and
substituted hydrocarbyl;

Xis an anion;

Y is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and acyloxy;
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Z is chosen from hydroxy, protected hydroxy, alkoxy, and acyloxy; and
Z' is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and acyloxy.
The compound of claim 5, wherein the compound comprises Formula (IVb):

wherein:

A is chosen from {-JC(=CHz){-}, {-}CHz{-}, and {-}CH{A")}{-};

Alis chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyl;

R' and R? are independently chosen from hydrocarbyl and substituted hydrocarbyl;

R8 is chosen from hydrogen, hydroxy, alkyl, substituted alkyl, alkoxy, hydrocarbyl, and
substituted hydrocarbyl;

X is an anion;

Y is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and acyloxy;

Z is chosen from hydroxy, protected hydroxy, alkoxy, and acyloxy; and

Z' is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and acyloxy.
The compound of claim 5, wherein the compound comprises Formula {IVc):

(V)
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10.

1.

12.

wherein;

Alis chosen from hydrogen, hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and
substituted hydrocarbyl;

R and R? are independently chosen from hydrocarbyl and substituted hydrocarbyl,

R8 is chosen from hydrogen, hydroxy, alkyl, substituted alkyl, alkoxy, hydrocarbyl, and
substituted hydrocarbyl;

X is an anion,

Z is chosen from hydroxy, protected hydroxy, alkoxy, and acyloxy; and

Z' is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and acyloxy.
The compound of any of claims 1 to 8, wherein R"is chosen from alkyl, cycloalkyl,
cycloalkylmethyl, allyl, and aryl; and R2 is chosen from alkyl, allyl, alkenyl, and alkaryl and Xis
chosen from halide, suifate, methylsulfate, ethylsulfate, benzenesulfonate, p-toluenesulfonate,
fluoroborate, flucrosulfonate, methylsulfonate, triflucromethanesulfonate,
hexachioroantimonate, hexafluorophosphate, and fetraflucroborate.
The compound of any of claims 1 to 9, wherein the compound is a quaternary salt of a
compound chosen from (+)-dihydromorphine, (+)-dihydrocodeine, (+)-hydrocodone, (+)-
hydromorphone,
(+)-oxycodone, (+)-oxycodeinone, (+)-oxymorphone, (+)-oxymorphinone, (+)-naloxone, (+)-
naltrexone, (+)-nalbuphine, (+)-nalfurafine, (+)-nalmefene, {+)-buprenorphine, (+)-etorphine,
(+)-morphine, (+)-codeine, (+)-morphine-6-giucoronide, (+)-thebaine, (+)-oripavine, (+)-
dextrorphan, (+)-dextromethorphan, and (+)-dihydrosinomenine.
A process for the preparation of a {+)-morphinanium quaternary salt, the process comprising
contacting & (+)-morphinan comprising NR' at position 17 with R2X to form the (+)-
morphinanium quaternary salt comprising N*(R")(R2)X- at position 17, wherein R* and R? are
independently chosen from hydrocarbyl and substituted hydrocarbyl, and X is a leaving group.
The process of claim 11, wherein the (+)-morphinan comprising NR' at position 17 is a
compound of Formula (1), the (+)-morphinanium quaternary salt is a compound of Formula (l1),

and the process proceeds according to the following reaction:
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wherein:

Ais chosen from {JC(O){-}, {-}C(=CHa){-}, {-JCH2{-}, {-}CH{AM{-}, and {-JC(A")=},

At is chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyl;

R, R2, and R7 are independently chosen from hydrocarbyl and substituted
hydrocarbyl;

R3 and R* are independently chosen from hydrogen, hydrocarbyl and substituted
hydrocarbyl;

RS and Ré are independently chosen from hydrogen, hydrocarbyl, substituted
hydrocarbyl, halogen, {-}OH, and {-}JOR’;

R8 is chosen from hydrogen, hydroxy, alkyl, substituted alkyl, alkoxy, hydrocarbyl, and
substituted hydrocarbyl;

X is a leaving group;

Y, if present, is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and
acyloxy;

Z is chosen from hydroxy, protected hydroxy, alkoxy, and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and
14 represent carbon to carbon bonds chosen from (a) single bonds between all carbon atoms,
wherein the carbons at positions 6 and 14 may be connected by an alkano bridge; (b) single

bonds between the carbons at both positions 6 and 7 and positions 8 and 14, and a double
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13.

bond between the carbons at positions 7 and 8; and {c) double bonds between the carbons at
both positions 6 and 7 and positions 8 and 14, and a single bond between the carbons at
positions 7 and 8, wherein Y is not present if there is a double bond between the carbons at
positions 8 and 14.

The process of claim 11, wherein the (+)-morphinan comprising NR! at position 17 is a
compound of Formula (lll), the (+)-morphinanium quaternary salt is a compound of Formula
(IV), and the process proceeds according to the following reaction:

(i

wherein:

A is chosen from {-JC{O)-}, C(=CHa){-}, {-JCH2{-}, {-}CH{A"{-}, and {JC{AT){=}

Alis chosen from hydroxy, alkoxy, acyloxy, amido, hydrocarbyl, and substituted
hydrocarbyl;

R!, R?, and R7 are independently chosen from hydrocarbyl and substituted
hydrocarbyl;

R3 and R¢ are independently chosen from hydrogen, hydrocarbyl and substituted
hydrocarbyl,

RS and R® are independently chosen from hydrogen, hydrocarbyl, substituted
hydrocarbyl, halogen, {-}OH, and {-JOR’;

R8 is chosen from hydrogen, hydroxy, alkyl, substituted alkyl, alkoxy, hydrocarbyl, and
substituted hydrocarbyl;

Xis a leaving group;
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14

15.

Y, if present, is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and
acyloxy;

Z is chosen from hydroxy, protected hydroxy, alkoxy, and acyloxy;

Z' is chosen from hydrogen, hydroxy, protected hydroxy, alkoxy, and acyloxy; and

the dashed lines between the carbon atoms at positions 6 and 7, 7 and 8, and 8 and
14 represent carbon to carbon bonds chosen from (a) single bonds between alt carbon atoms;
(b) single bonds between the carbons at both positions 6 and 7 and 8 and 14, and a double
bond between the carbons at pasitions 7 and 8; and (c) double bonds between the carbons at
both positions 6 and 7 and 8 and 14, and a single bond between the carbons at positions 7 and
8, wherein Y is not present if there is a double bond between the carbons at positions 8 and
14,
The process of any of claims 11 to 13, wherein the (+)-morphinanium quatemary salt is a salt
of a (+)-morphinan chosen from (+)-morphine, (+)-dihydromorphine, (+)-codeine,
(+)-dihydrocodeine, (+)-hydrocodone, (+)-hydromorphone, {+)-oxycodone, (+)-oxycodeinone,
(+)-oxymorphone, (+)-oxymorphinone, {(+)-thebaine, (+)-oripavine, (+}-naloxone, (+)-
naltrexone,
(+)-natbuphine, (+)-nalfurafine, (+)-nalmefene, (+)-buprenorphing, (+)-etorphine, (+)-morphine-
8-glucoronide, (+)-sinomenine, (+)-dihydrosinomenine, (+)-dextrorphan, and
(+)-dextromethorphan.
The process of any of claims 11 to 14, wherein X is chosen from halide, sulfate, methylsulfate,
ethylsulfate, benzenesulfonate, p-toluenesulfonate, fluoroborate, flucrosulfonate,
methylsulfonate, trifluoromethanesulfonate, hexachloroantimonate, hexafluorophosphate, and
tetrafluoroborate; R2 is chosen from alkyl, allyl, alkenyl, and alkaryl; R1is chosen from alkyl,
cycloalkyl, cycloalkyimethyl, allyl, and aryl; the mole to mole ratio of (+)-morphinan to R2X s
from about 1:1 to about 1:2 and the reaction is conducted at a temperature ranging from about
25°C to about 90°C.
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