woO 20137113120 A1 [N I 0000000 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/113120 A1

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

74

31

8 August 2013 (08.08.2013) WIPOIPCT
International Patent Classification:
CO7D 489/08 (2006.01)
International Application Number:
PCT/CA2013/050072

International Filing Date:
30 January 2013 (30.01.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/594,678 3 February 2012 (03.02.2012) US

Inventors; and

Applicants : HUDLICKY, Tomas [US/CA]; 173 Lock-
hart Drive, St. Catharines, Ontario L2T 1W7 (CA). EN-
DOMA-ARIAS, Mary Ann [PH/CA]; c¢/o Department of
Chemistry, Brock University, 500 Glenridge Avenue, St.
Catharines, Ontario L2S 3A1 (CA).

Agent: BERESKIN & PARR LLP/S.E.N.C.R.L., S.R.L.;
40 King Street West, 40th Floor, Toronto, Ontario M5H
3Y2 (CA).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: PROCESS FOR THE PREPARATION OF MORPHINE ANALOGS VIA THE REACTION OF ORGANOMETALLIC
REAGENTS WITH AN OXAZOLIDINE DERIVED FROM MORPHINANS
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TITLE: PROCESS FOR THE PREPARATION OF MORPHINE ANALOGS -
VIA THE REACTION OF ORGANOMETALLIC REAGENTS WITH AN
OXAZOLIDINE DERIVED FROM MORPHINANS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority from co-
pending U.S. provisional application no. 61/594,678 filed on February 3, 2012,
the contents of which are incorporated herein by reference in their entirety.

FIELD OF THE APPLICATION

[0002] The present application relates to new processes useful in the
preparation of morphine analcgs such as naloxone, naltrexone, nalbuphone
and nalbuphine via the reaction of a Grignard, or other suitable organometallic

or metallic reagent, with an oxazolidine derived from a morphinan,
BACKGROUND OF THE APPLICATION

[0003] Various opiate-derived antagonists such as naloxone,
naltrexone, nalbuphene and nalbuphine are prepared by semi-synthesis from
natural opiates such as morphine, thebaine or oripavine, Scheme 1. These
compounds are used extensively in medicine as antagonists (naltrexone and
naloxone) or mixed agenist/antagonist (nalbuphine). Naltrexone is used in the
treatment of alcoholism and opioid dependence. Naloxone is the active
ingredient in Narcan® for the reversal of opioid overdose and is also used in
combination with buprenorphine (Suboxone®) for the tfreatment of opioid
addiction. It is also employed with tilidine (Valoron N®) for the treatment of
pain and with oxycodone (Targin®) for the prophylaxis and/or treatment of
opioid-induced constipation. Nalbuphine is the active ingredient in Nubain®,

which is used as an analgesic.
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Scheme 1

[0004] The synthesis of compounds such as naloxone, naltrexone and
nalbuphone requires the oxidation of natural copiate alkaloids at the C-14
position. The synthesis of compounds such as naloxone, naltrexone,
nalbuphone and nalbuphine requires the eventual replacement of an N-methyl
group with, for example, an allyl, methylcyclopropyl, methylcyclobutyl, or other
group. The synthesis of naloxone, naltrexone, nalbuphone and nalbuphine by

several methods differing in concept as well as execution has been reported.

[0005] For example, naltrexone as well as R-methylnaltrexcne, were
prepared by N-demethylation of guaternary salts derived from oripavine
followed by oxidation of A-methylcyclopropyl nororipavine. ' Similarly,
nalbuphone and nalbuphine became available. 2 N-Methylcyclopropyl
nororipavine served as a convenient starting material for the improved
synthesis of buprenorphine. ® Buprenorphine was also synthesized from
oripavine by a newly  discovered palladium-catalyzed N-
demethylation/acylation protocol.* In addition, it has been reported that the N-
oxide of oxymorphone is easily demethylated with the Burgess reagent and
that the intermediate iminium ion is trapped to form oxazolidines a and b in
excellent yield and in a one-pot sequence from oxymorphone, as shown in

Scheme 2.°
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[00086] All of these efforts were the result of a focused program

imptemented to discover more efficient and environmentally friendly methods
for the replacement of the N-methyl group in natural opiates with the

appropriate alkyl group required for the medicinal agents.

SUMMARY OF THE APPLICATION

[0007] A comparison of overall efficiency and the potential for scale-up
by process groups of above-described processes has now been undertaken.
The above-mentioned N-demethylation protocols for naltrexone and
methylnaltrexone were found to be suitable for process scale-up. However,
the N-demethylation of quaternary salts containing an N-allyl group could not
be used for the synthesis of naloxone, as the freatment of such salts with
nucleophiles would lead tc N-deallylation rather than N-demethylation.
Nucleophilic cleavage of oxazolidines containing, for example, a suitably
protected C-6 ketone was therefore investigated.

[0008] If an oxazolidine derived from, for example, the reaction shown
in 8cheme 2, could be cleaved by a suitable organometallic reagent, for
example a suitable Grignard, organolithium, organocuprate, organozinc or
organoaluminum reagent, or other suitable metallic reagent, then the original
N-methyl group carbon would remain in the product, and the process for the
synthesis of naloxone and other derivatives would be mare atom economical.
The present application reports a general method of synthesis for naloxone,
naltrexone, nalbuphone, nalbuphine and other morphine analogs via

oxazolidines derived from, for example, oxymorphone.
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[0009] Accordingly, the present application includes a process for the
preparation of a compound of Formula 1

R2-0

wherein
—-~ represents a single or double bond, provided that two double bonds are
not adjacent to each other,
R' ie selected from Ca.igeycloalkyl, Caqgcycloalkenyl, Cipalkyl, Cyipalkenyl,
Ce.10aryl, Cy.iealkyleneCaparyl and Cy_ypalkyleneCs qocycloalkyl; and
R and R® are independently selected from H, Cy.qealkyl, Ci.pacyl. Ceigaryl,
Cs-1pcycloalkyl, CiipalkyleneCs.qparyl and CqqgalkyleneCaocycloalkyl, except
when =0 represents =0, then R® is not present;
comprising
{a) reacting a compound of Formula Il or a protected form thereof:

R2-0

wherein

---- represents a single or double bond, provided that two double bonds are
not adjacent to each other; and

R? and R® are independently selected from H, Cr.iealkyl, Cispacyl, Ceroaryl,
Cs.1ocycloalkyl, Cq.qpalkyleneCs.qparyl and Cy.qoalkyleneCs.ipeycloalkyl, except
when =0 represents =0, then R® is not present;

with a reagent of Formula IlI:
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R'A H,

wherein R' is selected from Ciqpalkyl, Co.qpalkenyl, Cj.-ocycloalkyl,
Csocycloalkenyl, Ce.sparyl, CialkyleneCeparyl and  CigcalkyleneCs.
jocycloalkyl; and

A is a suitable metallic or organometallic countercation; and

{b) optionally deprotecting the compound derived from reacting the compound
of Formula Il or protected form thereof with the reagent of Formula lil:

under conditions to provide a compound of Formula |;

wherein in the compounds of Formulae I, 1l and Il one or more available
hydrogens in R', R® and R? isfare optionally replaced with F andfor one or
more of available atoms in R', R? and R® is/are optionally replaced with an

isotopic label.

[0010] Other features and advantages of the present application will
become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples
while indicating embodiments of the application are given by way of illustration
only, since various changes and modifications within the spirit and scope of
the application will become apparent to those skilled in the art from this

detailed description.

DETAILED DESCRIPTION OF THE APPLICATION

I. Definitions
[0011] Unless otherwise indicated, the definitions and embodiments
described in this and other sections are intended to be applicable to all
embodiments and aspects of the application herein described for which they

are suitable as would be understood by a person skilled in the art.

[0012] As used in this application, the singular forms “a’, “an” and “the”
include plural references unless the content clearly dictates otherwise. For
example, an embodiment including “a reducing agent” should be understood
to present certain aspects with one reducing agent, or two or more additional

reducing agents.
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[0013] In embodiments comprising an “additional” or ‘second”
component, such as an additional or second reducing agent, the second
component as used herein is chemically different from the other components
or first component. A “third” component is different from the other, first, and
second components, and further enumerated or “additional” components are

similarly different.

[0014] The term "suitable" as used herein means that the selection of
the particutar compound or conditions would depend on the specific synthetic
manipulation to be performed, and the identity of the molecule(s) to be
transformed, but the selection would be well within the skill of a person trained
in the art. All process/method steps described herein are to be conducted
under conditions sufficient to provide the product shown. A person skilled in
the art would understand that all reaction conditions, including, for example,
reaction solvent, reaction vtime, reaction temperature, reaction pressure,
reactant ratio and whether or not the reaction should be performed under an
anhydrous or inert atmosphere, can be varied to optimize the yield of the

desired product and it is within their skill to do so.

[0015] in embodimen_té of the application, the compounds described
herein have at least one asymmetric centre. Where compounds possess more
than one asymmetric centre, they may exist as diastereomers. It is to be
understood that all such isomers and mixtures thereof in any proportion are
encompassed within the scope of the present application. It is to be further
understood that while the stereochemistry of the compounds may be as
shown in any given compound listed herein, such compounds may also
contain certain amounts (e.g. less than 20%, suitably less than 10%, more
suitably less than 5%) of compounds of the application having alternate

stereochemistry.

[0018] In understanding the scope of the present disclosure, the term
"comprising” and its derivatives, as used herein, are intended to be open
ended terms that specify the presence of the stated features, elements,

components, groups, integers, and/or steps, but do not exclude the presence
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of other unstated features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar meanings such as
the terms, "including”, "having" and their derivatives. The term "consisting”
and its derivatives, as used herein, are intended to be closed terms that
specify the presence of the stated features, elements, components, groups,
integers, and/or steps, but exclude the presence of cther unstated features,
elements, components, groups, integers and/or steps. The term “consisting
essentially of”, as used herein, is intended to specify the presence of the
stated features, elements, components, groups, integers, and/or steps as well
as those that do not materially affect the basic and novel characteristic(s) of

features, elements, components, groups, integers, and/for steps.

[0017] Terms of degree such as ‘"substantially", "about" and
"approximately" as used herein mean a reascnable amount of deviation of the
modified term such that the end result is not significantly changed. These
terms of degree should be construed as including a deviation of at least +5%
of the modified term if this deviation would not negate the meaning of the
word it modifies.

[0018] The term “Burgess reagent” as used herein refers to a reagent

of the formula:

also known as methyl N-(fristhylammoniumsulfonyl)carbamate. This reagent
is commercially avaitable (for example from Sigma Aldrich, St. Louis, MO,
USA) or may be prepared from chlorosulfonylisocyanate by treatment with

methanol, followed by triethylamine in benzene.®

{0019] The term “countercation” as used herein refers to a positively
charged species consisting of a single element, or a positively charged
species consisting of a group of elements connected by ionic and/or covalent

bonds.
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[0020] The term “Grignard reagent” as used herein refers to a reagent
of Formula I, wherein A is MgX; i.e. a reagent of the formula R1MgX, wherein
X is selected from CI, Br and I, and R' is as defined herein. Such reagents
may be commercially available (for example from Sigma-Aldrich Co.) and/or
they may be prepared from the reaction of a suitable organohalide with a
suitable source of magnesium metal under conditions suitable for the
formation of the required Grignard reagent. The selection of a suitable
synthetic route to the Grignard reagent required can be made by a person
skilled in the art. A number of synthetic routes are known in the art, for
example as described in Smith, M.B. and March, J., “March’s Advanced
Organic Chemistry: Reactions, Mechanisms and Structure” 5th ed., John
Wiley & Sons, Inc., 2001 (New York) at, for example, pages 805ff.

[0021] The term ‘;organolithium reagent” as used herein refers to a
reagent of Formula lil, wherein A is Li; i.e. a regent of the formufa LiR',
wherein R’ is as definéd herein. Such reagerts may be commercially
available (for example from Sigma-Aldrich Co.) and/or they may be prepared,
for example, from the reaction of a suitable organohalide with lithium metal or
by halogen-metal exchange using suitable reagents under conditions suitable
for the formation of the required organclithium reagent. The selection of a
suitable synthetic route to the organolithium reagent required can be made by
a person skilled in the art. A number of synthetic routes are known in the art,
for example as described in Loudon, G.M., “Organic Chemistry” Addison-
Wesley Publishing Company, 1984 {Reading, Massachusetts) at, for example,
page 652.

[0022] The term “crganocuprate reagent” as used herein refers to a
reagent of Formula lll, wherein A is LiCuL1; j.e. a reagent of the formula
R'L'CuLi, wherein R" is as defined herein and L' is selected from Cy.isalkyl,
Caoalkenyl, Caqocycloalkyl, Ca.qgeyclvalkenyl, Ce.qoaryl, CispalkyleneCes.qaryl
and Ci.jpalkyleneCa.qocycloalkyl. Such reagents may be prepared from, for
example, the reaction of about two equivalents of a suitable organolithium

reagent with about one equivalent of CuCl under conditions suitable for the
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formation of the required organocuprate reagent. The selection of a suitable
synthetic route to the organocuprate reagent required can be made by a
person skilled in the art. Synthetic routes are known in the art, for example as
described in Loudon, G.M., “Organic Chemistry” Addison-Wesley Publishing
Company, 1984 (Reading, Massachusetts) at, for example, page 345.

[0023] The term “organozinc” reagent as used herein refers to a
reagent of Formuia 1ll, wherein A is ZnL% ie. a reagent of the formula ZnR'L?,
wherein R’ is as defined herein, and each L? is independently selected from
Cl, Br, |, Ciqpalkyl, Coqpalkenyl, Cz.ipcycloalkyl, Caqocycloalkenyl, Csaaryl,
Ci.10alkyleneCe.qoaryt and Ci.qpalkyleneCs.qocycloalkyl. Such reagents may be
commercially available (for example from Sigma-Aldrich Co.} and/or they may
be prepared, for example, from the reaction of a suitable organohalide with a
suitable source of zinc metal under conditions suitable for the formation of the
required organozinc reagent. The selection of a suitable synthetic route to the
organozinc reagent required can be made by a person skilled in the art. A
number of synthetic routes are known in the art, for example as described in
Smith, M.B. and March, J., "March’s Advanced Organic Chemistry: Reactions,
Mechanisms and Structure” 5th ed., John Wiley & Sons, Inc., 2001 (New York)
at, for example, pages 805ff.

[0024] The term “organoaluminum reagent” as used herein refers to a
reagent of Formula lll, wherein A is Al(L®),; i.e. a reagent of the formula
AIR'(L%),, wherein R' is as defined herein, and each L® is independently
selected from Cl, Br, |, Cipalkyl, Coqpalkenyl, Cs..ceycloalkyl,
Ca.qocycloalkenyl, Cg.qoaryl, Cq.qpalkyleneCsparyl and CiqpalkyleneCs.
incycloalkyl. Such reagents may be commercially available (for example from
Sigma-Aldrich Co.} andfor they may be prepared from the reaction of suitable
reagents. A number of synthetic routes are known in the ar, for example, as
described in Downs, A.J., “Chemistry of Aluminium, Gallium, Indium and
Thallium™ Chapman & Hall, 1893 {London, UK) at, for example, page 324ff.
The selection of a suitable synthetic route to the organcaluminum regent

required can be made by a person skilled in the art.
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[0D025] The term “ketone activating reagent” as used herein refers to a
reagent that catalyzes the reaction between a suitable ketone and a suitable
alcohol to form the corresponding ketal. The selection of a suitable ketone
activating reagent can be made by a person skilled in the arf. A number of
ketone activating reagents are known in the art, for example as described in
Smith, M.B. and March, J., “March’'s Advanced Organic Chemistry: Reactions,
Mechanisms and Structure” 5th ed., John Wiley & Sons, Inc., 2001 (New York)
at, for example, pages 1180ff. It is an embodiment of the application that the
ketone activating reagent is a silyl chloride, such as trimethylsilyl chloride
(TMSCI). '

[0026] The term "acyl” as used herein, whether it is used alone or as
part of another group, means straight or branched chain, saturated acyl
groups. The term Cqi-sacyl means an acyl group having 1, 2, 3, 4, 5 or 6
carbon atoms. It is an embodiment of the application that, in the acyl groups,
one or more, including all of the available hydrogen atoms are optionally

replaced with F or ?H and thus include, for example trifluoroacetyl and the like.

[0027] The term “alky!” as used herein, whether it is used alone or as
part of another group, means straight or branched chain, saturated alkyl
groups. The term Cigalkyl means an alkyl group having 1, 2, 3,4, 5, or 6
carbon atoms. It is an embodiment of the application that, in the alkyl groups,
one or more, including all, of the hydrogen atoms are optionally replaced with
F or ?H and thus include, for example trifluoromethyl, pentafluoroethyl and the
like.

[0028] The term “alkylene” as used herein, whether it is used alone or

as part of another group, refers to a bivalent alkyl group.

[0029] The term “alkenyl” as used herein, whether it is used alone or as
part of another group, means straight or branched chain, unsaturated alkeny!
groups. The term Cygalkenyl means an alkeny! group having 2, 3, 4, 5, or 8
carbon atoms and at least one double bond. It is an embodiment of the

application that, in the alkenyl groups, one or more, including all, of the
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hydrogen atoms are optlionally replaced with F or ’H and thus include, for

example trifluoroethenyl, pentafluoropropenyl and the like.

[0030] The term “cycloalkyl® as used herein, whether it is used alone or
as part of another group, means cyclic, saturated alkyl groups. The term
Cs.1pcycloalkyl means a cycloalkyl group having 3, 4, 5, 6, 7, 8, 9 or 10 carbon
atoms. It is an embodiment of the application that, in the cycloalkyl groups,
one or more, including all, of the hydrogen atoms are optionally replaced with
F or 2H.

[0031] The term “cycloalkenyl” as used herein, whether it is used alone
or as part of ancther group, means cyclic, unsaturated alkyl groups. The term
Cs.1pcycloalkenyl means a cycloalkenyl group having 3, 4, 5,6, 7, 8, S or 10
carbon atoms and at least one double bond. It is an emhocdiment of the
application that, in the cycloalkenyl groups, one or more, including all, of the

hydrogen atoms are optionally replaced with F or .

[0032] The term “aryl” as used herein refers o cyclic groups that
contain at least one aromatic ring. In an embodiment of the application, the
aryl group contains from 8, 8 or 10 atoms, such as phenyl, naphthyl or indanyl.
It is an embodiment of the application that, in the aryl groups, one or more,
including all, of the hydrogen atoms are optionally replaced with F or H and

thus include, for example pentafiuorophenyt and the like.

[0033] The term "halo" as used herein refers to a halogen atom and
includes F, Cl, Brand |.

[0034] The term “reducing agent” as used herein means any compound
or combination of compounds that reduces a desired functional group(s) but
does not otherwise react with or degrade the substrate comprising the
functional group(s). A reducing agent results in the overall gain of electrons,

or in the case of organic chemistry, hydrogen atoms to the functional group.
[0035] t-Boc as used herein refers to the group f-butyloxycarbonyl.

[0036] Ac as used herein refers to the group acetyl.
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[0037] Ts (tosyl} as used herein refers to the group p-toluenesuifonyl.
[00338] Ms as used herein refers to the group methanesuifonyl.
[0039] TBDMS as used herein refers to the group t-butyldimethylsilyl.
[0040] TBDPS as used herein refers to the group t-butyldiphenylsilyl.
[0041] TMS as used herein refers to the group trimethylsilyl.
[0042] Tf as used herein refers to the group triflucromethanesulfonyl.
[0043] Ns as used herein refers to the group naphthalene sulphonyl.
[0044] Bn as used herein refers to the group benzyl.
[0045] Fmoc as used herein refers  fo the  group
fluorenylmethoxycarbonyi.
[0046] mCPBA as used hersin refers o meta-chloroperbenzoic acid.
[c047] THF as used herein refers to the compound tetrahydrofuran.
[0048] The terms “protective group” or “protecting group” or “PG” or the

like as used herein refer to a chemical moiety which protects or masks a
reactive portion of a molecule to prevent side reactions in those reactive
portions of the molecule, while manipulating or reacting a different portion of
the molecule. After the manipulation or reaction is complete, the protecting
group is removed under conditions that do not degrade or decompose the
remaining portions of the molecule. The selection of a suitable protecting
group can be made by a person skilled in the art. Many conventional
protecting groups are known in the art, for example as described in
“Protective Groups in Crganic Chemistry” McOmie, J.F.W. £d., Plenum Press,
19732, in Greene, TW. and Wuts, P.G.M., “Protective Groups in Organic
Synthesis”, John Wiley & Sons, 3™ Edition, 1999 and in Kocienski, P.
Protecting Groups, 3rd Edition, 2003, Georg Thieme Verlag (The Americas).
Examples of suitable preotecting groups include, but are not limited to t-Boc,
Ac, Ts, Ms, silyl ethers such as TMS, TBDMS, TBDPS, TI, Ns, Bn, Fmoc,
benzoyl, dimethoxytrityl, me{hoxyethoxymethyl ether, methoxymethy! ether,
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pivaloyl, p-methyoxybenzyl ether, tetrahydropyranyl, trityl, ethoxyethyl ethers,

carbobenzyloxy, benzoyl and the like.

[0049] The expression “proceed to a sufficient extent” as used herein
with reference to the reactions or process steps disclosed herein means that
the reactions or process steps proceed to an extent that conversion of the
starting material or substrate to product is maximized. Conversion may be
maximized when greater than about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95 or 100% of the starting material or substrate is

converted to product.

[l. Methods of the Application

[0050] The present application includes a process for the preparation of

a compound of Formula I

R2-0O

wherein

—- represents a single or double bond, provided that two double bonds are
not adjacent to each other;

R! is selected from Caocycloalkyl, Csqgcycloalkenyl, Ciqgalkyl, Coqcalkenyl,
Cs.10aryl, CiapalkyleneCs.qparyl and Cq qpalkyleneCaqqceycloalkyl; and

R? and R® are independently selected from H, Cq.jpalkyl, Ci1pacyl, Caioaryl,
Cs.qpeycloalkyl, Cy.qpalkyleneCs.qgaryl and Cq.qgalkyleneCs qocycloalkyl, except
when =0 represents =0, then R? is not present;

comprising

{(a) reacting a compound of Formula Il or a protected form thereof:
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wherein

---- represents a single or double bond, provided that two double bonds are
not adjacent to each other; and

R? and R® are independently selected from H, Cy.10alkyl, Cir0acyl, Ceioaryl,
Ca.1peycloalkyl, CipalkyleneCs.qpary! and CoqpalkyleneCs.qpeycloalkyl, except
when =0 represents =0, then R® is not present;

with a reagent of Formula Il
R'A I,

wherein R' is selected from Craalkyl, Coggalkenyl, Csqocycloalkyl,
Cs.ipeycloalkenyl,  Ca.paryl, CqqpalkyleneCeaoaryl and CypalkyleneCa
secycloalkyl; and

A is a suitable metallic or organometaliic countercation; and

(b) optionally deprotecting the compound derived from reacting the compound
of Formuia II or protected form thereof with the reagent of Formula IIi;

under conditions to provide a compound of Formula I

wherein in the compounds of Formulae |1, Il and lll one or more available
hydregens in R', R? and R® is/are optionally replaced with F and/or one or
more of available atoms in R', R? and R?® is/are optionally replaced with an

isotopic label.

[0051] In an embodiment of the application R’ is selected from Cy.galkyl,
Caealkenyl, Cascycloalkyl, Cagcycloalkenyl, Cs.qparyl, CqsalkyleneCegcaryl,
and CqsalkyleneCsgcycloalkyl. In another embodiment of the application, R'is
selected from Me, Et, vinyl, allyl, Ph, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, Bn, cyclopropylmethyl, cyclobutylmethy!, cyclopentyimethyl and
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cyclochexylmethyl. It is a further embodiment of the application that R' is

selected from vinyl, cyclopropyl and cyclobutyl.

[0052] In an embodiment of the application R? and R® are
independently selected from H, Cysalkyl, Cigacyl, Cs.q0aryl, Csscycloalkyl,
Cascycloalkenyl, CisalkyleneCgyjparyl, and CqsalkyleneCsgcycloalkyl. In a
further embodiment of the application, R? and R® are independently selected
from H, Ac, Me, Et, Ph, cyclobutyl, cyclopentyl, cyclohexyl, Bn,
cyclocbutylmethyl, cyclopentylmethyl and cyclohexylmethyl. It is an
embodiment of the application that R? is Ac. in another embodiment of the

application, R® is H.

[0053] In an embodiment of the application, the reagent of Formula Ill;
i.e. the reagent of formula R'A is selected from a Grignard reagent, an
organclithium reagent, an organocuprate reagent, an organozinc reagent and
an organoaluminum reagent. It is an embodiment of the application that R'A
is a Grignard reagent of formula R'MgX, wherein X is selected from Cl, Br and
I. In a further embodiment of the application, X is selected from Cl and Br. It is

an embodiment that X is Br.

[0054] In an embodiment, the compound of Formula Il is selected from

a compound of Formula ll(a}, I{b) and ll(c):

wherein

---- represents a single or double bond; and

R? and R® are independently selected from H, Ci.jpalkyl, Cr.1gacyl, Ce.roaryl,
Cs.1ocycloalkyl, Cy.qpalkyleneCs.1paryl, and Cq.qpalkyleneCs.qgeycloalkyl;

which provide, respectively, a compound of Formula I{a), i(b) and I(¢) using

the process of the present application:
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wherein

---- represents a single or double bond;

R' is selected from Ci1calkyl, Co.rgalkenyl, Cs.qocycloalkyl, Cs.qocycloalkenyl,
Ce-10aryl, CinalkyleneCe.iparyl and C.ipalkyleneCs.qpcycloalkyl,

R? and R® are independently selected from H, Cy.jpalkyl, Ci.qpacyl, Cgioaryl,
Casocycloalkyl, Cq.qpalkyleneCs qparyl, and Cq.qpalkyleneCsqocycloalkyl; and
wherein in the compounds of Formulae I{a}, I{(b}, I(c), lI(a), i{b) and Il{c) one
or more available hydrogens in R', R? and R® is/are optionally replaced with F
andior one or more of available atoms in R', R? and R® is/are optionally

replaced with an isotopic label.

[0055] In an embodiment of the application, the conditions to provide
the compounds of Formula | from the compounds of Formula Il using the
reagents of Formula lll comprise adding the reagent of Formula Il dropwise to
a stirred solution of the oxazolidine of Formula 1l in a suitable solvent, for
example, THF, at about -5 °C 1o about 5 °C, or about 0 °C, allowing the
mixture to warm up to a temperature of about 0 °C to about 30 °C, or about
room temperature, and stirring for a time for the conversion of the compcund
of Formula II to the compound of Formula | to proceed to a sufficient extent,
for example, about 1.5 hours to about 6 hours, or about 2 hours, at which time
the mixture is quenched with a suitable reagent, for example, saturated NH.CI
solution. In an embodiment, the molar ratio of the reagent of Formula lll to the

compound of Formula If is about 3:1 to about 8:1 or about 5:1.

[0056] In an embodiment, the compound of Formula 11l is selected from
a compound of Formula (i}, HI{ii) and {H(iii):
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//—MgBr . [>—MgBr and O*MgBr
[H(i) ity 1 {iii)

H

which provide, respectively, a compound of Formula I{i}, I{ii} and I{ii) using
the process of the present application:

and

wherein

-—- represents a single or double bond, provided that two double bonds are
not adjacent to each other;

R? and R® are independently selected from H, Cqqpalkyl, Cigacyl, Cecaryl,
Ca.qpcycloalkyl, Cq.qpalkyleneCe.qoaryl and Cq.qpalkyleneCs qgeycloalkyl, except
when =0 represents =0, then R is not present; and

wherein in the compounds of Formulae I(i}, l{i} and I(ii}), one or more
available hydrogens in R* and R? is/are optionally replaced with F and/or one
or more of available atoms in R? and R® is/are optionally replaced with an

isotopic label.

[0057] In an embodiment, the compounds of Formula ll{b) are
protected prior to reaction with the reagents of Formula lll. in an embodiment,

the protected form of the compounds of Formula li(b) is a ketal of Formula IV:
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wherein

- represents a single or double bond,

R? is selected from H, Ciqoalkyl, Ciqpacyl, Csqoaryl, Csqucycloalkyl, Cy.
1palkyleneCs.qparyl and Cq.ipalkyleneCs.qocycloalkyl; and

R' and R® are each independently the same or different hydrolysable
protecting group, or R* and R®, together with the oxygen atom to which each
is bonded, form a hydrolysable cyclic protecting group; and

wherein one or more available hydrogens in R?, R* and R® is/are optionally
replaced with F and/or one or more of available atoms in R% R* and R® is/are

optionally replaced with an isotopic label.

[0058] The compounds of Formula IV are prepared by reacting a
compound of Formula II{b) under conditions to provide the compounds of
Formula IV. In an embodiment, the conditions to provide the compounds of
Formula {V comprise adding a suitable ketone activating reagent, for example
TMSCI to a stirred suspension or solution of the compound of Formula 11{b)
and a suitable alcohol, for example, methanol or ethylene glycal, opticnally in
a suitable solvent, for example, CH,Cl;, and allowing the mixture to stir for a
time and temperature for the conversion of the compound of Formula li(b) to
the compound of Formula IV to proceed to a sufficient extent, for example at
about

-10 °C to about 50 °C, about 0 °C to about 25 °C or about room temperature
for about 30 minutes to about 10 hours, about 2 hours to about 6 hours, or
about 2 hours. In this embodiment, TLC monitoring of the reaction mixture
using a suitable solvent mixture, for example CHCIl3/MeQH/NHLOH in a ratio
of, for example, about 5:1:0.01 as eluent can be optionally used to indicate

the reaction is complete.

{0059] In an embodiment of the application, the suitable alcohol is a
monofunctional alcohol. [t is an embediment that the moncofunctional alcohaol
is methanol. In this embodiment, both R* and R® are Me. In another
embodiment, the suitable alcohol is a difunctional alcohol. [t is an embodiment

that the difunctional alcohol is ethylene glycol. In this embodiment, R* and R®,
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together with the oxygen atom to which each is bonded, and the carbon atom

to which each oxygen atem is bonded, form a dioxolane moiety.

[0060] Reaction of the compounds of Formula IV with the reagents of

Formula il provides compounds of Formula V:

RZ-0

wherein

- represents a single or double bond,;

R' is selected from Ci.10alkyl, Co.qgalkenyl, Cs.qocycloalkyl, Cyqocycloalkenyl,
Ce-1paryl, CiqoalkyleneCsqparyl and Cy_qpalkyleneCs.+ccycloalkyl;

R? is selected from H, Cy.yealkyl, Ciioacyl, Csagaryl, Caqocycloalkyl, Ci.
1oalkyleneCs.qparyl and Ci.jpalkyleneCaqgeycloalkyl; and

R? and R’ are each independently the same or different hydrolysable
protecting group, or R* and R®, together with the oxygen atom to which each
is bonded, form a hydrolysable cyclic protecting group; and

wherein one or more available hydrogens in R', R?, R* and R® is/are optionally
replaced with F and/or one or more of available atoms in R', R?, R* and R®

is/are optionally replaced with an isotopic label.

[0061] Deprotection of the compounds of Formula V under hydrolysis
conditions provides ketones of Formula I{b):
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wherein

---- represents a single or double bond:

R! is selected from Ciqpalkyl, Cospalkenyl, Csqocycloalkyl, Cs.qpcycloalkenyl,
Ce-roaryl, CqqpalkyteneCs.<paryl and Cq.-palkyleneCa.yocycloalkyl,

R? is selected from H, Cipalkyl, Ciipacyl, Cs.iparyl, Ca.qocycloalkyl,
CipalkyleneCg.qparyl and Cq_jpalkyleneCs.igeycloalkyl; and

wherein one or more available hydrogens in R' and R? is/are optionally
replaced with F and/or one or more of available atoms in R and R? is/are

optionally replaced'with an isotopic label.

[0062] In this embodiment, it is possible to prepare the known morphine

analogs, naloxone I{b)(i}, naltrexcne I(b)(ii} and nalbuphone I{b)(iii):

1(0)(3) I(b)(i) (o) i)

[0063] In an embodiment, the hydrolysis conditions to provide the
compounds of Formula I{(b) comprise treating the compounds of Formula V
under suitable acidic conditions for a time and temperature for the conversion
of the compounds of Formula V to the compounds of Formula I(b) to proceed
to a sufficient extent, for example at a temperature of about 25 °C to about
100 °C, about 80 °C to about 80 °C, or about 60 °C for about 30 minutes to
about 8 hours, about 2 i‘nours to about 4 hours, or about 2 hours. It is an
embodiment that the suitable acidic conditions comprise adding a suitable
acid, for example, about 2 N to about 6 N HCI to a stirred solution of the
compound of Formula V in a suitable organic solvent, for example, THF or

acefone.

[0064] In a further embodiment of the application, prior to reaction with
the reagents of Formula {ll, the compounds of Formula li{b) are treated under

reducing conditions to provide compounds of Formula [1{a):
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wherein

—-- represents a single or double bond,;

R® is selected from H, Cicalkyl, Ciipacyl, Ceparyl, Csqocycloalkyl,
C1-1palkyleneCg.1paryl and Cq.qpalkyleneCs.qpcycloalkyl;

R?is H; and

wherein one or more available hydrogens in R? isfare optionally replaced with
F and/or one or more of available atoms in R® and R® isfare optionally

replaced with an isctopic label.

[00865] The compounds of Formula li(a), wherein R®> = H are available
by treating compounds of Formula Ii{b) under reducing conditions. In an
embodiment, the reducing conditions to provide the compounds of Formula
ll{a) wherein R® is H comprise treating the compounds of Formula lI(b) in a
suitable solvent, for example, methanol with a suitable reducing agent, for
example metal hydride reducing agents, for example, NaBH, for a time and
temperature for the conversion of the compounds of Formula li(b) to the
compounds of Formula ll(a), wherein R® is H to proceed to a sufficient extent,
for example at about 0 °C to about 30 °C, or about room temperature for

about 0.5 hours to about 2 hours, or about 1 hour.

[0066] Reaction of the compounds of Formula ll(a), wherein R* is H

with the reagents of Formula Ill provides compounds of Formula I(a):
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I(2)

wherein

—- tepresents a single or double bond;

R’ is selected from Cy.qpalkyl, Ca.qpalkenyl, Ca.qocycloalkyl, Cs.igcycloalkenyl,
Cg.10aryl, Cq.qpalkyleneCs.iparyl and CqypalkyleneCaocycloalkyl;

R? is selected from H, Cqipalkyl, Ciioacyl, Csioaryl, Cs.iocycloalkyl,
Ci.10alkyleneCe qparyl and CqqpalkyleneCs «pcycloalkyl;

R*is H; and

wherein one or more available hydrogens in R' and R? is/are optionally
replaced with F and/or one or mare of available atoms in R', R? and R® isfare

opticnally reptaced with an isotopic label.

[0067] In this embodiment, it is possible to prepare the known morphine

analog nalbuphine {a)(iii):

I(2)(ii)

[0068] It is a further embadiment of the application that morphine
analogs of Formula | can be prepared from the oxazolidines of Formula !l in a

one-pot synthesis without the isolation of intermediates.

[0069] The processes of the present application may be performed
using continuous or batch processes. For commercial scale preparations,

continuous processes are suitable, Methods of performing chemical
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processes in continuous or baich modes are known in the art. When
continuous processes are used, the reaction temperature and/or pressure

may be higher than those used in batch processes.

[0070] The following non-imiting examples are illustrative of the

present application:

EXAMPLES
Example 1. (5aR,6R,8a8S,11aR,11bS)-2-acetoxy-5,5a,9, 10-tetrahydro-11,11-
dimethoxy, 6,11b-Ethano-7TH-furo[2',3',4",5":4,5]phenanthro[9,8a-d]-oxazole

MeOH, TMSCI
OMe
[0071] To a stirred suspension of the oxazolidine of Formula li(b) (R =
Ac, --— represents a single bond; 60 mg, 0.18 mmol} in MeOH (5 mL) was

added TMSC! (0.50 mlL). After the addition of TMSCI, a homogenous
yellowish soclution was observed. The mixture was allowed to stir at room
temperature for 2 h, at which time TLC monitoring of the reaction mixture
using CHCIs/MeOH/NH,OH (5:1:0.01) as eluent indicated the reaction was
complete. The reaction mixture was diluted with dichloromethane (10 mL) and
the resulting solution was washed with saturated NaHCO; (5 mL). The organic
Iayer' was dried with MgSOQ,, filtered and evaporated to dryness via rotary
evaporation to afford 50 mg (82%) of a compound of Formula IV(a) (R? = Ac,
R* and R® = Me, -— represents a single bond) as an oil which was used in

the next step without further purification.
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Example 2: General procedure for Grignard reactions of ketal IV(a)

R'MgX
THF,0°Ctort _

OMe OMe

[0072] To a stirred solution of the oxazolidine of Formula IV{a) from
Example 1 (1 mmel) in THF {10 mL) at 0 °C was added a reagent of Formula
1l wherein A is MgX; 111{) (R" = vinyl, X = Br): Il{ii) (R* = cyclopropyl, X = Br);
or IH{iv) (R' = cyclobutyl, X = CI) (5 mmol) dropwise. The mixture was allowed
to warm up to room temperature and stirred for a further 2 h, then it was
quenched with saturated NH4CI solution (10 mL) and was diluted with EtOAc
(10 mL). The layers were separated and the agueous layer was extracted
further with EtOAc (2 x 10 mL). The combined organic extracts were dried
over MgSQ,, filtered and concentrated using rotary evaporation to afford
crude compounds of Formula V. Chromatography on silica gel using mixtures
of CHzCl; and MeOH afforded compounds of Formula V(a)(i), V(a)ii) and
V{(a)(iii) as white solids (56-83% yield).

(a) 17-allyl-4, ba-epoxy-3, 14-dihydroxy-6, 6-dimethoxymorphinan, V{a)(i)

OMe

[0073] 83% vyield. [o]p® -92.3 (¢ = 0.8, CHClL); Ry = 0.26 (7:2;
CH,Cl/MeOH); IR (CHCly) v 3435, 2957, 2834, 1642, 1458, 1333, 1141,
1110, 1047, 989, 908, 732 cm™; 'H NMR (300 MHz, CDCly) 6 6.71 (d, J=8.1
Hz, 1H), 6.55 (d, J=8.1 Hz, 1H), 5.77-5.86 {m, 1H), 5.21 (d, J=18.0 Hz, 1H),
4.60 (s, 1H), 3.38 (s, 3H), 3.03-3.11 (m, 2H), 3.12 (s, 3H), 3.03 (s, 1H), 2.94
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(d, J=5.7 Hz, 1H), 2.62 (d, J=5.7 Hz, 1H), 2.53-2.57 (m, 1H), 2.31 (ddd,
J=12.3, 12.0, 3.0 Hz, 1H), 2.19 (ddd, J=12.3, 12.0, 3.0 Hz, 1H), 1.87-1.96 (m,
1H), 1.40-1.59 (m, 5H); °C NMR (75 MHz, CDCls) § 144.8, 137.7, 135.4,
130.8, 124.5, 118.4, 117.8, 116.8, 99.8, 91.8, 69.9, 62.7, 57.7, 49.1, 48.2,
48.1, 43.6, 31.9, 27.9, 24.6, 22.5. MS (El+) m/z (%) 373(5), 358 (10), 342(28),
341(100), 326(12), 139(12), 101(14), 57(21), 56(20), 43(25); HRMS (El+)
caled for Co:Hz7NOs 373.1889, found 373.1891.

{b) 17-cyclopropyimethnyl-4, 5a-epoxy-3, 14-dihydroxy-6, 6-dimethoxymorphinan,
Via)(ii}

OMe

[0074] 67% yield. "H NMR (300 MHz, CDCly) & 6.68 (d, J=8.1 Hz, 1H),
6.51 (d, J=8.1 Hz, 1H), 5.40 (s, 1H), 4.58 (s, 1H), 3.36 (s, 3H), 3.10 (s, 4H),
2.99 (d, J=18.2 Hz, 1H), 2.50-2.70 {m, 2H), 2.35 (m, 2H), 2.22-2.31 (m, 1H),
2.06-2.22 (m, 1H), 1.83-1.96 (m, 1H), 1.34-1.60 (m, 4H), 0.75-0.92 (m, 1H),
0.42-0.60 (m, 1H), 0.08-0.20 (m, 2H}.

{c) 17-cyclobutyimethyi-4, Sa-epoxy-3, 14-difydroxy-6, 6-dimethoxymorphinan,
Viia)(ii)

OMe

[0075] 56% vyield. [o]p® -110.5 (¢ = 1.0, CHoCh); R = 0.37 (10:1:
CH,Cl/MeOH); IR (CHCIs) v 3399, 2929, 2832, 2854, 1642, 1621, 1504,
1456, 1330, 1239, 1141, 1049, 988, 751 cm™; 'H NMR (300 MHz, CDCL) &
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6.70 (d, J=8.1 Hz, 1H), 6.53 (d, J=8.1 Hz, 1H), 4.56 (s, 1H), 3.37 (s, 3H), 3.13
(s, 3H), 3.05 (d, J=18.3 Hz, 1H}, 2.84 (d, J=5.7 Hz, 1H), 2.60 (dd, J=18.3, 6.0
Hz, 1H), 2.46-2.55 (m, 4H), 2.20-2.30 {m, 2H), 2.04-2.09 (m, 2H), 1.84-1.96
(m, 2H), 1.65-1.70 (m, 2H), 1.38-1.45 (m, 5H); ™°C NMR (75 MHz, CDCly) 5
144.8, 137.7, 130.8, 124.5, 118.4, 117.0, 99.7, 91.5, 69.7, 60.5, 49.01, 48.2,
48.1, 44.0, 33.7, 32.1, 28.0, 27.0, 26.7, 24.5, 22.8, 18.7: MS (El+) m/z (%)
401(9), 315(20), 314(100), 139(11), 97(12), 89(31), 71(59), 55(48), 43(94):
HRMS (El+) caled for CzsHaiNOs 401.2202, found 401.2203.,

Example 3: General procedure for the hydrolysis of V(a)(i)-V{(a)(iii)

HO
o HCl(aq), THF, 60 “C‘
:, N—
MeO OH R
OMe
[0076] To a stirred solution of a compound of Formula V from Example

2 (0.10 mmol) in THF (2 mL) was added 3 N HCI {1 mL). The resulting
solution was heated to 60 °C for 2 h. The mixture was concentrated via rotary
evaporation to remove THF. A saturated solution of NaHCO; was added to
adjust the pH of the mixture to 8. It then was extracted with CH,Clz (3 x 5 mL).
The combined organic extracts were dried, filtered and concentrated via rotary
evaporation to afford naloxone, naltrexone or nalbuphone as white solids (76-
87% yield).

{a} Naloxone, I(b)(i)

HO
0,
/” N
OH “'\:
0]
[0077] 81% vyield. mp 179-180 °C (EtOAc/hexanes); lit.” 179.5 °C

{toluene).
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(b) Naltrexone, I(b)(ii)

- [0078] 76% yield. mp 164-165 °C (CH.Cl/hexanes); lit.% 167-169 °C,
(CH2Clz).

{c) Nalbuphone, 1(b)(iii)

[0079] 87% yield. mp 164-165 °C (CH.Cl./hexanes); lit.” 168-169 °C

(cyclohexane).
Example 4: One-pot preparation of naloxone

[0080] To a stirred suspension of the oxazolidine of Formula ll(b) (R? =
Ac, --—--represents a single bond; 100 mg, 0.293 mmol) in MeCH (5 mL) was
added TMSCI (0.5 mL). The reaction mixture was stirred for 2 h at room
temperature. All the volatiles were removed using rotary evaporation and
further drying in vacuum. The resulting yellow oil was cooled to 0 °C and to it
was added dropwise 1 M vinylmagnesium bromide (2 mL). The resulting
mixture was allowed to warm up to room temperature and stirred for another 2
h. The pH of the reaction mixture was adjusted to 1.5 using 6 N HCI. A 1:1
mixture of THF/H>O (2 mL) was added to clarify the cloudy solution. The
resulting clear solution was heated to 80 °C for 2 h. The cooled reaction
mixture was concentrated via rotary evaporation to remove THF. The pH was
adjusted to 8 using saturated NaHCQ; solution and was extracted with EtOAc
(3 x 15 mL}. The comhbined EtOAc extracts were dried over MgSQ,, filtered
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and concentrated to afford a crude residue that was chromatographed on
silica gel using CHxClo/MeOH (10:1) as eluent to afford Naloxone I(b){i) (72
mg, 75% yield).

Example b: Preparation of nalbuphine, I{a)(iii)

MgCI ﬁ\
THF, cyclohexane

AcO AcO

N

G, G, |
%, N g N N
: .
o7 HO* HOY
[00381] To a stirred solution of the oxazolidine of Formula Il{b) (R* =
Ac, - represenis a single bend; 50 mg, 0.15 mmol) in MeOH {1 mL) was

added NaBH; (8 mg, 0.22 mmol). The solution was stirred at room
temperature for 1 h. Acetone {1 mL) was added and the resulting mixture was
concentrated using rotary evaporation. The crude residue was diluted with
diethyl ether (10 ml) and was washed with water (3 mL). The organic layer
was separated and the agueous was further extracted with EtOAc (2 x 5 mL).
The combined organic extracts were dried over MgSO,, filtered and
evaporated to afford the intermediate alcohol of Formula li(a) (R = Ac, R® =
H, ---- represents a single bond; 40 mg) which was used as crude in the next
step. To a stirred solution of this crude intermediate alcohol (40 mg, 0.12
mmael) in THF at 0 °C was added cyclobutylmagnesium chloride (60 mmol).
The resulting solution was stirred at room temperature for 2 h. The reaction
mixture was quenched with saturated NH4Cl solution {3 mL). The resulting
suspension was extracted with EtOAc (3 x 10 mL). The combined organic
extracts were dried over MgSQ,, filtered and concentrated using rotary
evaporation. The crude residue was chromatographed on silica gel using
CH2Cl./MeOH as eluent to afford nalbuphine [(a){iii} as a scolid (21 mg, 40%
yield).

[0082] 'H NMR (300 MHz, DMSO}) 58.81 (s, 1H), 6.55 (d, J=8.0 Hz,
1H), 6.42 (d, J=8.0 Hz, 1H), 4.75 (s, 1H), 4.43 (d, J=5.6 Hz, 1H), 4.38 (d,
J=4.5 Hz, 1H), 4.00 {m, 1H), 2.96 {d, J=18.4 Hz, 1H}, 2.75 (m, 1H), 2.50-2.53
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(m, 2H), 2.39-2.45 (m, 2H), 2.10 {m, 2H), 1.85 (m, 2H), 1.81 (m, 1H), 1.63 (m,
2H), 1.45 (m, 2H}, 1.31 (m, 2H), 0.97 (m, 1H).

Example 6: (5aR,6R,8a8,11aR,11bS)-2-acetoxy-5,5a,9,10-tetrahydro-
11({11aH)-spiro-2-(1,3-dioxolan)-,6, 11b-Ethano-7H-
furof2',3',4',5":4,5]phenanthro[9,8a-d]oxazole

AcO
(CHoOH),, TMSCI
CH,Cl,
-
. N
o) o~/
</O
[0083] To a stirred solution of the oxazolidine of Formula li(b) (R* =
Ac, -—— represents a single bond; 850 mg, 2,18 mmol) and ethylene glycol

(14.3 mL, 260 mmol) in CH2Clz {15 mL) was added TMSCI (1.46 mL, 11.0
mmol). The mixture was allowed to stir at room temperature for 2 h, at the end
of which TI.C monitoring of the reaction mixture using CHCIl/MeQH/NH;0OH
(6:1:0.01) as eluent indicated the reaction was complete. The reaction mixture
was diluted with dichloromethane (30 mL) and the resulting solution was
carefully washed with saturated NaHCO; (15 ml). The organic layer was
dried with MgSQ,, filtered and evaporated to dryness via rotary evaporation to
afford the ketal of Formula IV(b) (437 mg, 67%) as an oll which was used in

the next step without further purification.

Example 7: General procedure for Grignard reactions of ketal IV(b)

HO
R'MgX
THF, 0°Ctort
o] R’
Cd
[0084] To a stirred- solution of the oxazolidine of Formula IV{b} from

Example 6 (1 mmol) in THF (10 mL) at 0 °C was added a reagent of Formula
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Nl wherein A is MgX; 11(i) (R" = vinyl, X = Br); llI(ii) (R" = CchopropyI, X = Br);
or HI(iv) (R" = cyclobutyl, X = Cl) (5 mmol) dropwise. The mixture was allowed
to warm up to room temperature and stirred for a further 2 h, then it was
quenched with saturated NH4Cl sclution (10 mL) and was diluted with EtOAc
(10 mL). The layers were separated and the agueous was exiracted further
with EtOAc (2 x 10 mL). The combined crganic exiracts were dried over
MgSQ,, filtered and concentrated using rotary evapcration to afford crude
compounds of Formula V. Chromatography on silica gel using mixtures of
CHCls and MeCOH afforded compounds of Formulas V(b)(i}-V(b)(iii) as white
solids {46-70% yield).

fa) 4, 5a-epoxy-3. 14B-dihydroxy-17-(prop-2-enyl}-morphinane-6-spiro-2'-(1, 3-
dioxolan), Vib)(i}

HO
O’z
Y, N
O OH “\:
d
[0085] 46% vield. 'H NMR (600 MHz, CDCl;3) § 6.72 (d, J=8.1 Hz, 1H),

6.58 (d, J=8.1 Hz, 1H), 5.78-5.84 (m, 1H), 5.14-5.23 (m, 2H), 4.60 (s, 1H),
4.12-4.18 (m, 1H), 3.84-3.99 (m, 4H), 3.15 (d, J=6.0 Hz, 13H), 3.06 (d, J=18.6
Hz, 1H), 2.93 (s, 1H), 2.53-2.62 (m, 2H), 2.15-2.29 (m, 3H), 1.53-1.57 (m, 3H),
1.43 (d, J=12.8 Hz, 2H); MS (El+) m/z (%) 371(100), 358 (10), 330(22),
289(32), 272(45), 242(27), 99(94), 82(50), 70(39), 55(31); HRMS (El+) calcd
for Co1HasNOs 371.1733, found 371.1734.

(b) 17-cyclopropylmethyt-4, 5a-epoxy-3, 14B-dihydroxy-morphinane-6-spiro-2-
{1.3-dioxolan), V(b)(ii)
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[0086] 70% yield. "H NMR (300 MHz, CDCls) § 6.72 (d, J=8.1 Hz, 1H),
6.56 (d, J=8.1 Hz, 1H), 4.61 (s, 1H), 4.16-4.19 (m, 1H), 3.83-3.98 (m, 4H),
3.03 (d, J=18.3 Hz, 1H), 2.55-2.66 (m, 2H), 2.28-2.42 (m, 3H), 2.16-2.23 (m,
3H), 1.48-1.68 (m, 5H), 0.85-0.87 (m, 1H), 0.54-0.56 (m, 2H), 0.15-0.16 (m,
2H); MS (El+) mv/z (%) 385(100), 344(22), 330(12), 288(14), 256(16), 110(31),
99(62).

fc)  17-cyciobutylmethyl-4, 5a-epoxy-3, 14B3-dihydroxy-marphinane-6-spirc-2-
(1,3-dioxolan), V(b))

[0087] 49% vyield. [o]p® -51.2 (¢ = 1.0, CHCLs): IR (CHCIs) v 3417, 2957,
1642, 1502, 1456, 1324, 1157, 1035, 799, 752 cm; "H NMR (300 MHz,
CDCly) & 6.72 (d, J=8.1 Hz, 1H), 6.57 (d, J=8.1 Hz, 1H), 4.59 (s, 1H), 4.15-
4.18 (m, 1H), 3.82-3.87 (m, 5H), 3.06 (d, J=18.3 Hz, 1H), 2.86 (d, J=5.7, 1H),
2.61(dd, J=18.3, 5.7 Hz, 1H), 2.49-2.59 (m, 4H), 2.17-2.28 (m, 2H), 2.06-2.17
(m, 3H), 1.86-1.94 (m, 2H), 1.66-1.71 (m, 2H), 1.53-1.57 (m, 3H), 1.41-1.45
(m, 1H); MS (El+) m/z (%) 399(12), 315(20), 344(100), 243(11), 139(9),
99(14), B6(39), 84(76), B0(10), 43(31); HRMS (El+) calcd for CosHaeNOs
399.2046, found 399.2043,
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Example 8: General procedure for the hydrolysis of V{b)(i}-V(b)(iii)

HO HO
g, \ HCl (g, THF, 60 °C' o
- j -, N
0 R’ OH _\R1
<,-o O
[0088] Te a stirred solution of a compound of Formula V from Example

7 (0.10 mmol} in acetone (2 mL) was added 6 N HCI (0.5 ml). The resulting
solution was heated to €0 °C for 2 h. The mixture was concentrated via rotary
evaporation to remove acetone. A saturated solution of NaHCO; was added
to adjust the pH of the mixture to 8. It was then extracted with CH,Cl; (3 x 5
mL). The combined organic extracts were dried, filtered and concentrated via
rotary evaporation to afford naloxone 1(b){i}, naltrexcne I{b)(ii) and nalbuphone
I{(b}{iii} as white solids, with yields of 83%, 71%, and 78%, respectively.

[0089] While the present application has been described with reference
to what are presently considered to be the preferred examples, it is to be
understood that the application is not limited to the disclosed examples. To
the contrary, the application is intended to cover various medifications and
equivalent arrangements included within the spirit and scope of the appended

claims.

[0090] All publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each
individual publication, patent or patent application was specifically and
individually indicated to be incorporated by reference in its entirety. Where a
term in the present application is found to be defined differently in a document
incorporated herein by reference, the definition provided herein is to serve as

the definition for the term.



WO 2013/113120 PCT/CA2013/050072

33

FULL CITATIONS FOR DOCUMENTS REFERRED TO IN THE
SPECIFICATION

* Processes for the preparation of morphinane and morphinone compounds.
Hudlicky, T.; Carroll, R.; Leisch, H.; Machara, A.; Werner, L.; Adams, D. R.
PCT Int. Appl. PCT/CA2010/000587 (2010), 102pp. CODEN: PIXXD2 WO
2010121369 A1 20101028 CAN 153:555396 AN 2010:1342585.

2 Synthesis of nalbuphine from cripavine via N-demethylation of A-
cyclobutylmethyl oripavine. Machara, A.; Cox, . P.; Hudlicky, T.
Heterocycles, 2012, 84, 615-623.

3 L. Werner, A. Machara, D. R. Adams, D. P. Cox, T. Hudlicky, J. Crg. Chem.
2011, 76, 4628.

* Process for the Preparation of Morphine Analogs via Metal Catalyzed N-
Demethylation/Functionalization and Intramolecular Group Transfer. Hudlicky,
T.; Machara, A. US Patent Application Publication No. 2012/0283444.

° Processes and Intermediates in the Preparation of Morphine Analogs via N-
Demethylation of N-Oxides Using Cyclodehydration Reagents. Hudlicky, T.;
Machara, A.; Wemer, L.; Wernerova, M.; Endoma-Arias, M. A. US Patent
Application Publication No. 2012/0283443; PCT Publication No.
WO/2012/149833.

® Edward M. Burgess, Harold R. Penton Jr., and E. A. Taylor. "Thermal
reactions of alkyl N-carbomethoxysulfamate esters". J. Org. Chem. 1973,
38(1):26-31.

” Andre, J.-D.; Dormoy, J.-R.; Heymes, A. Synth. Corhm., 1992, 22, 2313,

8 pillai, O.; Hamad, M. O.; Crocks, P. A.; Stinchcomb, A. L. Pharm. Res.,
2004, 21, 1148,

9 Hudlicky, T.; Carroll, R.; Leisch, H.; Machara, A.; Werner, L.;: Adams, D. R.
PCT Publication No. W(Q/2010/121369 A1.



WO 2013/113120 PCT/CA2013/050072

34

We Claim:

1. A process for the preparation of a compound of Formula |

R2-Q

wherein

- represents a single or double bond, provided that two double bonds are not
adjacent to each cther;

R' is selected from Cs-1ocycloalkyl, Cssecycloalkenyl, Ci.jpalkyl, Czqpalkenyl,
Cs.q0aryl, Ci1palkyleneCs_sparyl and C_qpalkyleneCs.peycloalkyl; and

R? and R® are independently selected from H, Cy.ypalkyl, Ci.10acyl, Cg.qoaryl, Ca.
jacycloalkyl, CqqoalkyleneCg.iparyl and CijpalkyleneCa jgeycloalkyl, except when
=0 represents =0, then R is not present;

the process comprising:

(a) reacting a compound of Formula {l or a protected form thereof:

wherein

---- rgpresents a single or double bond, provided that two double bonds are not
adjacent to each other; and
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R? and R* are independently selected from H, Cy.qalkyl, Ci.1pacyl, Cea.i0aryl, Ca
socycloalkyl, CiipalkyleneCes.iparyl and CyqcalkyleneCs.igcycloalkyl, except when
—=0 represents =0, then R® is not present;

with a reagent of Formula lll;
R'A I,

wherein R' is selected from Ciqcalkyl, Caioalkenyl, Caqcycloalkyl,
Ca.pcycloalkenyl, Cs.goaryl, CiaoalkyleneCes.1paryl and Cq.qpalkyleneCa.ipcycloalkyl;
and

A is a suitable metallic or organometallic countercation; and

{b) opticnally deprotecting the compound derived from reacting the compound of
Formula Il or protected form thereof with the reagent of Formula 1l1;

under conditions to provide a compound of Formula |;

wherein in the compounds of Formulae I, Il and Il one or more available
hydrogens in R’, R? and R? is/are optionally replaced with F and/or cne or more
of available atoms in R', R? and R® is/are optionally replaced with an isotopic
label.

2. The process of claim 1, wherein the compound of Formula | is selected from

a compound of Formula I(a), I(b) and I(c):

RZ-0

wherein
-—-- represents a single or double bond;
R! is selecied from Ciqpalkyl, Coqpalkenyl, Caqpcycioalkyl, Cs.qpcycloalkenyl,

Ce-10aryl, Cr0alkyleneCes.1paryl and Ci qoalkyleneCs qgeycloalkyl; and
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R? and R? are independently selected from H, Ci_igalkyl, Ci.10acyl, Ce.q0aryl, Ca.
socycloalkyl, Cy.ipalkyleneCes.1paryl and CqqpalkyleneCs yocycloalkyl; and

the compound of Formula Il is selected from a compound of Formula [I(a), 1I{b}

and ll{c):
R2-0
o}
R3
"0
wherein

-—-- represents a single or double bond; and
R? and R® are independently selected from H, Ciqoalkyl, Cy.10acyl, Cg.1caryl,

Cs.qgcycloalkyl, CqqpalkyleneCsqgaryl, and Cq.jpalkyleneCs.jpcycloaikyl.

3. The process of claim 1 or 2, wherein R® is selected from H, C1salkyl, C1sacyl,
Ceg.qoatyl, Cs.gcycloalkyl, Csscycloalkenyl, C1salkyleneCe_paryl, and
Ci.galkyleneCqyscycloalkyl.

4. The process of claim 3, wherein R® is selected from H, Ac, Me, Et, Ph,
cyclobutyl, cyclopentyl, cyclohexyl, Bn, cyclobutylmethyl, cyclopentyimethyl and
cyclchexylmethyl.

5. The process of claim 4, wherein R® is H.

6. The process of claim 2, wherein the compound of Formula | is a compound
of Formula I{b}:
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wherein

---- represents a single or double bond,;

R' is selected from Cr1oalkyl, Co.qpalkenyl, Csqocycloalkyl, Cs.ipcycloalkenyl,
Ce-10aryt, CipalkyleneCs.iparyl and Cq_joalkyleneCs.jocycloalkyl; and

R? is selected from H, Ci.ioalkyl, Ciipacyl, Csioaryl, Caqgcycloalkyl, Ci.
ioalkyleneCs_1paryl and Cq.qpalkyleneCa.jpeycloalkyl.

7. The process of claim 6, wherein the compound of Formula lI{(b} is protected
prior to reaction with the reagent of Formula 11l under conditions to provide ketals
of Formuia IV

R?-0

wherein

---- represents a single or double bond;

R? is selected from H, Ciipalkyl, Ciqoacyl, Ceqoaryl, Csqocycloalkyl, Ci.
nalkyleneCg_1oaryl and Cq.ipalkyleneCaiocycloalkyl; and
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R* and R® are each independently the same or different hydrolysable protecting
group, or R* and R’, together with the oxygen atom to which each is bonded,

form a hydrolysable cyclic protecting group.

8. The process of claim 7, wherein the conditions to provide the ketals of
Formula IV comprise adding a suitable ketone activating reagent to a stirred
suspension or solution comprising the compound of Formula li(b) and a suitable
alcohol, optionally in a suitable solvent, and allowing the mixture to stir for a time
and temperature for the conversion of the compound of Formula lI(b) to the

compound of Formula 1V o proceed to a sufficient extent.

9. The process of claim 7 or 8, wherein the reaction of the compound of

Formula IV with the reagent of Formula lll provides compounds of Formula V:

R2-0

wherein

-—- represents a single or double bond;

R' is selected from Ci.oalkyl, Cooalkenyl, Ca.iocycloalkyl, Cs.iocycloalkenyl,
Ce-10aryl, CrqpalkyleneCg_1paryl and Cy_ipalkyleneCs.qpcycloalkyl;

R is selected from H, Ciapalkyl, Ciapacyl, Caanaryl, Cs.ipcycloalkyl, Cq.
ralkyleneCe.roaryl and C1_malhkylenec3_1ocycloalkyl; and

R* and-R® are each independently the same or different hydrolysable protecting
group, or R* and R®, together with the oxygen atom to which each is bonded,
form a hydrolysable cyclic protecting group.
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10. The process of claim 9, wherein deprotection of the compounds of Formula

V under hydrolysis conditions provides ketones of Formula I(b):

R2-0

wherein

- represents a single or double bond;

R'! is selected from Ciioalkyl, Coqpalkenyl, Caqpcycloalkyl, Ca.igcycloalkenyl,
Cs-10aryl, CqoalkyleneCg.qoaryl and Cq.qpalkyleneCs pcycloalkyl; and

R° is selected from H, Cqqpalkyl, Cipacyl, Cgioaryl, Caccycloalkyl, Cq.
1oalkyleneCeg.10aryl and Cq_gpalkyleneCa qocycloalkyl.

11. The process of claim 10, wherein the hydrolysis conditions to provide the
compounds of Formula I(b) comprise treating the compounds of Formula V under
suitable acidic conditions for a time and temperature for the conversion of the
compounds of Formula V to the compounds of Formula I{b) to proceed to a

sufficient extent.

12. The process of claim 11, wherein the suitable acidic conditions comprise
adding about 2 N to about 8 N HCI to a stirred solution of the compound of
Formula V in a suitable crganic solvent.

13. The process of any one of claims 7 to 12, wherein R* and R® are Me.

14. The process of any one of claims 7 to 12, wherein R* and R®, together with
the oxygen aiom to which each is bonded, and the carbon atom to which each
oxygen atom is bonded, form a dioxolane moiety.
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15. The process of claim 6, wherein prior to reaction with the reagent of Formula
I, the compound of Formula 1l(b) is treated under reducing conditions to provide

a compound of Formuia [l{a):

RZ2-0

li(a)

wherein

---- represents a single or double bond; and

R? is selected from H, Cqqoalkyl, Cippacyl, Csiparyl, Caigeycloalkyl, Cq.
twalkyleneCgparyl and Cq.jpalkyleneCaqgcycloalkyl, and

R¥is H.

16. The process of claim 15, wherein the reducing conditions to provide the
compound of Formula 1l{a) wherein R® is H comprise treating the compound of
Formula ll(b) in a suitable solvent with a suitable reducing agent for a time and
temperature for the conversion of the compound of Formula lli(b) to the

compound of Formula |l{a) wherein R® is H to proceed to a sufficient extent.
17. The process of claim 16, wherein the reducing agent is NaBH,.

18. The process of any one of claims 15 to 17, wherein the reaction of the
compound of Farmula Il(a), wherein R® is H with the reagent of Formula Il|

provides a compound of Formula I{a):
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wherein

- fepresents a single or double bond,

R' is selected from Cq-qcalkyl, Coqpalkenyl, Caocycloalkyl, Cs.gcycloalkenyl,
Ce-r0aryl, CiqpalkyleneCs.iparyl and CiioalkyleneCs.ipcycloalkyl;

R* is selected from H, Ciqalkyl, Ciigacyl, Ces.gearyl, Casecycloalkyl,
Cq.1palkyleneCe1paryl and CqqpalkyleneCs.qocycloalkyl; and

R¥is H.

19. The process of any one of claims 1 to 18, wherein R’ is selected from
Cisalkyl, Czealkenyl, Csecycloalkyl, Csscycloalkenyl, Ceqoaryl, CisalkyleneCs.
joaryl, and CqsalkyleneCsecycloalkyl.

20. The process of claim 19, wherein R is selected from Me, Et, vinyl, allyl, Ph,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, Bn, cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl and cyclohexylmethyl.

21. The process of claim 20, wherein R is selected from vinyl, cyclopropyl and
cyclobutyl.

22. The process of any one of claims 1 to 21, wherein R? is selected from H,
Cisalkyl, Cresacyl, Ce.s0aryl, Csscycloalkyl, Csscycloalkenyl, CsalkyleneCe jparyl,
and CqgalkyleneCj.gcycloalkyl.
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23. The process of claim 22, wherein R? is selected from H, Ac, Me, Et, Ph,
cyclobutyl, cyclopentyl, cyclohexyl, Bn, cyclcbutylmethyl, cyclopentylmethyl and
cyclohexylmethyl.

24. The process of claim 23, wherein RZis Ac.

25. The process of any one of claims 1 to 24, wherein the reagent of Formula Ill
is selected from a Grignard reagent, an organolithium reagent, an organocuprate

reagent, an organozinc reagent and an organoaluminum reagent.

26. The process of claim 25, wherein the reagent of Formula Il is a Grignard

reagent, wherein A is MgX and X is selected from Ci, Brand |.
27. The process of claim 26, wherein X is selected from Cl and Br.
28. The process of claim 27, wherein X is Br.

29. The process of any one of claims 1 to 14 and 19 to 28, wherein the
compound of Formula | is selected from a compound of Formula I(b)(i}, ¥b)(ii)
and I{b){ii).

I(b)(7) I(b)if) Kb) i}

30. The process of claim 29, wherein the compound of Formula | is the

compound of Formula I(b){i).

31. The process of claim 29, wherein the compound of Formula | is the

compound of Formula I(b){ii}.
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32. The process of claim 29, wherein the compound of Formula | is the

compound of Formula I(b)(iii).

33. The process of any one of claims 1 to 5 and 15 {o 28, wherein the compound

of Formula | is a compound of Formula |{(a){iii):

Wa)(iii)

34. The process of any one of claims 1 to 33, wherein the conditions to
provide the compounds of Formula | from the compounds of Formula 1l using the
reagents of Formula Il comprise adding the reagent of Formula Il dropwise to a
stirred solution of the oxazolidine of Formula 1l in a suitable solvent at about -5 °C
to about 5 °C, allowing the mixture to warm up to a temperature of about 0 °C to
about 30 °C, and stirring for a time for the conversion of the compound of
Formula' [l to the compound of Fermula | to proceed to a sufficient extent.

35.  The process of claim 34, wherein the reagent of Formula Il and the
compound of Formuia Il are used in a molar ratio of about 3:1 to about 8:1.

36. The process of claim 1, wherein the compound of Formula | is prepared
from the compound of Formula Il in a one-pot synthesis without the isolation of
intermediates.
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