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METHODS FOR TREATING DEPRESSIVE SYMPYOMS
Related Applications
This application claims priority to U.S. Provisional Application Serial No.
61/827,295, filed May 24, 2013, and U.S. Provisional Application Serial No.
61/827,317, filed May 24, 2013, the contents of which are incorporated herein by

5 reference in their entireties.

Background
Depression (also known as depressive disorders or depressive symptoms)

includes common but serious disorders of the brain characterized by combinations of
16 signs and sympioms that may include feelings of hopelessness, guilt, worthlessness,

and/or sadness alongside changes in slegp and/or eating patterns. While complex

depressive disorders are thought to be caused by moultiple factors, it is widely accepled

that these disorders generally have a neurochemical component. Current ireatment

regimens often consist of a combination of psychotherapy and one or more

medications to regulate neurstransmitiers such as dopamine, serotonin and

[V
(%3]

norepinephrine.
Current pharmacological methods of treatment for depressive disorders can be
efficacious, but they often have significant drawbacks. Many anti-depressants have a
iatency period of two to three weeks, a delay that can be life-threatening to a patient
20 who is depressed. After this initial period, if a chosen therapeutic shows little or no
effect on the symptoms of the patient, the treating physician may alter the therapeutic
regimen by increasing the dosage of the chosen drug or by recommending an entirely
new compound. Even after a medication proves efficacious, the patient may suffer
side effects such as dizziness, weight gain, and a loss of libido. The patient may also
25 develop a tolerance to the drug, leading them to take ever-increasing doses in order fo
achieve similar results, In cerfain cases, chemical dependence may also develop,
feading to potential abuse and, in the case of abrupt discontinuation, major withdrawal
(incloding the risk of grand mal seizures and death).
While certain treatments for depressive disorders do exist, many commonly
30 used therapeutics suffer from significant drawbacks including inefficacy, latency
periods, tolerance, and chemical dependence. There is therefore an urgent need for
new and improved methods of treatment for these disorders that may be used alone or

in conjunction with existing therapeutic modalities.

uiw
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Sumunary of the Invention

Provided herein are methods for treating depressive symptoms comprising

administering to a subject in need thereof 3 y opioid receptor agonist, €.g., &
5 compound of Formula L, II, HI, or IV, or Table A,

In one aspect, provided herein is a method of treating a depressive symptom in
a subject in need thereof, which comprises administering to the subject an effective
amount of a 1 opioid receptor agonist that exhibits an Emax of 5% to 45% in a
GTPyS binding assay. In one embodiment, the Emax is 15% to 35% ina GTPyS

10 hinding assay. In another embodiment, said agonist has a low risk of opioid
dependence, opioid addiction, and/or symptoms of opioid withdrawal.

In another aspect, provided herein is a method of {reating a depressive
symplom in a subject in need thereof, which comprises administering to the subject an
effective amount of a compound that exhibits 2 maximal dopamine efflux in the

15 nucleus accumbens of 125 % to 300% over base line in a rat. In particular
embodiments, the compound exhibits a maximal dopamine efflux in the nucleus
accumbens of 200 % to 300% over base line in a rat.

in another aspect, provided herein is a method of treating a depressive
symptom in a subject in need thereof, which comprises administering to the subject an

20 effective amount of a compound that does not attenuate thermal pain in a rodent hot
plate model when admdinistered at a dose of at least 1 mg/kg. In one embodiment, the
compound does not attenuate thermal pain in a rodent hot plate model when
administered at a dose of at least 3 mg/kg. In avother embodiment, the compound
does not attenuate thermal pain in a rodent hot plate model when administered at a

25 dose of 10 mg/kg.

In still another embodiment, provided herein is a method of treating a
depressive symptom in a subject comprising administering to the subject a compound

of Formula I
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or & pharmaceutically acceptable salt thereof, wherein

R is H, hydroxyl, or methoxy; and
Ry and Ry are each, independently, H, hydroxyl, or NRsRg, wherein Ry and Ry
5 are each independently H, alky! or substituted acyl , or alternatively, Ry and R,
together with the carbon atom to which they are attached, form C=0 or C=CH;.

In one embodiment of Fornula I, substituted acyl is defined as follows:

o % Q
Q L Rip g P _‘L 3 }
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R Ry Nt ‘ 8 o
L N
: . or

wherein Ry is Hoear or branched C-Cg alkyl; Ryp is halo, C-Cg alkyl, or C4-Cy
10 alkoxy; and Ry is aryl or heteroaryl. In one embodiment of Formuda (V) Ry
is cyclopropyl.

In particular embodiments, the compound of Formula § is:

%,
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In another aspect, provided herein is a method of wreating a depressive
5 symptom in a subject comprising administering to the subject a compound of Formula

i

()
or a pharmaceutically acceptable salt thereof, whereii:

Ry is C-Cs alkyl, $3-C atkenyl, cveloalkyl, heterocyelyl, hydroxyalkyl, or

10 altkoxyalkyl;

Ryq is H or methyl;

R; and Rj are each methyl, or alternatively, R; and Rj, together with the
carbon atoms to which they are attached, form a 6-membered unsubstituted
garbocyclic ring;

1§ when “~-~-~~ is 3 single bond, Ry is H; and

when “~~~~~ ig a double bond, R4 is Q.

In particular embodiment, the compound of Formula I is:
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Also provided herein is 2 method of treating a depressive symptorn in a

subject comprising adminisiering to the subject 8 compound of Formula L

N

(o3

T {mn

or @ pharmaceutically acceptable salt thereof, wherein:
Ry is Ci-Cs alkyl, Cy-Cy alkenyl, arvi, cycloalkyl, heterocyclyl, benzyl,

hydroxyaliyl, or alkoxyalkyl;

i0 Ry, is H or methyl;
R; and Ry are each H, methyl, or ethyl, or alfernatively, R, and Ry, together

with the carbon atoms to which they are attached, form a 6-membered unsubstituted

carboeyclic ring or carbonyl-substituted carbocyclic ring;
Ry and Rs are each, independenily, H, hydroxyl, or C,-Cs alkyl;

~3
i
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R is unsubstituted or substituted Cq-Uyp aryl, or substituted or unsubstituted
heteroaryl comprising one or two S- or 6-membered rings and 1-4 heteroatoms
selected from N, O and 8; and

Ry and Rg are each, independently, H or hydroxyl

§ In particular embodiment, the compound of Formula 1Y s

%

£ §““K (o
FAN SN
W\ ¥ kY

f/(:‘
&
N,

5 7
ey
X\

or
10
Furthermore, provided herein is a method of treating a depressive symptom in

a subyject comprising administering to the subject a compound of Formula TV:
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or g pharmaceutically acceptable sall thereof, wherein:

Ry is €T alkyl, Cr-Cs alkenyl, aryl, cycloalkyl, heterocyelyl, benzyl,
hydroxvalkyl, or alkoxyatkyl;

5 Ry: is H or methyh;

Rz is H, hydroxyl, or methoxy; and

R; and Ry are each methyl, or aliernatively, Rz and Ry, together with the
carbon atoms {o which they are attached, frm & 6-membered unsubstituted
carbocyclic ring.

10 In certain embodiment, the compound of Formula 1V is;
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in yet another aspect, provided herein is a method of treating a depressive

gymptom in a subject comprising adminislering to the subject a compound selected

from:
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5  or a pharmaceutically acceptable salt thereof,

In certain embodiments of the methods disclosed herein, the compound isa
opioid receptor agonist that exhibits an Emax of 5% to 45% in a GTPyS binding
assay. In particular erobodiments, the Emax is 15% to 35% in a GTPyS binding
assay. In other embodiments, said agonist has a low risk of opioid dependence,

10 opioid addiction, and/or symptoms of opioid withdrawal.

In other embodiments of the methods, the compound exhibits a maximal
dopamine efflux in the nucleus accumbens of 125 % to 300% over base line in a rat.
in particular embodiments, the compound has a maximal dopamine efflux i the

nmucleus accumbens of 200 % to 3009% over base ling in a rat,

Uh

In still other embodiments, the compound of the methods provided herein does

P

not attenvate thermal pain in a rodent hot plate model when administered at a dose of
at least 1 mg/kg. In particular embodiments, the compound does not atienuate

thermal pain in a rodent hot plate model when administered at a dose of at least 3

— 1 2 -
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mg/kg. In other embodiments, the compound does not attenuate thermal painina
rodent hot plate mode! when administered at a dose of 10 mp/kg.

In preferred embodiments of the methods provided herein, the subjectis a
human.

5 In cortain embodiments of the methods provided herein, the depressive
symptom is depressed mood, loss of pleasure, loss of appetite, sleep disturbance,
psychomotor changes, fatigue, and/or post-partum depression.

In other embodiments, the depressive sympion is associated with a mental
condition, wherein the mental condition is schizoaffective disorder, and/or scasonal

10 affective disorder.

In still other embodiments, the depressive symptom is acute siress disorder,
adjustment disorders with depressed mood, Asperger syndrome, attention deficit,
hereavement, bipolar T disorder, bipolar I disorder, borderline and personality
disorder, cyciothymia and dysthymia, depression such as major depressive disorder

15 (MDD and treatment-resistant disorder (TRIM, Dysthvmic disorder, hyperactivity
disorder, impulse control disorder, mixed mania, obsessive-compulsive personality
disorder {OCD), paranoid, post-traumatic stress disorder, seasonal affective disorder,
self-injury separation, sleep disorder, substance-induced mood disorder, Tourette
syndrome and tic disorder, and/or Trichotillomania.

20 In other embodiments, the depressive symptom is an goxiety disorder, whergin
the anxicty disorder is generalized anxiety disorder, panic, agoraphobia, acute siress,
and/or post-traumatic stress disorder.

In still other embodiments of the ireatment methods, the depressive sympiom

is associated with chronic or recurrent depression,

5
Brief Description of the Drawings
Figure | depicts the resulis of experiments measuring the antinociceptive
effects of Compound A, cither alone or in combination with morphine, using a rat hot
plate assay,
3¢ Figure 2 depicts the results of experimaents measuring the antineciceptive

effects of Compound A, or buprencrphine using a rat hot plate assav.
Figure 3 depicts the results of in vive microdialysis experiments measuring
dopamine release in the rat nucleus accumbens induced by Compound A and

baprenorphine.
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Figure 4 depicts the resulis of experiments measuring the antinociceplive
effects of morphine, Compound B, Compound €, Compouand D and Compound E,
using a rat hot plate assay.

Figure § depicts the results of in vivo microdialysis experiments measuring
dopaming release in the rat nucleus accumbens induced by different doses of
Compound B.

Figure 6 depicts the results of in vive microdialysis experiments measuring
dopamine release in the rat nucleus accumbens induced by different doses of
Compound C.

Figure 7 depicts the results of i vive microdialysis experimenis measuring
dopamine release in the rat nucleus accumbens induced by different doses of
Compound D.

Figure § depicts the results of in vive microdialysis experiments measuring
dopamine release in the rat nucleus accumbens indoced by different doses of
Compound E.

Figure 9 depicts the results of in vivo Forced Swim Test measuring reduction

of immobility in rats induced by different doses of Compound A, Bor £,

Betailed Description

Methods of Treatment

The compounds of Formulas (I}, (31}, (1), (1V), and Table A, provided herein,
are particularly suitable for treating a depressive symptom. The depressive sympiom
can be depressed mood, loss of pleasure, loss of appetite, sleep disturbance,
paychomotor changes, fatigue, and/or post-partum depression. The depressive
symptom can be associated with a mental condition, wherein the mental condition is
schizoaffective disorder, and/or seasonal affective disorder.

Furthermore, the depressive symptom can be acuie siress disorder, adjustiment
disorders with depressed mood, Asperger syndrome, attention deficit, bereavement,
hipolar | disorder, bipolar 1 disorder, borderline and personality disorder,
cyclothymia and dysthymia, depression such as major depressive disorder (MDD} and
treatmeni-resisiant disorder (TRD), Dysthymic disorder, hyperactivity disorder,
impulse control disorder, mixed mania, obscssive-compulsive personality disorder

{OCD), parancid, post-iraumatic stress disorder, seasonal affective disorder, self-

...14_,
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15

20

30

injury separation, sleep disorder, substance-induced mood disorder, Touretie
syndrome and tic disorder, and/or Trichotillomana,

The depressive symptom can also be an anxiety disorder, wherein the anxiety
disorder is generalized anxiety disorder, panic, agoraphobia, acute stress, and/or post-
traumatic stress disorder,

The depreasive symptom can be associated with chronic or recurrent
depression.

Accordingly, provided herein are methods of treating depressive symptoms in
a subject in need thereof, comprising administering to the subject a compound, or &
pharmaceutically acceptable salt thereof, of Formulas (I}, (1), (131}, or IV}, or Table
Al

1t has been discovered that Fmax value in a GTPyS binding assay can be used
to select a y opioid receplor agonists for the treatment of a depressive sympton. In
particular, it has been discovered that corapounds with an Emax of 5% t045% ina
GTPyS binding assay are especially suitable for treating depressive symptoms. Thus,
in one aspect, provided herein is a method of treating a depressive symptom in a
subject in need thereof comprising administering to the subject an effective amount of
a u opioid receptor agonist that exhibits an Emax of 5% 10 45% {e.g., §, 10, 15, 26,
25, 30, 35, 40, or 43 %) in a GTPyS binding assay. In a particular embodiment, the
Emax of the agonist is 15% to 35% in a GTPyS binding assay. In anothor
gmbodiment, the agonist has a low risk of opivid dependence, opioid addiction and/or
symptoms of opioid withdrawal, Non-limiting examples of such agonist melude the
compounds of Formulas I, 11, Hf and IV, as well as the compounds of Table A

It has also been discovered that a compound that exhibits 2 maximal dopamineg
efftux in the nucleus accumbens in a rat of 125 % to 300% over base line is
pariicolarly suitable for treatment of depressive symptoms, Thus, in another aspect,
provided herein is a method of treating a depressive symptom in a subject i need
thereof comprising administering to the subject an effective amount of 2 compound
that exhibits a maximal dopamine efflux in the nucleus accumbens ina rat of 1258% to
300% {e.g., 125, 180, 175, 200, 225, 250, 275, or 300%) over base line. Ina
particular embodiment, the maximal dopamine efffux in the nucleus accumbens in a
rat is 200% to 300% over base line. In ancther embodiment, the compound has a low

risk of opioid dependence, opioid addiction and/or symptoms of opicid withdrawal,
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15

Non-limiting examples of such compound include the compounds of Formulas 1, 1,
I and IV, as well as the compounds of Table A,

In still another aspect, provided herein is a method of freating a depressive
sympiom in g subject in need thereof comprising administering to the subject an
effective amount of a compound that does not attenuate thermal pain in a rodent hot
plate model when adminisiered at a dose of at least 1 mg/kg{eg., 1,2,3,4,5,6,7, 8,
9, or 10 mg/kg). In one embodiment, the compound does not attenuate thermal pain
in a rodent hot plate model when administered at a dose of 1-10 mg/kg {e.g., 1,2, 3, 4,
5,6,7, 8,9 or 10 mg/kg). In one embodiment, the compound does not attenuate
thermal pain in a rodent hot plate model when adminisiered at a dose of at least 3
mg/kg. In apother embodiment, the compound does not atlenvate thermal pain in g
rodent hot plate model when administered at 8 dose of 10 mg/kg. In still another
embodiment, the compound has a low risk of opioid dependence, opioid addiction and
or symptoms of opioid withdrawal, Non-limiting examples of such compound
inchude the compounds of Formulas I 1L T and 1V, as well a5 the compounds of
Table A

In one aspect, provided herein is a method of treating a depressive symptom in
a subject in need thereof comprising administering {0 the subject a compound of

Fornuila I

K is cyclobatyl, ~frem or _g_........_<;

R; is H, hydroxyl, or methoxy; and

Ry and Ry are cach, independently, H hvdroxyl, or NRsRs, wherein Rs and Rg
are each independently H, alkyl or optionally substituted acyl, or altematively, Ry and
Ry, together with the carbon atom to which they are attached, form C=0 or C=CH,,

In one embodiment, the substituted acyl 18 defined as follows:
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wherein Ry, is linear or branched C-Ug alkyl; Ryg is halo, C-Cy alkyl, or $4-Cy

alkoxy; and Ryy is aryl ot heteroaryl.

is cyclopropyl.

In one embodiment of Formula V), Ry

5 In another embodiment, the compound of Formula T is
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In another aspect, provided herein is 3 method of treating a depressive

sympiom in a subject in need thereof comprising administering to the subject a

compound of Formula IL:
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or a pharmaceutically acceptable salt thereof, wherein

Ry s Cp-Cg alkyl, Cp-Cs alkenyl, cycloalkyl, heterocyelyl, hydroxvalkyl, or
alkoxyalkyl;

5 Ryq is B or methyi;

R; and Ry are each methyl, or alternatively, R, and Ry, together with the
carbon atoms to which they are attached, form a 6-membered unsubstituted
carbocyelic ring;

when STTEU0 s a single bond, Ry is H; and

18 when S=SSW8 45 a double bond, Ry is O,

In one embodiment, the compound of Formula 11 s
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In still another aspeet, provided herein is a method of treating a depressive
5 symptom in a subject in need thereof comprising administering to the subject 2

compound of Formula [H:

Rug
s
Ry N7 R
. R
7 AR
F .*': v\*\ * ‘_x’ >
’_,f::r:{ Ry
Qm\ Rg
NH
< amy,
N ‘{ = B
N AR
N (m

or a pharmaceutically acceptable sali thereof, wherein:
Ry is C-Ce alkyl, C-Cg alkenyl, aryl, cycloalkyl, heterocyelyl, benzyl,
18 hydroxyalkyl, or alkoxvalkyl;
Riq 18 H or methyl;
R; and R; are each H, methyl, or ethyl, or alternatively, Ry and Rs, together
with the carbon atoms to which they are attached, form a 6-membered unsubstituted
carboeyelic ring or carhonyl-substituted carbocyclic ring;

i35 Ry and Rs are each, independently, H, hydroxyl, or C,-Cs alkyl;

__21_
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R is unsubstituted or substituted Ce-Cig aryl, or substituted or unsubstitiied
heteroaryl comprising one or two §- or 6-membered rings and 1-4 heteroatoms
selected from N, O and §; and

Ry and Ry are each, independently, H or hydroxyl.

5 In one embodiment, the compound of Formala I is:
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In another aspect, provided herein is a method of treating a depressive
symptom in a subject in need thereof comprising admindstering to the subject a

compound of Formula IV:

HO | (V)

i

or a pharmaceutically acceptabie sali thereof, wherein:

R, 18 C-Cs alkyl, Cp-Co alkenyl, aryl, cycloalkyl, heterocyelyl, benzyl,
hydroxyalkyl, or alkoxyalkyi;

Ris is H or methyl;

R is H, hydroxyl, or methoxy; and
10 R and Ry are cach methyl, or aliernatively, Ry and Ry, together with the
carbon atoms to which they are attached, form a 6-membered unsubstituted
carbogcyclic ring,

In one embodiment, the compound of Formula IV is:
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In vet another aspect, provided herein is a method of freating g depressive

sympiom in a subject in need thereof comprising administering to the subject a

compound selected from Table A, or a pharmaceutically acceptable salt thereof.

Table A
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Compound B

In another aspect, provided herein is a method of treating depression in g

subject in need thereof, comprising adrinistering to the subject the compound of

Formulas (1), (1), (1, or (IV), or Table A, or a pharmaceutically acceplable salt

thereof.

In one embodiment, provided herein is a method of treating depression in a

subject in need thereof, comprising administering to the subject the compound of

Formula (I} or a pharmaceutically acceptable salt thereof,

In another embodiment, provided herein is a method of treating depression in

a subject in need thereof, comprising administering to the subject the compound of

Formula (11} or a pharmaceutically acceptable salt thereof.
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In still another embodiment, provided herein iz 38 method of treating
depression in a subject in need thereof, comyprising administering to the subject the
compound of Formoula (3} or a pharmaceutically acceptable salt thergof.

In yet another embodiment, provided herein is a method of ireating depression

5 ina subject in need thereof, comprising administering to the subject the compound of
Formula (V) or a pharmaceutically aceeptable sali thereof.

In yet another embodiment, provided herein is a method of treating depression
in a subject in need thereof, comprising administering to the subject the compound of
Table A or a pharmaceutically acceptable salt thereofl

in In yet another aspect, provided herein is a method of ireating a depressive
symptom in a subject in need thereof comprising administering to the subject a
compound selected from Table B, or a pharmaceutically acceptable salt thergof.

In vet another embodiment, provided herein is a8 method of treating depression
in a subject in need thereof, comprising administering {o the subject the compound of

Table B or a pharmaceutically acceptable salt thereof.

R
=

In one specific embodiment, provided herein is 2 method of treating
depression and/or a depressive synmptom in a subject in need thereof, comprising

administering to the subject the compound:

%
20 or a pharmaceutically acceptable salt thergof.
iIn another embodiment, provided herein is a method of treating depression
and/or a depressive symptom in a subject in need thereof, comprising administering to

the subject the compound:
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NH;

or a pharmaceutically acceptable salt thereof.
In still another embodiment, provided herein is a method of treating
depression and/or a depressive symptom in a subject in need thereof, comprising

5 administering to the subject the compound:

i
; N
;N
s on
PN E A
N -'} - \_}
\J\t\ f? \\ 4
A
Oy QH 3
NH;

ot a pharmaceutically acceptable salt thereof.
[n still another embodiment, provided herein is a method of treating
depression and/or a depressive symaptom in a subject in need thereof, comprising

t¢  administering to the subject the compound:

or a pharmaceutically acceptable salt thereofl
In one embodiment, the compound of Formulas (1), (1), (11}, or (IV), or Table
is a i opioid receptor agonist having an Emax of 5% to 45% {e.g., 5, 10, 15, 20, 235,
15 30, 35, 40, or 45 %) in a GTPyS binding assay. In one particular embodiment, the

agonist exhibits an Emax of 15% to 35% in the GTPyS binding assay. In another
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embodiment, said agonist has a low risk of opioid dependence, opioid addiction and
or symptoms of opioid withdrawal.

In one embodiment, the compound of Formulas (I}, (81}, (I}, or 3V}, or Table
A, 18 & compound that exhibils a maximal dopamine effiux in the nucleus accumbens

in arat of 125 %6 to 300% (e.g., 125, 150, 175, 200, 2235, 250, 275, or 300 %) over

o

base line. In one particular embodiment, the maximal dopamine efflux in the
nucleus accumbens of a rat is 200 %4 to 300% over base line. In another embodiment,
the compound has a low risk of opioid dependence, opioid addiction and or symptoms
of opioid withdrawal,

10 In another embodiment, the compound of Formulas (8), (I, (I}, or (IV), or
Table A, is a compound that does not attenuate thermal pain in a rodent hot plate
model when administered at of dose of af least  mg'kg{eg., 1,2,3,4,5,6, 7,8, 8, or
10 mg/kg). In one embodiment, the compound does not attenuate thermal painina

rodent hot plate model when administered at a dose of 1-10 mg/kg (e, 1,2,3,4, 5,

i
.

8,7, 8, 9, or 10 mg/kg). In one particular embodiment, the compound does not
attenusate thermal pain in a rodent hot plate model when administered at a dose of at
least 3 mg/kg. In another embodiment, the compound does not attenuate thermal pain
in a rodent hot plate model when administered at a dose of 10 mg/kg. In another
embodiment, the compound has a low risk of opioid dependence, opioid addiction and
26 or symptoms of opioid withdrawal,

In one particular embodiment of the above-described methods, the subject is a
human.

In snother embodiment, the depressive symptom is depressed mood, loss of

pleasure, loss of appetite, sleep disturbance, psychomotor changes, fatigue, and/or

o
W

post-parfum depression.

In stifl another embodiment, the depressive symptom can be associated with a
mental condition, wherein the mental condition is schizoaffective disorder, and/or
seasonal affective disorder.

In vet another embodiment, the depressive symptom is acute siress disorder,
30 adjustment disorders with depressed mood, Asperger syndrome, attention deficit,
bereavement, bipolar I disorder, bipolar I disorder, borderline and personality
disorder, cyclothymia and dysthymia, depression such as major depressive disorder
(MDD} and treatment-resistant disorder {TRD), Dysthymic disorder, hyperactivity

disorder, impulse conirol disorder, mixed mania, obsessive-compulsive personality

._.:9_
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disorder {(OCD, paranoid, post-traumatic stress disorder, seasonal affective disorder,
self-injury separation, sieep disorder, substance-fnduced mood disorder, Tourette
syndrome and Yic disorder, and/or Trichotillomania.
in another embodiment, the depressive syraptom is an anxiety disorder,
5 wherein the anxiety disorder is generalized anxiety disorder, panic, agoraphobia,
acuie stress, and/or post-traumatic stress disorder.
I another embodiment, the depressive symptom is associated with chronic or

recurrent depression.

10 Definitions
The term “treat,” “treated,” “treating” or “reatment” includes the
diminishment or alieviation of at least one symptom associated or caused by the stalg,
disorder or disease being treated. In certain embodiments, the treatment comprises
bringing into contact with the opioid receptor an effective amount of a p opioid

receptor agonist, such as a corﬁpound of Formulas (1), (1), (D), or V), or Table A.

L

o

The term “subject” is intended to be 3 mammal. Examples of subjects include
humans, dogs, cows, hotses, pigs, sheep, goats, cats, mice, rabbiis, rats, and
transgenic non-human animals. In preferred embodiments, the subject is a human,
e.g., a human suffering from a depressive symptom, pain, pruritis, diarrhea, irritable

20 bowel syndrome, gastrointestinal motility disorder, obesity, respiratory depression,
convulsions, coughing, hyperalgesia, or drug addiction.

As used to herein, the term “GTPy8 binding assay” refers to the GTPyS
binding assay described in Example B, herein. This GTPyS binding assay is
performed under conditions such that the observed Emax value for buprenorphine

25 {CASH# 52485-79-7) in this assay is at least 50 % compared to baseline.

As used to herein, the term “Emax” refers to the maximal observed effect of a
compound. In certain embodiments, the Emax is the maximal percentage increase of
[3S5]GTPyS binding induced by an agonist relative to basal {355]GTPyS binding in
the absence of any drug.

30 As used to herein, the term “ECS50” refers to the concentration of a compound
required to achieve an effect that is $0% of the Emax.

As used (o herein, the term “rodent hot plate model” refers to the thermal pain

assay described in Example B2, herein.

-3~
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36

As used herein the term “low risk of opioid dependence, opioid addiction and
or symptoms of opioid withdrawal” refers to low “abuse Hability” Drugs with “abuse
Hability” are those associated with physical snd/or psychological dependence in
humans, or with a probability for diversion from the intended medical condition for
recreational use. There are a variely of animal models that can be used to assess the
abuse Hability of drugs. In general, these models use comparator drugs with known
high abuse potential. For the opioid class of compounds, the most common
comparator drug is morphine. Morphine has been shown clinically to have a high
potential for abuse. Morphine produces a “drug high,” dependency when the drug is
repeatedly administered, and withdrawal when the drug use is abrupily stopped. Each
of these traits can be evaluated in animal models for a given experimental drug to
determine its relative risk compared to morphine. For example, efftux of nucleus
accumbens dopamine can be evaluated as a predictor of the high or euphoria
following administration of the drug. A reduction in the maximal possible observed
ncrease in dopamine efffux would be correlated with a sigmificantly lower degree of
euphoria and a reduction in the abuse lability associated with drug-liking, Similarly,
the potential for dependence and withdrawal can be determined in standard animal
models in which the drug is administer 1-3 times per day, or by continual infusion for
5 to 14 days, followed by abrupt withdrawal. For addictive opioids, abrupt cessation
of sdministration of the drug will cause withdrawal characterized by such {raits as
weight-loss associated with excessive urination and defecation, increased shaking
behavior, increased “jumping” activity, and reduced body temperature. These are
quantitative measures that can be used to evaluate the relative nisk for dependency
compared to morphine. The ability of a drug to induce withdrawal in opicid-
dependent patients will also lead to a reduced abuse liability associated with diversion
of the drug. This feature can also be directly assessed in animals by making them
dependent on morphine, or another opioid agonist, and then precipitating withdrawal
by the administration of the drug, In certain embodiments, the compounds disclosed
herein have a lower abuse ligbility (e.g., a lower risk of opioid dependencs, opioid
addiction and or symptoms of opioid withdrawal} than buprenorphine.

As used herein, the term “alky]l” refers (o a fully saturated branched or
unbranched hydrocarbon moiety. Preferably the alkyl comprises 1 to 20 carbon
atorns, more preferably 1o 16 carbon atoms, 1 to 10 carbon atoms, 1 to 7 carbon

atoms, | to 6 carbons, 1 to 4 carbons, or 1 to 3 carbon atoms. Representative

— 3 ‘i -
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examples of alkyl include, but are not limited to, methyl, ethyl, n-propyl, ise-propyl,
n-butyl, sec-butyl, iso-butyl, fert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-
methythexyl, 2,2- dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, n-octyl, n-nonyl, »-

N

decyl and the like. Furthermore, the expression “C,-Cy-alkyl”, whereinx is -5 and y

L

is 2-10 indicates a particular alkyl group (straight- or branched-chain} of a particular
range of carbons. For example, the expression C1~Cg-alkyl includes, but is not limited
to, methyl, ethyl, propyl, butyl, isopropyl, tert-butyl and isobutyl.
The term “alkenyl,” alone or in combination refers to a straight-chain, cyclic
or branched hydrocarbon residue comprising at least one olefinic bond and the
1¢  indicated number of carbon atoms, Preferred alkeny! groups have up {o §, preferably
up to 6, particularly preferred up to 4 carbon atoms. Examples of alkenyl groups are
ethenyl, 1-propenyl, 2-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl,
iscbutenyl, 1-cyclohexenyl, t-cyclopentenyl.
As used herein, the term “cycloalkyl” or “carbocyelic” refers to satwrated or
15 unsaturaied monocyclic, bicyclic or tricyelic hydrocarbon groups of 3-12 carbon
atoms, preferably 3-9, or 3-7 carbon atoms, Exemplary monocyclic hydrocarbon
groups include, but are not limited 1o, cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl and cyclohexeny] and the like. Exemplary bicyclic
hydrocarbon groups include bornyl, indyl, hexahydroindyl, tetrahydronaphthyl,
20 decahydronaphthyl, bicyclof2.1.1Thexyl, bicycio[2.2.1Theptyl, bicyclo{2.2.1Jheptenyl,
6,6~-dimethylbicyclo[3.1.1Theptyl, 2,6,6-trimethylbicyciof3.1. 1]heptyl,
bicyclo[2.2.2joctyl and the like. Exemplary tricyclic hydrocarbon groups include
adamanty! and the like.
“Alkoxyalkyl” refers to a group having the formula R.OR", wherein R' is an

alkyt group as defined ghove, and OR" is an alkoxy group as defined below.

[
(93

“Alkoxy” refers to those alkyl groups, having from 1 to 10 carbon atoms,
attached to the remainder of the molecule vig an oxygen atom. Alkoxy groups with 1-
% carbon atoms are preferred. The alky! portion of an alkoxy may be linear, cychic, or
branched, or a combination thereof. Fxamples of alkoxy groups include methoxy,

30 ethoxy, isopropoxy, butoxy, cyclopentyloxy, and the like. An alkoxy group can also
be represented by the following formula: -OR’, where R is the “alkyl portion” of an
alkoxy group.

The term “hydroxyalkyl” refers to a group having the formula -R™-OH,

wherein R is an alkyl group as defined above,

...32...
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The term “aryl” includes aromatic monocyclic or multicyclic e g, tricyelic,
bicyelie, hydrocarbon ring systems consisting only of hydrogen and carbon and
containing from six {0 nineteen carbon atoms, or six o ten carbon atoras, where the
ring systems may be partially saturated. Aryl groups include, but are not limited to,

groups such as phenyl, tolyl, xylyl, anthryl, naphthyl and phenantheyl. Aryl groups

A4

can also be fused or bridged with alicyelic or heterocyelie rings which are not
aromatic so as to form a polycyele {e.g., tetralin).

The term “heteroaryl,” as used herein, represents a stable monocyclic or
bieyclic ring of up to 7 atoms in each ring, wherein at least one ring is aromatic and

10 coniains from 1 to 4 heteroatoms selected from the group consisting of O, N and 8.
Heteroaryl groups within the scope of this definition include but are not limited to:
acridinyl, carbazolyl, cinnolinyl, quinoxalinyl, pyrrazelyl, indolyl, benzotriazolyl,
furanyl, thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl, oxazolyl,
isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl,

1s  ietrshvdroguinoline. As with the definition of heterocycle below, “hetercaryl” is also
understood to include the N-oxide derivative of any nitrogen-containing heteroaryl.
In cases where the heteroaryl substituent is bicyclic and one ring is non-aromatic or
contains no heteroatomas, it is understood that attachment is via the aromatic ring or
vig the heteroatom containing ring, respectively.

20 The term “heterocyele” or “hetercoeyelyl” refers to a five-member to ten-
member, fully saturated or partially unsaturated nonaromatic heterocylic groups
confaining at least one hetercatom such as O, 8 or N. The most frequent examples are
piperidinyi, morpholinyi, piperazinyl, pyrrolidinyi or pirazinyl. Attachment of a

heterocyelyl substituent can ocour via a carbon atom or via & heteroatom.

W

Moreover, the alkyl, alkenyl, eycloatkyl, cycloalkenyl, alkoxy, aryl,

2

heteroaryl, and heterocycle groups described above can be “unsubstituted” or
“substituted.” The term “substifiied” is intended to describe moieties having
substituenis replacing a hydrogen on one or more atoms, e.g. C, S or N, of a
molecele. Such substituents can independently include, for example, one or more of

the following: straight or branched alkyl {preferably C;-Cs}, cycloalkyl (preferably

L
<

C3-Cy), alkoxy {preferably C;-Cy), thioalkyl {preferably C,-Cg), alkenyl {preferably
Co-Ce), alkynyl (preferably C;-Cg), heterocyclic, carbocyclie, arvl {e.g., phenyl},
aryloxy {e.g., phenoxy), aralkyl {e.g., benzyl}, arvioxyalkyl {e. g, phenyloxyallyl},

arylacetamidoyl, allkvlaryl, heteroaralkyl, alkylearbonyl and arvicarbonyl or other
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such acyl group, heteroarylearbonyl, or heteroaryl group, (CRR s NR'R”
{e.g., -NHp), ({CR' Ry CN (e g, -CN), -NOy, halogen {e.g., -F, -C, -Br, or -1},
{CR'R" 13 Chalogen); {(e.g, ~CF3), (CRR”}p3CHhalogen),,
{CR'R "} CHpthalogen), (CR'R7p;CONRR”, (CRR"pa(CNHINRR, (CR'R ™.
3S(0) o NRR”, {CROR ™, CHO, (CROR 0 O{CRR Yo, {(CRIR )5S0y R
{e.g., ~SOsH, -OSCEH, (CRIRpaOCR R H {e. g, -CH;OCH; and -OCH),
{CR'R™103S{CR’R™YeaH {e.g., -SH and -SCHy), (CR’R")0.:0OH (e.g., -OH},
{CR' R0 COR’, (CR'R "y s(substiiuted or unsubstituted phenyl),
{CRORY.4{C5-Cs eyeloalkyl), (CRR™)pSCHRT (e g, ~-COH), or (CR'R).0R°
group, or the side chain of any naturally ocowrring aming acid; wherein R” and R” are
each independently hydrogen, a C-Cs alkyl, C)-Cs alkenyl, Co-Cs atkynyl, or aryl
£ErOup.

As used herem, the term “acyl” refers to an organic radical linked to s
carbonyl

The present invention also includes pharmacentically acceptable salts of the
compounds described herein.  As used herein, “pharmaceutically accepiable salts”™
refers to derivatives of the disclosed compounds wherein the parent compound is
modified by converting an existing acid or base moiety to its salt form. Exampies of
pharmaceutically acceptable salts include, but are not limited to, mineral or orgaunic
acid salts of basic residues such as amines; alkali or organic salts of acidic remidues
such as carboxylic acids; and the like. The pharmaceutically accepiable salis of the
present invention include the conventional non-toxic salts of the parent compound
formed, for example, from non-toxic inorganic or organic acids. The
pharmacentically acceptable salts of the present invention can be synthesized from the
parent compound which contains a basic or acidic moiety by conventional chemical
methods. Generally, such salis can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount of the appropriate base or
acid in water or in an organic solvent, or in a mixtare of the two; generally,
nonagueous media like ether, ethyl acetate, ethanol, isopropanocl, or acetoniirile are
preferred. Lists of suitable salis are found in Remingion's Pharmaceutical Sciences,
17.sup.th ed., Mack Publishing Company, Easton, Pa., 1985, p. 1418 and Journal of
Pharmaceutical Science, 66, 2 (1977}, each of which is incorporated herein by

reference in its entivety.

_34-
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The description of the disclosure herein should be construed in congruity with
the laws and principals of chemical bonding. For example, it may be necessary to
remove a hydrogen atom in order accommeodate a substitutent at any given location.
Furthermore, i is to be understood that definitions of the variables (i e, “R groups™),

s as well as the bond locations of the generic formulae of the invention {e.g., Formuias

1, IE 0L, or IV, will be consistent with the laws of chemical bonding known in the art.
11 is also o be understood that all of the compounds of the invention deacribed above
wiil further include bonds between adjacent atoms and/or hiydrogens as reguired o
satisfy the valence of each atom. That is, bonds and/or hydrogen atoms are added to

19 provide the following number of total bonds to each of the following types of atoms:
carbom: four bonds; nitrogen: three bonds; oxygen: two bounds; and sulfur two-six
bonds.

The compounds of this invention may include asymmetric carbon atoms, It is
o be understood asccordingly that the isomers arising from such asymmetry {e.g., all

15 enantiomers, sterecisomers, rotamers, tautomers, diastereomers, or racemates} are
mcluded within the scope of this invention. Such isomers can be obtained in
substantially pure form by classical separation techniques and by stereochemically
controlled synthesis, Furthermore, the structures and other compounds and moieties
discussed in this application also include all tautomers thereot. Compounds described

20 herein may be obtained through art recognized synihesis sirategies.

it will also be noted that the substituents of some of the compounds of this
mvention include isomeric cyclie structures, It is to be understood accordingly that
constifutional isomers of particular substituents are included within the scope of this
invention, unless indicated otherwise. For example, the termo “tetrazole” includes

25 ietrazole, 2H-tetrazole, 3H-tctrazole, 4H-tetrazole and SH-tetrazole.

Exemplificavion of the Invension
The invention is further Hlustrated by the following examples, which should
not be construed as further limiting, The practice of the present invention will
30 employ, unless otherwise indicated, conventional techniques of cell biclogy, celi
culture, molecular biology, transgenic biology, microbiology and imimunelogy, which

are within the skill of the art,
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Paxt A, Svothetic Procedures

Synthesis procedures for preparation of the compounds of the invention are
readily available to the ordinary skilled antisan, For example, US patent 7,262,298;
PCT publication WO2012/088494; US patent 8,252,929, US patent 8,026,252;
Neumeyer et al, {Journal of Med, Chem. 2012, p. 3878); and US patent 8,252,929

(%1

provide synthesis methods that can be used or easily adapted to make the compounds
of Formulas L, 1§, Y, and IV, and Table A, All of the above-referenced patents and
references are incorporated herein by reference in their entirety.
The following are illusirative examples of synthesizing certain particular
13 compounds provided in this disclosure. One skilled in the art will readily apply
and/or adapt these methods to synthesize the compounds provided herein, e.g., the

compounds of Formudas §, IL {If, and 1V, and Table A.

Generyd Procedure o svnthesize g NH core compound

15 Synhesis of RAAR TR A nethvl: L2388 8 7o hyidvosplraf 4. 12-

methanohenzofurel 3. 2-eliscguineline-7. 2411 I idioxolani-8-o!

To Hydromorphone HCH(15.0 g, 46.7 mmeol) was added cthylene glycol (80
mi.} and methane sulfonic acid (10 mL} and the reaction heated at 80 °C overnight.
20 The reaction was cooled {o room temperature and poured info ice / NHjgg (~ 350
mb} The product was extracted with dichloromethane and dried over MgSQ, before
concentration under reduced pressure 1o give (4R 4aR,7aR,12b58}-3-methyl-
1,2,3,4,48,5,6,7a-octahydrospirol{4, 1 2-methanobenzoture{3,2-¢lisoquinciine-7 2'-
{1,31dioxolan}~9~of {19 g, 99.9% LOMS); [M+H]" 330.5. This was taken onto the

25  next step without purification.

Synthedis of GRAR TR I et L A3 S da S0 Jecoctahydvoapingl 42,

methanobenzofurol3.2-elisogquinoline-7.2'-1 1 31dioxolan]-9-vi

frifluoromethanesulfonate
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T

To a mixture of (4R 4aR,7aR, 12b8}-3-methyl-1,2,3,4,45,5,6,7a-
octahydrospirof4,12-methanobenzofuro[3,2-elisoquinoline-7,2'-[1,3]dioxolan]-9-0l
{21.54 g, 46.73 momol) and triethylamine (20 mI, 140.2 mmol) in dichloromethane
{600 mL) was added N-Phenvibis(triflusromethanesulfonamide) (17.53 g, 49.0 mmol)
and the mixture stirred at room temperature overnight. The solvent was concentrated
under reduced pressure and the residue taken up in 20% hexane in ethyl acetate (1 L)
and washed with water (x 5). The organic phase was dried (MgS0y). Filtration and
removal of the solvent under reduced pressure gave (4R,4aR,7aR, 12bS)-3-methyl-
1,2,3,4,43,5,6, 7a-octahydrospiro[ 4,1 2-methanobenzofuro[3,2-¢lisoquinoline-7,2'-
[1,3}dioxclan]-9-y! trifluoromethanesulfonate (20.77 g, 96% pure LCMS), [M+H]
462.1.

To a solution of (4R, 4aR,7aR,12b5)-3-methyl-1,2,3,4,4a,5,6,7a-

octahydrospirof4,12-methanchenzofuro[3,2-elisoquinoline-7,2'-{ 1,3 jdioxolan]}-9-yi
triftuoromethanesulfonate (20.77 g, 45.0 nunol) in degassed dimethylormamide (400
mk) was added tetrakis{triphenylphosphine}palladiom(0) (5.21 g, 4.50 nunol). Afier
heating to 40 °C, zinc cyanide (3.18 g, 27.0 nunol) was added and the reaction
mixture heated at 110 °C for 6 hours. The reaction mixture was cooled to room
temperature and diluted with ethyl acetate and filtered through a pad of celite. The
filirate was diluted further with ethyl acetate and washed with water (3 x 500 mL).
The agueous phase was basified with sodivm hydrogen carbonate solution and re-

extracted with ethyl acetate and the combined organics dried (Mg3Qy), filtered and
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20

concentrated under reduced pressure. Purification by silica chromatography (100%
dichloromethane to 3% NHy/methanol in dichloromethane) gave (4R 4aR,7aR,12bS)-
3-methyli-1,2,3,4,4a,5,6,7a~octahydrospiro[4, 1 2-methanobenzofuro]3,2-
elisoquinoline-7,2'-[1,3]dioxolane}--carbonitrile (10.0 g, 91% pure LCMS, 63%
vield over three steps); [M+H]" 339.1,

Synthesis of (4R 4aR,7aR, 12b8)-1.2.3.4 4a.3.6,7a-octahvdrospire[4,12-

NH
JERE G W
g S
ssssss <& \;?L“\'
W WA
s i b
g 5 3
& X, £
NS WJ\\ {}\T"" 2 “}}7.“ (}
NC Q2

To a suspension of (4R,4aR,7aR,12b8}-3-methyl-1,2,3,4,4a,5,6,7a-
octahydrospiref4,12-methanobenzofure[3,2-elisoquinoline-7,2'-[1,31dioxolane]-9-
carbonitrile (3.0 g, 17.8 mmol} in dimethylformamide (50 mL) was added diisopropyl
azodicarboxylate (5.4 mL, 27.5 ramol). The reaction was heated to 55 °C for 3 hours
until the starting material was consumed. To the reaction was added dimedone (5.8 g,
41.4 mmol) and methanol {1.75 mL, 54.8 mmol) and the reaction heated to 60 °C for
3 hours. The reaction was allowed to cool to room temperature and poured into 0.5 M
HCI g (80 mL). The agueous phase was washed with diethyl ether: ethyl acetate
(3:1). The organic phase was back extracted with 0.5 M HCl 4, and acidic phases
combined before basifying with 2M NaOH uontil pHS. The aqueous phase was
extracted with ethyl acetate (x 3). The combined organic phases were washed with
water/brine (x 3) before drving over MgS0, and concentrating under reduced
pressure. The residue was purified by silica chromatography (5% methanol in
dichloromethane 1o 5% NHy/methanol in dichloromethane) to give
{4R.4aR,7aR,12h8)-1,2,3,4,44,5,6,7a~octahydrospiro[4, 1 2-methanobenzofuro{3,2-
elisoquinoline-7,2'-[1,3]dioxolane]-9-carbonitrile as a pale yellow solid (3.90 g, 95%

pure LOMS, 81% vield); IM+H]" 323.1,

General Procedure to symthesize ¢ deoxygenated core compound

Synthesis of R SaRTaR A 28810 -(henavin-Jomethvb 2,3 4 da 5 Shexahvdro-  H-

4.1 2-methanchenrofure]3 2-cliscouinolin-7{(Tal-one
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To Hydromorphone HCI(30.0 g, 1535.3 mmol) in dimethylformamide (500
ml) was added sodiom hydride (14.30 g, 357.4 mmol) portionwise with cooling. The
addition was conducted over 25 minutes, The reaction was stirred at room
5 temperaiure for 1.5 hours before the addition of benzy! chioride (17.88 mL, 357.4
mmol) over 10 minutes with cooling. The reaction was allowed to warm to room
temperature and stirred for 40 hours. The reaction was incomplete so additional
benzy! chloride (1.79 mL, 13.5 mmol) was added. After 4 hours, the reaction was
quenched with water (60 mL), acidified with aqueous HCI (ZM, 800 mbL) and washed
10 with ethy! acetate/diethyl ether (3:13 (2 x 300 mL). The agueous phase was basified
with agueous NaOH (2M, 800 mL) and extracted with ethy! acetate (2 x 1 L). The
organic phases were combined, washed with water/brine (1:1) (2 x 800 mlL} and dried
over MgSQ, before concentration under reduced pressure. The residue was taken up
in ethyl acetate and washed with water/brine (2 x 500 mL), dried over MgSQ;, before
15 concentration under reduced pressure to give (4R, 4aR,7aR, 12bS)-9-(benzyloxy}-3-
methyi-2,3,4,44,5,6-hexahydro-1H-4,12-methanobenzofuro] 3,2-ejisoquinolin-7{ 7aH}-
one {47.9 g, 95% pure by NMR, 82% vield); [M+H] 376.2. This was taken onto the

next step without purification,

20 Synibesis of (408 8aR AR 3 {bomavlokykd-hydroged Lanathid-8.8a 8 1 Gactndhyday:

JH-% 4b-{epiminoethanoiphenanthren-6{7H}-one

S TR
To (4R,4aR,7aR,12b8})-9-(benzyloxy)-3-methyl-2,3,4,4a,5,6-hexahydro-1H-
4,12-methanobenzofure[3,2-elisoquinolin-7(7aH}-one (§8.32 g, 0.16 mol) in ethanol
25 {1.55 L) was added ammonium chloride {124.63 g, 2.33 mol} and zine powder
{101.59 ¢, 1.55 mol}. The reaction was heated to reflux and monitored by TLC. Once

complete, the reaction was allowed to cool and filtered through a pad of celite. The
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pad was washed thoroughly with ethanol (1 L) and methanol {1 L}. The filtrate was
coneenirated under reduced pressure. The residoe was faken up in dichioromethane
and agueous ammonia (~15%, 1 L) before the product was extracted with
dichloromethane (3 x 700 mL). The dichloromethane phases were combined, washed

5 with brine and dricd over MgSQy before being concenirated under reduced pressure.
The residue was purified by silica chromatography eluted with 10% methanol, 5%
Ei;N in dichloromethane to give (4bS,3aR 9R)-3-(benzyloxy}-4-hydroxy-1 1 -methyl-
§,8a,%,10-tetrahydro-5H-9,4b-{epiminoethanophenantiven-6{ 7H}-one (30.4 g, 74.3%
pure LOMS, 64% yield); [M+H] 378.2,

10

md OTE 0
To a solution of {(4b8,8aR, 9R})-3{benzyloxy}-4-hydroxy-11-methyi-8,8a,9,10-

15 tetrahydro-SH-9,4b-{epiminocthano)phenanthren-6{7H)-one (28.2 g, 74.7 mmol} in
tetrahydrofuran under an atmosphere of argon at § °C was added sodium hydride
{4.48 g, 112.1 mmol} portionwise. The reaction was stirred for 30 minutes before N-
Phenyibis{irifluoromethanesuifonamide) {40.03 g, 112.1 omol) was added. The
reaction was left to warm fo room temperature overnight. The reaction was cooled to

20 0 °C and quenched with [PA followed by water, The solution was diluted with ethyl
acetate/heptanes {1:1) and agueous ammonia {309, 400 mL} added. The phases were
separated and the organic phase washed with aqueous amumonia {15%} twice before
being washed with brine, dried over MgS0y and concentrated under reduced pressure,

The resicue was purified by silica chromatography eluted with a gradient from 2.5 -

el
(92

10% methanol/dichloromethane to give (4b8,8aR, 9R}-3-(benzyloxy)-11-methyl-6-
0x0-6,7,%,8a,9,10-hexahydro-5H-9,4b-{epiminoethanophenanthren-4-v1
trifluoromethanesulfonate (31.6 g, 81% pure LCMS, 67% vield); [M+H]" 10,2,

Synthesiy of HHARR IR M (hennvlosy -1 e thv 8, a2 s ieirahvdra-SHA 45+

30 {epiminoethano)phenanthren-6{TH-one

- 40 -
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BrO o
To 3 solution of {(4bS,8aR R )}-3-(benzyloxy)-11-methyl-5-0x0-6,7,8,82,9,1 (-
hexahydro-3H-9,4b-{epiminoethana)phenanthren-4-vl triflucromethanesalfonate

{31.9 g, 62.6 mmol} in degassed dimethyl{ormamide (320 mL} was added PO A

e

{1,405 g, 6.6 mmol), 1,3-bis{diphenylphosphino}propane (2.58 g, 6.3 mamol} and
tricthylsilane (100 ml, 626.0 nmnol). The reaction was heated to 86 °C under argon
for 4 hours. The reaction was cooled to room tereperature, quenched with 2M HCI
and extracied with diethyl ether: ethyl acetate (1 ; 13 The organic phase was washed
with 2M HCL The acid phases were combined and washed with diethyl ether: ethyl
10 acetate {1 : 1} {x3}). The agueous phase was basified with 2M NaQH and exiracted
with cthyl acetate (x3). The organic phase was washed with water (x3) and then brine
before being dried over MgSQy and concenirated under reduced pressure o give
{4b5,8aR,9R}-3-(benzyloxy}-1 1-methyl-§,8a,% 1 0-tetrahydro-5H-9,4b-
{(epimincethanophenanthren-6{7H}-one {20.2 g, 85% pure LCMS); IM+H] 362.3.

15 'This was taken onio the next step without purification.
Synthesis of {4b8,.8aR 91} -3(benzvioxyi-11-methyl-5.7.8,82,9,10-
hexahydrospirad 9eth-{epiminosthanaivhenanthrene-8 21 L 3 diosadans]
.‘C\;{‘
43
X
Sne
24 To a suspension of (4b8,8aR,9R)-3-(benzyioxy)-11-methyi-§,8,9,10-

tetrahyvdro-3H-9,4b-{epiminoethano iphenanthren-6(7H}-one (20.2 g, 55.9 mmol} in
ethylene glycol (280 mL) was added methane sulfonic acid (14.5 mi, 223.5 mmol}.
The reaction went into solution and was stirred at room temperature for 16 hours. The
reaciion was poured into aqueous ammonia / ice and was extracied with ethyl acetate

25 {x3). The organics were combined, washed with water/brine (x3) and dried over
MgSQ; and concentrated under reduced pressure to give (4b5,8aR,9R)-3-

{benzyloxy)-1 l-methyl-5,7,8,8a,9,10-hexahydrospiro[9,4b-

..41_.
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N
n

{epiminoethanocjphenanthrene-6,2"-{1,3]dioxolane} (18.6 g, 84% pure UPLCY); [M+H]

406.3. This was taken onto the next step without purification.

Svnthesis of (4bS.8ak IR )-1 L-methvi-5,7.8.82.9.10-hexahvdrospiro[ 8.4b-

{eniminosthane mhenanthrene-6.2-1 3idioxelan]-3-of

-y o
R

,NS\ ‘\, ----- X

AF Nivveeaddd 3

¢ ¥ % i
\:):::“:.\" T
s s o 3
. o
R T {J\J\,

To a solution of (4b5,8aR, OR}-3-(benzyloxy}-11-methyl-5,7 8,83,9.10-
hexahydrospire{9,4b-(epiminocthano)phenanthrene-6,2'-{ 1,3 ]dioxolane} (21.8 g, 33.8
mmaol} in ethanol (545 mL) was added 10% palladium on carbon (2.2 g, 0.1 eq by
weight) and the reaction placed under an atmosphere of hydrogen. The reaction was
stirred for 16 hours at room temperature. The reaction was filtered through a pad of
celile and the filirate conceniraied under reduced prassure to give (4b5,8aR 9R}-11-
methyl-5,7,8,8a,9,10-hexahydrospiro[9,4b-{epiminoethano jphenanthrene-§,2'-
[1,3]dioxolan]-3-01 (16.9 g, 73% pure LCMS); [M+H]" 316.2. This was taken onto the

next step without purification.

Synthesis of (LS SRR a3 28 8 0 O-hesthvdrospivel 9 dh

{epiminocthano whenanthrene-6,.2°-1 1. 3 1dioxolani-2-vl iriflucromethanesuifonale

To g mixture of (4b8,8aR,9R)-11-methyl-5,7,8,82,9,10-hexahydrospirof ¢,4b-
{epiminoethano)phenanthrene-6,2'-[ 1,3]dioxolan}-3-01 (16.95 g, 53.7 mmol}) and
triethylamine {22.5 mL, 161.2 mmol} in dichloromethane (400 mL) was added N-
Phenylbis(irifluoromethanesulfonaraide) {19.77 g, 55.4 mmol) and the mixture stirred
at room femperature overnight. The solvent was concentrated under reduced pressure
and the residue taken up in ethy! acetate. The organic phase was washed with aqueous
ammonia‘water {1:1 x 3) before washing with brine. The organic phase was dried over

MgS0, and concentrated under reduced pressure. The residue was purified by silica

PCT/US2014/039361
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R

10

chromatography eluted with 0 — 10% methanol in dichloromethane to give
{4b3,8aR 9R}-1 1-methyl-5,7,8,82,9,1 0-hexahydrospiro{ 9,4b-
{epiminoethanophenanthrene-6,2'-{1,31dioxolan]-3-yl trifluoromethanesulfonate

(18,7 g, 76.8% pure LCMS, 57.7% over 4 steps,); [M+H] 448.2,

Synthesiz of GO Sal SR Llamethyvl:3, 7.8 80,8, Hk-hexehydrospirel 8. db-

{epiminpethanoiphenanibrene-6,2°-11 3 1dioxolane]-3 -carbonitrile

e
ES E“{ );"i
A
.\”‘.’ 4 \\{/\...‘\" 3
N AN ¢
raeseeds Y S
Dl
NG g

To g solution of (4bS,8aR,9R}-1 L-methyl-5,7,8,84,9,10-hexahydrospiro[9,4b-
{eptrminoethano)phenanthrene-6,2'-[ 1,3 1dioxolan}-3-y1 trifluoromethanesulfonate
{18.7 g, 41.8 mmol} in degassed dimethylformamide (250 mL} was added
tetrakis(triphenylphosphine)palladiom{0) {4.83 g, 4.2 vunol}. Afier heating fo 40 °C,
zinc cyanide {2.94 g, 25.0 mmol) was added and the reaction mixture heated at 130 °C
for 24 hours. Reaction incompiete so cooled to room temperature and
tetrakis(iriphenylphosphine)palladiom{0} (4.83 g, 4.2 mmol) was added and the
reaction heated to 135 °C for 4 hours. The reaction mixture was cooled to room
temperature and dituted with ethyl acetate and guenched with sodium hydrogen
carbonate solution, The mixture was filtered through a pad of celite. The phases werg
separated and the product extracted with ethyl acetate (x3). The organic phases were
combined, washed with water/brine (x3), dried over MgS804 and concentraled under
reduced pressure, Purification by silica chromatography (100% dichloromethane to
5% NHa/methanol in dichloromethane) gave (4b5,8aR 9%} 11-methyv1-5,7.8,83,9,10-
hexahydrospire]9,4b-(epiminoethanojphenanthrene-6,2'-{ 1,3 Jdioxolane}-3-
carbonitrile (8.26 g, 89% pure LCMS). [M+H] 325.2.

Svaihesis of (4b8,83R.9R1-5.7.8.83,. 9.1 0-bexahvdrospire[8,4b-

{epininodthanoiphehanhrone-63 L ddioxolane h hvarbinituils

_43_
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240
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To a suspension of (4bS,8aR,9R)-11-methyl-5,7,8,8,9,10-
hexahydrospire[9.4b-(epiminoethano)phenanthrene-6,2'-[ 1,3 Jdioxolane]-3-
carbonitrile (8.26 g, 25.5 mmol} in dimethylformamide (65 mL) was added
diisopropy! azodicarboxylate {9.32 mL, 47.4 mumol). The reaction was heated to 53 °C
for 4 hours until starting material is consumed. To the reaction was added dimedone
(9.99 g, 71.3 mmol) and methanol (3.1 1ok, 94.2 mumol) and the reaction heated fo 60
°C for 3 hours. The reaction was allowed o cool to room temperature overnight. The
reaction was poured into 0.5 M HCl ) (250 mL} and washed with diethyl ether :
ethyl acetate (3:1). The organic phase was back extracted with 0.5 M HCl ) (230
mL) and the acidic phases combined before basifying with 2M NaOH until pHY. The
aqueous phase was extracted with ethyl acetate (x 3). The combined orgamic phases
were washed with water/brine (x 3) before drying over MgS0; and concentrating
under reduced pressure. The residue was purified by silica chromatography {(100%
dichdoromethane to 10% Nily/methanol in dichloromethane) to give (4b5,8aR,9R)-

5,7.8,8a,%,10-hexahydrospirof9,4b-{epiminoethanojphenanthrene-6,2'-

[1,3]dioxolane]-3-carboniirile {5.95 g, 42% vield over two steps, 92% pure LCMS});
[MAHT 3112

._44__
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2-Cvclobutanecarbaldehvde

CEITIII

RS
£

*
/
o

Chernical Formula: 4O
Exact Mass: &4.00
4 ]
L

Moleoular Weight §4.12

36

To a mixture of Pyridinium chlorochromate (41.3 g, 181.6 mmol} in
dichloromethane (120 mL) was added Cyclobutanemethanol (7.5 g, 87.1 mmol}. The
mixture was stirred for 1.5 hours then filtered through a pad of silica and rinsed with
further dichloromethane (300 mL). The solvent was removed under reduced pressure
to give 2-cyclobutylcarbaldehyde (10.0 g, contains residual dichioromethane) that was

used without further purification,

(IR B8 TaR L2308 fceclobyelmetind )l da Sdiivdroxysd 3d do St henghedea LG

4,1 2-methanobenzofurol3, 2-elisoguinolin-7{7aH ) -one

A mixture of Noroxymorphone (8.8 g, 30.6 mumol) in methanol (250 mL) was
degassed for 20 minutes, 2-cyclobutanecarbaldehyde (7.7 g, 91.5 mmol) was added
and the mixture heated at reflux for 1 howr. The reaction mixture was cooled to
ambient temperature. In a separate flask formic acid (14.0 g, 306 mmol} was added
stowly o a solution of triethylamine (12.4 g, 123 munol) in methanol (40 mL). The
formic acid solution was stirred for § minutes before being added to the solution
containing Noroxymorphone along with dichloro{p-cymeneruthenturn{il} dirner (53

mg} The reaction was heated at reflux for a further 2.5 hours. The reaction was

_45._
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concentrated under reduced pressure then partitioned between ethy! acetate and
saturated sodium bicarbonate solution. The agueous phase was extracted with further
cthyl acetate then the organic layers combined and dried (Mg3QO4). Filtration and
removal of the solvent under reduced pressure gave (4R, 4a8,7aR,1268)-3-

(cyclobutylmethyl}-4a,9-dihydroxy-2,3,4,4a,5,6-bexahydro-1 H-4,12-

L]

methancbenzofuro]3,2-¢lisoquinolin-7(7aH}-one (10.2 g, 949 yield); LC/MS
(M+H)Y = 356.2.

10 (4R a8 TaR 1268:3-fovelobuivimetlivi-da-hvdvoxy-T-oxo-2 3.4, 40, 3.8.7. 7a-

octahvdro-1 Hed $ 2-methanobenzofurel 3. 2-eliscguinoiin-9-yi

srifluoromethanesulfonaie

15
To a solution of (4R, 4a5,7aR,12bS)-3-{cyclobutylmethyl}-4a,9-dihydroxy-

2,3.4,4a,5,6-hexahydro-1H-4, 1 2-methanobenzofuro[3,2-¢}isoquinolin-7{7aH}-one
(10.2 g, 28.7 mmol) and triethylamine (12.2 mL, 88.3 mmel) in dichloromethane (200
mL) was added N-Phenyibis(trifluoromethanesulfonamide) (11.0 g, 30.9 nuynol) and

20 the mixture stirred at room temperature overnighi. The solvent was concentrated
under reduced pressure and the residue partitioned between 20% hexane in ethyl
acetate (300 mL) and water (300 mL). The organic layer was washed twice more
with water and dried (MgS80,). Filtration and removal of the solvent under reduced
pressure gave (4R,4aS,7aR,i2bS)~3-(cyclobutyimethyl}—éia—hydréxy—?_()xtin

35 2,3,4,43,5,6,7,7Ta-octahydro-1H-4,1 2-methancbenzofurof 3, 2-¢lisoquinolin-9-yl

trifluoromethancsulfonate (14.3 g, 100% vield); LO/MS (M+H)' = 488.1.

_~4_6...
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(IR e, TaR IR dievclobutelme ud b N2 dodimethaxchenzplista-Bydroxy- Froxo:

To a sohution of {4R 448,7aR,12b8)-3-(cyclobutylmethy-4a-hyvdroxy-7-0x0-
2.3,4,42,5,6,7,7a-octahydro-1H-4, 1 2-methanobenzofuro{3,2-¢liscquinolin-9-yi
trifluoromethanesulfonaie (14.3 g, 29.3 mmol) in degassed dimethy] sulfoxide {185
mL), was added N-hydroxysuccinimide (5.8 g, 58.7 mmol), palladium acetate (0.66 g,

10 2.93 mmol), tricthvlamine (8.2 mL, 38.7 mmol) and 4,5-bis{diphenylphosphino}-9,9-
dimethvixanthene (1.7 g, 2.93 mmol). The reaction mixture was heated with carbon
monoxide (1atm) at 75°C overnight. The reaction mixture was cooled {o ambient
temperature and 2, 4-dimethoxybenzylamine (4.9 g, 29.3 mmol} added. The mixture

was stirred for 1 hour before partitioning between water (2L} and ethyl acetate (11},

L2

The aqueous phase was extracted twice more with ethyl acetate. The combined

—

organic phase was dried (MgSO,), filtered, and the solvent removed under reduced
pressure, The crude material was purified by silica chromatography (3% methanol in
dichloromethane) {o give (4R,4a8,7aR,12bS}-3-(cyclobutylimethyl}-N-(2,4~
dimethoxybenzyl}-4a-hvdroxy-7-0x0-2,3,4,42,5,6,7, 7a-octahydro- 1 H-4,12-

2¢  methanobenzofuro[3,2-¢lisoguinoline-9-carboxamide {14.4 g, 53% vield); LC/MS

(M+H)" = 533.3,

...4"7’ -
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4R 4a8 7a8 12568} -3-icvclobuivimethyi-da-bvdroxy-7T-ox0-2.3. 4,40, 5.8, 7. 7a-

3

aciabydro- L8 S mwthanobengofiral 32l ivoudnoline-Yoparbosamide

(=

A mixture of (4R, 4a8,7aR,12bS)}-3-(cvelobutylmethyl-N~{2 4~
dimethoxvbenzyl-da-hydroxy-7-0x0-2,3,4,48,5,6,7, Ta~-octahydro-1H-4,1 2-
methanobenzofuro] 3,2-¢lisoguinoline-9-carboxamide (14.4 g, 27.0 mmol} in
trifluoroacetic acid was stirred at ambient temperature for 2 hours. The trifluorcacetic

10 acid was removed under redoced pressure and the residue quenched with 300 mU of
ammoeninm hydroxide (6%). The product was exiracted twice into dichloromethane
{300 mL), the organic phascs combined and dried (MgSQ,). Filiration and removal of
the solvent under reduced pressure gave {4R,4a8,7aR,120b8}-3-{cvclobutylmethyl)-

4a-hydroxy-7-0x0-2,3,4,4a,5,6,7,7a-octahydro-1 H-4, 1 2-methanobenzofuro[3,2-

15 olisoquinoline-9-carboxantide (9.0 g, 87% yield); LC/MS (M+H)" = 383.2.
CERR BuS R 1 i -fowlobuybmathinliod Sa-difodrony oot 7.8 8¢ 9 40 ey abdrs-
SH-9 db-fepiminoethanciphenanthrene-3-carboxamide (Compound A}

28
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To a mixture of (4R,4a8,7aR, 12b38)-3-{cyclobutylmethyl}-4a-hydroxy-7-oxo-
2,3,4,43,5,6,7, Ta-octahydre-1H-4, 1 2-methanobenzofure]3, 2-elisoquincline-9-
carboxamide {4.5 g, 11.8 mmol), and zinc powder {29.0 g, 444 mmol) in acetic acid
{135 mL) was added cone. HCL{25.5 mL). The mixture was heated to 125°C for 2

5 hours. The reaction mixture was cooled to arabient temperature and quenched into
ice/ammoniim hydroxide solution (1 1, 28%). The product was extracted into
dichloromethane (11} and dried (MgSOy). Filiration and removal of the solvent under
reduced pressure gave the crude material which was purified by silica
chromatography (7.5% methanolammonia in DCM) followed by recrystallisation

10 from methanol io give (4bR,&a8,9R)-1 1 {cyclobutylmethyl}-4,8a-dihydroxy-6-oxo-
6,7,8,8a,9, 10-hexahydro-5H-9,4b-{epiminocthanophenanthrene-3-carboxamide (2.1
g, 46% yield); LC/MS (M+H) = 385.2.

(BR SaS OR-d Dtcvelobunimetionlia Sa-dibydrosy: Sie:8 7 8 8a. B O-hewdvdeo

15 SH-Q 4b-fepimincethanolphenanthrene-3-carboxamide hydrochioride

To a solotion of (4R, 8a8,9R)-1 1 -{cyclobutylmethyl}-4,8a-dihyvdroxy-6-oxo-

6,7,8,8a,9,10-hexahydro-5H-9,4b-{epiminoethano)phenanthrene-3-carboxamide (2.1 g,

20 5.46 mmol} in ethyl acetate (100 mL} was added 2N HCVether (6 mi, 12 mmol} and
the mixture stirred for 4 hours. The solvent was removed under reduced pressure and
dried {85°C) giving {(4bR,848,9R}-1 | {cyclobutylmethyl}-4, 8a-dihydroxy-6-0x0-
6,7,8,84,9, 1¢-hexahydro-SH-9,4b-(epiminoethanoc)phenanthrene-3-carboxamide
hydrochloride (2.25 g, 98% vield); LO/MS (M+H)Y = 385.2, 'H-NMR (400MHz,

25  DMSO) 3 8.98 {brs, IH)}, 845 (s, 1H}, 7.96 (s, 1H), 7.68 (d, 1H), 6.64 (d, 1H}, 6.33 {s,
LHD), 3.85 (4, 1H)}, 3.45 {br g, 1H), 3.2% (br 5, 3H + H;0), 3.15-2.91 {m, 2H), 2.74-2.60
{m, 3H}, 2.40-2.10 {m, ZH}, 2.12-1.55 (m, 10H).

-49.._
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A2, Bxperimental Procedure for Compound B and a Hydrochloride Salt Thereof

.
(F‘ ‘\\v Jf'
N
3
'!fmih \\ ; (i
o P

Chemical Formuia: CaoHaghoOy
Exact Mass; 386.22
Molecuiar Weight: 386.48

5 (SRR Q& SR L tovelobuplmetiinliAd S 8 ofivduan 6l 8 da g hesddndro:
SH-8 db-fepiminoethancphenanthirene-3-carboxamide (Compound D)

Ay
;NS
N
1 CH
=~
'\;\‘ !?:\'} ““““ < LY .!{,f'
SN T
O=x{  QH OH
NH,

Chemical Formula: CoaHagNoUy
Exact Mass: 386.22
Molecular Weight, 386.48

X A solution of formamidinesulfinic acid (1.12 g, 104 mmol, 400 eq ) m 0.5 M
agueous sodium hydroxide (20 ml) was added dropwise over 10 minutes to a stirred
solution of (4bR,8a8,9R)-11-{cvclobutylmethyl}-4,8a-dibydroxny-6-0x0-6,7,8,84,9,10-
hexahydro-5H-9,4b-{epiminoethano)} phenanthrene-3-carboxamide (1.00 g, 2.60

15 mmol, 1.00 eq.) in 0.5 N NaOH (30 mL) at ambient temperature under argon. The
mixture was heated to B0°C under argon for 12 hours and then cooled to room
temperature. The precipitated solid was collected by filtration and then washed with
water (2 x 10 mL) and diethyl ether (2 x 20 mL). The solid was recrystallised in
methanol and then dried at 50°C under vacuum for 3 hours to leave (4bR,6R,8a5,9R}-

26 b-{cvelobutylmethyl)-4,6,8a-trihydroxy-6,7,8,8a,9,10-hexahydro-5H-9,4b-

...50...
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{epiminoethano)phenanthrene-3-carboxamide as colourless crystals (400 mg, 40%

yield); LC/MS (MHE)' = 387.26,

(2R OR SaS IR Denylobuivimetinli-d 8 Se-ivibyvdeoxy-0 23 8a 8. hexadndre
5 JH-8 4b-fepiminvethanoiphenanthrene-3-carboxamide hydrochioride

jf\\.\
S
P \'\,\,”
N
.fi
!..",3\\ : QH HC!
PR AN
f(’ \\ \zl \\
W AN

Chemical Formula: CpoHaCiN,Gy
Exact Mass: 422.20
Molecular Waight: 422.95

to A solution of hvdrochloric acid (0.40 mb, 2.0 M in dicthyl ether) was added
dropwise over 5 minutes to a stirred solution of (4bR,6R,8a89R)-11-
{cyclobutylmethyl}-4,6,8a-trihydroxy-6,7,8,82,9,10-hexahydro-3H-9,4b-
{epiminoethanoc} phenanthrene-3-carboxamide (400 mg, 1.03 mmol, 1.00 eq.} in ethyl
acetate (4 mL) at ambient temperature under argon. The mixture was stirred at

15 ambient temperature under argon for 3 hours and then concentrated under reduced
pressure, The solid was dried at 50°C under vacuum for 1 hour, and then freeze dried
to leave (4bR,6R,8a8,9R)-1 1 -{cyclobutylmethyl}-4,6,8a-trihvdroxy-6,7,8,8a,9,10-
hexahydro-SH-9,4b-(epiminoethanophenanthrene-3-carboxamide hydrochloride as a
colourless solid (379 myg, 87%); LC/MS (M+H)" = 387.26. H NMR (300 MHz,

20 CDCI3, 614-181-1 1H-1.jd{y 14.43 (s, 13D}, 8.80 (br. s, 1H), 847 (5, 1H), 7.95 (s,
1), 7.69 (d, /= 8.3 Hz, 1H), 6.63 (d, /= 8.3 Hz, 1H), 5.69 (s, 1H}, 4.45 (5, L H},
3.31-3.08 (m, 6H), 3.00-2.81 {m, 2H), 2.70-2.57 (m, 1H), 2.40-2.23 {m, 1H}, 2.17-
1.91 (m, 3H), 1.90-1.70 (m, 4H}, 1.67-1.31 (m, 6H).

_..51_.
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&3, Experimental Procodre for Compound C and a Hvdrochlorids Salt Theref

Chemical Formula: CuoMagNaGy
Exact Mass: 388.22
Molecular Weight. 386.48

(R 68 8aS R Lfovclobutymethplid 0 Su-trdfvdron=6, 7. 88 9. -hexahdre-

SH-8 4b-{epimingethanclphenanthrene-3-carboxamide (Compound C)

5
Fa;
PN
{ ¥
N
1 om
LS
s Sy
i NOONS 5
B\ R " N
Ny S
f}; ..... ’.{ pS S
.. T
o={ DH  GH
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Chemical Formuia: CyoHagNyQy
Exact Mass: 386.22
Molecular Weight: 386.48

A solution of K-selectride (7.80 mL, 7.80 mmol, 3.00eq., 1.0Min

16 tetrahydrofuran) was added dropwise over 15 minutes to a stirred solution of
{(4bR,8aS,9R)-1 1-{cyciobutylmethyl)-4,8a-dihvdroxy-6-0x0-6,7,8,8a,9, 10~hexahydro-
5H-9,4h-{epiminoecthano) phenanthrene-3-carboxamide (1.00 g, 2.60 mmol, 1.00 eq.)
in tetrahydrofuran{50 mL) at 0°C under argon. The mixture was stirred at §0°C under
argon for 2 hours and then water (20 mL) and methanol (50 mL) were carefully added

15 dropwise over 15 minutes. The mixture was neuvtralised to pH 7 by addition of 2N
HCluq. The mixture was concenirated under reduced pressure and the solid residue
recrystallised in methanol. The solid was washed with methanol (4 ml) and diethyl
ether (2 x 10 mL), and then dried at 50°C under vacuum for 3 hours to leave

(4bR,68,8a8,9R)-1 1 -{cyclobutylmethyl}-4,6,8a-trihydroxy-6,7,8,82,9,10-hexahydro-
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$H-9,4b-{epiminoethanciphenanthrene-3-carboxamide as colourless crystals (750 mg,

7496); LO/MS (M+H) = 387.3.

(48R 68 8a 8 - Covelobundmstind A G Sinthudrony-0. T 8.8 B U hesahuten:

Chemical Formula: CooHsCINGy
Exact Mass: 42220
Molecular Weight: 422.95

A solution of hydrochloric acid (0,75 mL, 2.0 M in diethyl ether} was added

10 dropwise over § minutes to a stirred solution of {(4bR,65,8a8,9R)-11-
{cyclobutylmethyl}-4,6,8a-trihydroxy-6,7,8,82,9,10-hexahydro-5H-9,4b-
{epiminoethano) phenanthrene-3-carboxamide (750 mg, 1.94 mmol) i ethyl acetate
{10 mL) at ambient temperature under argon. The mixture was stirred at ambient
temperature under argon for 3 hours and then concentrated under reduced pressure.

15 The solid was triturated with diethyl ether (2 x 10 ml), dried at 50°C under vacuum
for 1 hour, then freeze dried io leave (4bR,685,8a8,9R -1 1 -{cyciobutylmethyl)-4,6,8a-
trihydroxy-6,7,8,84,9,10-hexahydro-5H-9,4b-{epiminoethano}phenanthrene-3-
carboxamide hydrochloride asa colourless solid (693 mg, 85% vield); LC/MS
(MHH)" = 387.3. TH NMR (300 MHz, DMSOY): 8 14.26 (s, 1H), §.82 (br. s, 1H), 8.36

20 (s, 1H), 7.79 (s, 1H), 7.60 (d, /= 8.3 Hz, 1H), 6.56 {d, J= 8.3 He, 1H), 5.63 {5, 1H]},
3.83 {5, 1H}, 3.63 (s, 1H}, 3.49-3.36 (m, 1H}, 3.28-3.08 {m, 4H), 2.97-2.80 {m, 2H},
2,72-2.58 (i, 1H}, 2.36-2.20 (m, 1H}, 2.14-1.70 {m, 9H), 1.68-1.49 (m, Z2H}, 1.38-
1.22 {m, 2H).

_53m
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Ad, Experimental Progedure for

2R 6R 1R -teri-butyl 8-hvdroxy-6.1 1 -dimethyvi-1. 2,3 6-tetrahydro-2.6-

methanobenzofdlazocine-3i4H -carboxyiate

A mixture of {~}-Normetazocine (5.0 g, 23.0 mmol}, di-tert-butyl dicarbonate
{7.53 g, 34.5 mumol}, and sodiom hydrogen carbonate {5.80 g, 69.0 mmol}, in
dichloromethane (170 ml), tetrahydrofuran (170 mL), methanol (85 L) and water
{500 mL) was stirred at ambient teraperature overnight, The organic phase was
separated and the aqueous phase washed twice with dichloromethane (300 mL). The
combined organic phases were dried (MgS8Qy). Filiration and removal of the solvent
under reduced pressure gave oil that was dissolved in industrial methylated spirits
(250 ml} and stirred with imidazole (3.0 g, 44.1 mumol} for 1 hour. The solvent was
removed under reduced pressure and the residue partitioned between dichloromethane
(250 mL} and 0.5N HCl,, (250 mL). The organic phase was washed with further
acid {250 mL), brine {100 mL), and dried (MgSOy). Filtration and removal of the
solvent under reduced pressure gave (2R,6R,1 1 R)-tert-butyl &-hydroxy-6,11-
dimethyl-1,2,5 6-tetrahydro-2,6-methanobenzo{dlazocine-3{4H}-carboxylate (3.9 g,

53% yield), LOMS(M+H) = 318.5.
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10

20

(28 6B 1 Bkteri-buiyl 6 1 1-dimethvi-8-{{Crifluoromethviisulfonvioxy)-1,.2. 5 6-

tetrabiydro-2, 6-methanobenzol dlazocine-3{4H -oarboxyiate

To a solution of (2R,6R, 1 1R )}-tert-butyl 8~hydroxy-6,11-dimethyl-1,2,5,6-
tetrahydro-2,6-methanobenzodlazocine-3(4H)-carboxylate (3.9 g, 12.3 mmol} and
triethylamine (3.1 mL, 36.9 mmol)} in dichloromethane (100 mL) was added N-
Phenyibis(irifluoromethanesuifonamide) (4.61 g, 12.9 mmol} and the mixture stirred
at ambient temperature for 4 hours. The solvent was concentrated under reduced
pressure and the residue partitioned between 2% hexane in ethyl acetate (500 mL)
and water (400 mL). The organic layer was washed four more timmes more with water
and dried (Mg8Q,). Filtration and removal of the solvent under reduced pressure gave
(2R,6R, 1 1R -tert-butyl 6,1 1-dimethyl-8-{({trifluoromethyDsulfonyioxy)-1,2,5,6-
tetrahydro-2,6-methancbenzo{dlazocine-3(4H}-carboxylate (5.32 g, 96% yield};
LO/MS (M+H) = 450.4.

R AR LI R ptestsbutel $0 Q2 Sedimethoxvbengylearbomonllo. L L dlimetinl L2360

tetrabvdro-2 G-methanobenzoldinzocine- 304 -carboxvigte
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14

20

To a solution of (ZR,6R,1 1 R)-tert-butyl 6,11 -dimethyl-8-
{{rifluoromethyDsulfonyhoxy)-1,2,5,6-tetrahydro-2 6-methanobenzof djazocine-
3{4H)-carboxylate (5.32 g, 1 1.8 mmol} in degassed dimethyl sulfone {50 ml), was
added N-hydroxysuccinimide {2.73 g, 23.7 mmol}, palladium acetate (265 mg, 1.18
mmal}, triethyiamine (3.3 mi, 23,7 mmol) and 4,5-bis{diphenylphosphing}-9,9-
dimethylxanthene (683 mg, 1.18 nunol). The reaction mixture was heated with
carbon monoxide {1atm} at 70°C overnight. The reacilion mixture was cooled o
ambient temperature and 2,4-dimethoxybenzylamine (2.17 mg, 13.0 mmol} added.
The mixture was stirred for 2 hours dilited with ethyl acetate (800 mb}, and filterad
through celite. The organic solution was washed twice with water {800 mL)}, brine
{300 mL), and dried (MgS(y). Filtration and removal of the solvent under reduced
pressure gave crude material that was purified by silica chromatography
{(EtOAc{1yheptanes(1}) to give (2R, 6R, 11 R)-tert-butyl 8-{{2.4-
dimethoxybenzylicarbamoyl}-6,1 1 -dimethyl-1,2,5,6-tetrahvdro-2,6-
methanobenzo]dlazocine-3(4H)-carboxylate (4.0 g, 68% yield); LC/MSOM+H) =
4953,

RRARTIR-NQ S odimethaxybonsel g bdimetind = 1, 3398 8-daraludre-2.6-

H S SN A ¢ e S L S MR SRR N Jp s
methanehenzoldiazogine-8-carboxamide hvdrochioride
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MV ERYR 4
Molecutar Weight: 430,97

A mixture of (2R, 6R, 1R tert-buiyl 8-{(2 4-dimethoxybenzylicarbamoyl)-

6,1 -dimethyi-1,2,5,6-tetrahydro-2, 6~-methanobenzo{dlazocine-3(4H)-carboxylate
{4.00 g, 8.0% mmol} in 4N HCVdioxane was stirred at ambient temperature overmight.

5 'The majority of the solvent was decanted and the residue washed with diethyl ether
{500 mL). The resulting solid was dried under reduced pressure giving R 6R1IR}-
N-(2,4-dimethoxybenzyi}-6,1 1-dimethyl-1,2,3,4,5, 6-hexahydro-2,6-
methanobenzo{dlazocine-8-carboxamide hydrochloride (3.35 g, 96% vield), LOMS
(M = 395.5,

10




WO 2014/190271 PCT/US2014/039361

A mixture of 2R,6R,1 1 R}N-{2, 4-dimethoxybenzyl}-6, 1 1 -dimethyl-

1,2,3,4,5,6-hexahydro-2,6-methanobenzo{djazocine-8-carboxamide hydrochloride
{400 mg, (.93 mmol), potassium carbonate (383 mg, 2.78 mmoi}, and bromocthyl
methyl ether (142 mg, 1.02 mmol} in acetonitrile (15 mL) was heated at 65°C

5 overnight, Further bromoethyl methyl sther was added (70 mg, 0.50 mmol) and the
reaction heated at 65°C for 24 hours. The reaction mixture was allowed to retum to
ambient iemperature before partitioning between ethy! acetate {100 mL} and water
{100 mL). The organic phase was dried {MgSQy4). Filtration and removal of the
solvent under reduced pressure gave (ZR,6R, 11 R}yN-{2,4-dimethoxybenzyi}-3-(2-

10 methoxvethyl)-6,11-dimethyl-1,2,3,4,5,6-hexshydro-2,6-methanobenzofdjazocine-§-

carboxarnide (360 mg, 86% vield); LOMS (M) =483.2,

(2R &R 11 RI-3-C2-methoxyeibvii-6 { I-dimethvi-1 2 3,45 6-hexabvdro-2, 6-

methanobenzoldlazocine-8-carboxamide

15

A mixture of 2R,6R,11R}-N-{2 4-dimethoxybenzyl}-3-(Z-methoxyothyl-
6,1 -dimethyl-1,2,3,4,5,6-hexahydro-2, 6-methanobenzofdlazocine-8-carboxamide
{360 mg, 0.80 mumol) in tnflucreacetic acid {5 mL) was stirved at ambient temperature
20 for 2 hours. The mixture was conceniraled under reduced pressure before guenching
with ice/ammonium hydroxide (28%) (25 mL). The erude product was extracted
twice using dichloromethane (100 mL) and the combined organic layers dried
(MgSQ4). Filtration and removal of the solvent under reduced pressure gave the

crude product that was purified by prep-HPLC giving (2R, 6R, 11R)}-3-(2-

2
W

methoxyethyl}-6,1 1-dimethyl-1,2,3,4,5,6-hexahydro-2,6-methanobenzo{djazocing-8-

carboxamide (130 mg, 54% yield); LOMS (M+H) = 303.2.
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(2R SR 1 IR-3-2-methoxvethvi)-8. 1 {-dimethyi-1. 2 3.4.5 6-hexabyvdra-2.6-

metharobenzoldiazucise-Scarkozamide hAvdrochioride {Com

Chemical Formilar CygHyCINGG,
fixact Mass: 33818
Motecular Weight: 33887

To a solution of (ZR,6R 1 1R)-3-(2-moethoxyethyl)-6, 11 -dimethyl-1,2,3,4,5,6-

hexahvdro-2,6-methanobenzoidjazocine-8-carboxamide (130 mg, 0.43 mmol} in ethyl

o

acetate (10 mL) was added 2N HCVether {320 L, 0.64 mmol) and the mixtore stirred
for 1.5 hours. The solvent was removed under reduced pressure then freeze dried
giving (2R,6R,1 1R}-3-(2-methoxyethyl}-6,1 1-dimethyl-1,2,3,4,5,6-hexahydro-2,6-
methanobenzo{dlarocine-8-carboxamide hydrochloride (131 mg, 90% yield), LO/MS

10 (MFHY =303.22 "H-NMR (300MHz, DMSO) 5 10.59-10.44 (br &, 1H), 7.96 (s, 11),
778 (s, 1H), 7.68 {d, 1H), 7.31 {d, 1H), 7.20 (d, 1H), 3.84-3.49 (m, 3H)}, 3.40.2.95
(6H + H(0), 2.43-2.20 (m, 2H), 2.16-1.97 {m, 2H), 1.54-1.23 (m, 2H), 0.87-0.66 (m,
3H).

AS. Experimental Procedure for:

[I
L]

{3b8 R Rf-hvdrexe-fonethoxyed Lame b8 S 2 L etrafvidro Jik Y 8

fupiminecthianoinbenandfoan 6 Hone (4) and (DR SR -t L migtinds

20 67888 10-hexahvdra-SHAR dhtepindnoaifand ivhenantivaordal 8




WO 2014/190271 PCT/US2014/039361

To a mixture of hydrocodone (2 x 22 g {2 batches), 147 mmol} and zine

(¥

powder {2 x 115 g, 3.46 mol} in geetic acid (2 x 1 L} was added cone. HCH{Z x 80
mL). The reaction was heated at 125°C for 3 hours. Both reactions were combined
and filiered. The zine wash washed with indusirial methylated spirits (1 L), and
dichloromethane {1 L). Both organic washes and the acetic acid soluiion were
concentrated under reduced pressure and the residue basified with ice/ammonium

(¢ hydroxide {28%). The crude product was extracted into dichioromethane and dried
{(MgS(Q,). Filtration and removal of the solvent under reduced pressure gave the
crude products that were purified by silica chromatography (3% methanol/ammonia in
dichioromethane) giving three batches of varying purity (2.4 g, (B); 20.5 g, 50% (A},
S0% (B); 12.5 g, 65% (A), 10% (B)); LO/MS (M+H) = 302.1 (A); LO/MS M+ =
288.2 (B).

o
(i

(SAE IR Funathosy-d Dometiplfoomd 7.8.80 9.8 GhexalvdroJH.9 8h:

methoxy-d Lmethek 8 7 Sfe Ll Uhexabvdre- SHS th-epinduagtbane iphanaritrge

20 v wifluoromethanesulfonate {13}

..‘60...
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To a sclulion containing & {1:1) mixture of (4bS R }-4-hydroxy-3-methoxy-
1 1-methyi-8,8a,9,10-tetrahydro-5H-9,4b-(epimincethanciphenanthren-6(7H}-one {A)
and {4bR,9R}-3-methoxy-11-methvl-6,7,8,8a,9,1 0-hexahydro-5-9,4b-
{epiminocthano jphenanthren-4-ol (B) (20.5 g, 69.4 mmol) in tetrabydrofuran at °C
5 under an argon atmosphere was added sodium hydride (4.18 g, 60% in mineral oil,
104.5 mmol), After 30 minutes N-Phenylbis{irifluoromethanesulfonamide) (37.3 g,
1034.4 mmol) was added and the mixtore allowed to slowly return to ambient
temperature. The reaction was quenched with saturated agueous sodium bicarbonate
solution (500 mL} and extracted into ethyl acetate (1 L). The organic phase was
10 washed with brine and dried {(MgS804). Filtration and removal of the solvent under
reduced pressure gave the crude product that was purified by silica chromatography
{2.5% methanol/ammonia in dichloromethane} giving two batches of varying purity
(11.0 g (B); 15.1 g, 62% (O, 33% {B); LO/MS (M+H)' = 434.1 (Cy; LC/MS
(M+H)' =420.1 (D).

15
(4B R SR - 3-methoxy-{ fomethyi-6. 7.8 8, 8.1 G-hexahvdro-SH-8 &h-
{epiminoethaneinbenanihrene

20 A mixture of (4bR,OR)}-3-methoxy-11-methyl-6,7,8,8a,9, 1 -hexahydro-SH-

9,4b-{epiminoethanophenanthren-4-yl trifluoromethanesulfonate (B (11.0 g, 26.2
mmol}, palladium acetate (590 mg, 2.63 mmol}, {,3-bis{diphenylphosphino}propane
{1.08 g, 2.61 mmol} and trigthyisilane {10.0 mL, 62.6 mimo}} in dimethylformamide
{degassed)} was heated at 60°C overnight under an argon atmosphere. The reaction
25 mixture was cooled to ambient temperature and partitioned between ethyl acetate (1
L) and water (1 L). The organic phase was washed twice more with water (2 x 500

ml). The combined agueous phases were extracied using dichloromethane (2 1.
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total). The organic phase containing dichloromethane and dimethy! formamide was
concentrated under reduced pressure and the crude product purified by silica
chromatography {3% methanol/amimonia in dichloromethane).

The same procedure was carried out with the 15.1 g bateh (62% (T}, 33%

{B3)). The material was purified as described above to give (4bR,9R)-3-methoxy-11-

(¥4

methyl-6,7,8,83,9,10-hexahydro-3H-9,4b-{epiminoethano)phenanthrene (8.6 g);
LOMS (M+H) = 272.0.

PHERIR N Fanethox i 6.7 8 8a R 0 e lvdeo S0 b-tepiminostieninhenanthreng

To a solution of (4bR,9R)-3-methoxy-11-methyl-6,7,8,8a,9,1 0-hexahydro-SH-
9,4b-{epiminoethanophenanthrene (5.0 g, 18.44 mmol) in dichloromethane (400 mL)
15 was added g solution of CNBr (17 mL, 51 mmol, 3N in dichloromethane} under an
argon atmosphere. The mixture was heated at reflux overnight. The solvent was
removed under reduced pressure and to the residue was added disthyleneglycol {100
mL) and KOH (16.6 g, 296 mmol}. The reaction mixture was heated at 160°C for 2
hours, allowed to refurn to ambient temperature, then partitioned between
20 dichloromethane (600 mL} and water {1 L), The agquecus phase was washed {wice
more with dichloromethane and the combined organic fractions dried (MgSQGy).
Filtration and removal of the solvent under reduced pressure gave the crude product
that was purified by silica chromatography {10% methanolammonia in DCM) giving
{4bR,9R}-3-methoxy-6,7,8,8a,9,1 O-hexahydro-SH-9,4b-(epiminoethano)phenanthrene
{4.02 g, 85% vield); LC/MS (M+H)Y = 258.5.

]
L7
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(ERIRIE o Levelopropylethyl)-3-methoxy-6,5.8 8.9 1 (-hexahvdro-SH-9,48-

{epimincethanoiphenanifirene

AN
~~~~~~~~~ 4 Msrranny,
A b s N
&N \ h)
S R
kS & \ £
\c\ § X, &
A
Wl

A mixture of (4bR 9R}-3-methoxy-6,7,8,83,9,10-hexahydro-5H-9,4b-
{epiminoethano)phenanthrene (1.41 g}, methyleyelopropyl ketone {17 mi, 172
mmol}, and acetic acid were heated at 70°C for 1 howr, Sodium cyanoborchydride
was added {830 mg, 13.2 mmol) and the mixture heated at 70°C overnight. The

10 reaction mixture was portioned between ethyl acetate (500 mL) and saturaied sodium
bicarbonate (500 mi). The organic phase was washed with brine and dried (MgSOy).
Filtration and removal of the solvent under reduced pressure gave the crude product
that was purified by silica chromatography (2% methanol/ammonia in
dichloromethane) giving (4bR,9R}-11-(1-cvelopropylethyli-3-methoxy-6,7,.8,83,9,10-

15 hexahydro-SH-9,4b-{epiminoethanoiphenanthrene (0.75 g, 42% yield);, LC/MS
M+ = 326.1.

(4hR SR I-{I-cyclopropvleihyvil-6,7.8 8a 8 -bexahvdro-SH-8 4h-

{epiminoethanolphenanthren-3-0f

20
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To an ice cooled solution of (4bR,9R}-1 1-{1-cvclopropylethyi}-3-methoxy-
6,7,8,8a,9,10-hexahydro-SH-8,4b-{epiminosthanojphenanthrene (0.75 g, 2.31 mmol)
in dichloromethane {50 mL) was added BBry (0.9 mL, 9.23 mumol} dropwise under an
argon atmosphere, The reaction was stirred for 3 hours then quenched with
ammonia/methanol. The solvent was removed under reduced pressure giving
{4bR,9R}-1 1-{1-cyclopropylethyl}-6,7,8,8a,9,10-hexahydro-5H-9,4b-
{epiminoethano)phenanthren-3-o1 (0.75 g, 100% vield); LO/MS (M+H)Y' = 312.1.

(4bR $R 1 I-{I-cvelopropylethvi)-8,7 8 80,8, ] O-hexalvdrg-3H-9 45-

fepiminoethanc lphenanthren-3-v irifuoromethanesulfonaie

To a solution of (4bR,IR)-11-{1-cyclopropylethyl}-6,7,8,8a,9, 1 (-hexahydro-
3H-9,4b-{epiminoethanciphenanthren-3-0f (0.75 g, 2.41 mmel) and wiethylamine (1.0
mlL, 7.23 mmol} in dichloromethane (50 ml.) was added N-
Phenylbis{trifluoromethanesuifonamide) (0.95 g, 2.65 ramol) and the mixture stirred
at room temperature overnight. The solvent was concentrated under reduced pressure
and the residue partitioned between 20% hexane in ethyl acetate {300 mL) and water
{150 mL}. The organic layer was washed four more times more with water and dried
{(MgSQOy). Filiration and removal of the solvent under reduced pressure gave
{4bR,9R -1 1-{1-cyclopropylethyl}-6,7,8,82,9,10-hexahydro-5H-9,4b-
{epiminoethanc)phenanthren-3-yl triflucromethanesulfonate (0.78 g, 73% yield);

LO/MS (MHH) = 444.1.

_64_
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AR R L L(Leeycdopromdatbeli N2 d-diomthoxybensyli6, 7.8, 8¢9 L Jexedudro.

SH-S db-fepiminoethanclphenanthrene-3-carboxamide

To a solution of (4bR,OR)-11-(I-cyclopropylethyl}-6,7,8,88,9,10-hexahydro-
SH-9,4b-{epiminoethans)phenanthren-3-yl irifluoromethanesuifonate (0.78 g, 1.76
mmol} in degassed dimethyl sulfoxide {15 mL}, was added N-hydroxysuccinimide
{405 mg, 3.52 mmol}, palladivm acetate {79 mg, 4.352 nunol), ricthylamine (490 pi,
3.52 mmol) and 4,5-bis{diphenylphosphine)-9, 9-dimethylxanthene (203 g, 0.352
mmol). The reaction mixture was heated with carbon monoxide {(Tatm) ai 75°C
overnight. The reaction mixture was cooled to ambient temperature and 2,4~
dimethoxybeneylamine {294 mg, 1.76 mmol) added. The mixture was stirred for |
hour before partitioning between water (300 mL} and ethyl acetate (400 mL}, The
aqueous phase was exiracted twice more with ethyl acetate. The combined organic
phase was dried (MgSOy), filtered, and the solvent removed under reduced pressure.
The crude material was purified by silica chromatography (3% methanol m
dichioromethane) to give (4bR,OR}-11-(I-cyclopropylethyD-N-{2, 4~
dimethoxybenzyl}-6,7,8,82,9,10-hexahydro-SH-8,4b-(epimincethanophenanthrene-3-
carboxamide (1.0 g, contains impurities — used directly in next step); LO/MS (M+H)Y"

= 489.1.

(4bR OR -1 I-{1R)-I-cvciopropyiethvi)-6. 7.8 8a. 9, L O-hexahydro-5 -9 46~

{epiminoethanojphenanthrene-3-carboxamide

_..65...
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A mixture of (4bR,9R)-11-(1-cyelopropylethyl}-N-(2 4-dimethoxybenzyl)-

un

6,7,8,82,9,10-hexahydro-SH-9 4b-{epiminoethano)phenanthrene-3-carboxamide (1.0

g, 2.08 mmol) in trifluorcacetic acid (30 mL} was stirred at room temperature for 2

bours, The mixture was concentrated under reduced pressure before quenching with

ice/ammonium hydroxide (28%) {50 mL), The crude product was extracted twice

using dichloromethane (200 mL} and the combined organic layers dried (MgSG4).

i0 Filtration and removal of the solvent under reduced pressure gave the crude product
that was purified and separated from the (S)-diastereomer using prep-HPLC giving
(4bR,OR)-11-({R)-1 -cvclopropylethyl}-6,7,8,84,9,10-hexahydro-51-9,4b-
{epiminoethanojphenanthrene-3-carboxamide (64 mg, 10% vieldy, LO/MS (MAH) =
334.3,

15

(SRR ORI R Loevcdnpropylethpl -0, 78,80, 8, 10-hexalydra:-JH- B 35

...66...
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To a solution of (4bR,9R)-11-{(R)-1-cyclopropylethy!}-6,7,8,8a,9,10-
hexahydro-5T1-9,4b-(epiminoethanojphenanthrene-3-carboxamide (64 mg, .19
munol} in ethyl acetate (15 mL) was added 2N HCVether (140 pL., 0.28 munol} and the
mixtore stirred for 30 minutes. The solvent was removed under reduced pressure then

5 freeze dried giving {(4bR,9R}-11-{(R}-1-cyclopropylethyl)-6,7,8,8a,9, 18-hexahydro-
5H-9,4b-{epimincethano)phenanthvene-3-carboxamide hydrochloride (71 mg, 100%
vield); LO/MS (M+H)' = 339.3, "H-NMR (400MHz, DMSO) 8 10.41 (br s, 1H), 7.95
(s, 1H), 7.81 (s, 1H), 7.68 (d, 1H), 7.30 (s, 1H), 7.22 (4, 1H), 4.18 (s, 1H}, 3.57-3.03
{m, 3H+ H(0), 2.95 (4, 1H), 2.55 (4, 1), 2.37-2.16 (1, 2H}, 2.08-1.87 {m, 1H]},

10 2.68-0.51 {m, 15H}, 6.20 (s, 1H).

A6, Experimental Procedure for Compauntd B and a Hydrochloride Sali Thereof

Svnthesis of (4R 4aR 7aR. 12bS)-3-{cvelobuivimethyv-1.2.3.4.42.5.6,7a-

octahydroapirel S 2 nathanobenzoiure 2, - soguinaling 7.2 L3 dioxolane -9+

-
n

carbonitrile

To a solution of cyclobutane carboxaldehyde (19.45 g, 231.2 mmol} in
dichloromethane (300 ml.) was added{4R,4aR,7aR,12b8}%1,2,3,4,42,5,6,7a-

20 octahydrospirof4, 1 2-methanobenzofuro[3,2-elisoquinoline-7,2"-[1,3]dioxolane}-9-
carbonitrile (25 g, 77.1 mmol}. The reaction was stirred for 60 minutes at room
temperature before sodium triacetoxyborohydride (32.7 g, 154.0 mmol} was added
portionwise over 20 minutes. Afier one hour, the reaction was quenched with
NaHCO, solution and extracied with dichloromethane (x3). The dichloromethane

25 phases were combined, washed with brine, dried over MgSO, and concentrated under
reduced pressure. The residue was purified by silica chromatography eluted with
dichloromethane o 7% methano! in dichloromethane to give (4R, 4aR,7aR,12b8}-3-
{cyclobutylmethyl)-1,2,3,4,48,5,6,7a-octahydrospirol4, 1 2-methanobenzofuro[3,2-
elisoquinoline-7,2'-{1,31dioxolane}-9-carbonitrile (31,1 g, 98% pure LCMS, assume

30 quant); [M+H] 3931
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Synthesiz of GRAaR, 7Tl 1208 3 pvelobuty lmethe D -0x0-23 00 3,67, 78

.............................................................

5 A suspension of {4R,4aR,7aR,12b8)-3(cyclobutyimethvl)-1,2,3,4,4a,5,6,7a-~
octahydrospiro{4,12-methanchenzofurol3,2-elisoquinoline-7,2'-[ 1,31dioxolane]-9-
carbonitrile (31.1 g, 79.2 mmol} in 6M HCH (ag) (250 mL} was stirred at room
terperature at room temperature for 24 hours. Further 6M HCl was added (25 mL}
and stirred for an additional 24 hours, The reaction was poured onto ice/NHagg and

10 stirred for 30 minutes and the solid collected by suction filtration and washed with
water. The solid was dissolved in dichloromethane and washed with brine, dried over
MgS0, and concentrated under reduced pressure 1o give (4R, 4aR 7aR,12h8)-3-
{cyclobutylmethyl}-7-0x0-2,3,4,48,5,6,7, 7a-octahydro-1H-4,12-
methanobenzofiref3,2-elisoquinolineg-3-carbonitrile (26.1 g, 96% pure LCMS, 85%

15 yield) [M+HT 367.2.

Svynthesis of (4R 4aR 7aR 12b8)-3-{cvciobutvimethyD-7-0%0-2.3.4.43.5.6.7 . 7a~

octahvdro-1H-4, 1 2-methanobenzofurol 3, 2-elisoguinoline-9-carboxamide

20 To a sohution of (4R, 48R, 7aR, 12bS)-3-{cyclobutylmethyh-7-0x0-
2.3,4,43,5,6,7, 7a-octahydro-1 H-4,12-methanobenzofuro] 3,2 -¢]isoguinoline-9-
carbonitrile (24 g, 68.9 mmol) in tert-butancl {240 mL} was added KOH (2.1 ¢, 37.1
mmol), The reaction was heated to 100 °C for 15 minutes. The reaction was allowed
io cool to room temperature and concentrated to 50% volume. Diluted with water and

25  extracited with ethyl acetate twice. The organic phases were combined, washed with

sodium hydrogen carbonate solution and brine and dried over MgSQO, and

_.68.-.
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concentrated under reduced pressure. The residue was purified by silica
chromatography eluted with 4% methanol in dichloromethane to give to give
{4R,4aR, 73R, 12b8}-3-{cyclobutylmethyl}-7-0x0-2,3,4,42,5,6,7, Ta~-octshydro-1H-
4,12-methanobenzofuro]3,2-clisoquinoline-9-carboxamide (14.2 g, 89% pure LOMS,

56% yield); [M-+H]' 367.2.

Synthesis of {4hSRal R Iy hbavimetine D -doediox vfrone-6.7.8.80.8. 10

hexshvdro-3H:94h-{epininocthano phesanthreng-carhoganude (Compound 1)

To a solution of (4R,4aR,7aR,12bS}-3-(cyclobutylmethyl}-7-oxo-
2,3,4,4a,3,6,7, 7a-octahydro-1H-4,1 2-methanobenzofuro{ 3,2 -elisoquinoline-9-
carboxamide {14.2 g, 38.75 numol} in ethanol (800 mL) was added ammoniom
chioride (31.1 g, 581 mmeol) followed by zinc powder (25.3 g, 388 mmol}. The
reaction was heated to reflux for 2.5 hours, The reaction was cooled to ~ 50 °C and
filtered through a pad of celite. The celite was washed with ethanol/methanol. The
filtrate was concentrated under reduced pressure. The residue was partitioned between
dichloromethane and NHjuq/H; O (1:1) and the aqueous phase re-exiracted with
dichloromethane. The combined dichloromethane phase was washed with brine, dried
over MgS80, and concentrated. The crude product was purified by silica
chromatography and eluted with 3.5% NHs/methanol in dichloromethane to give
{4b8,8aR 9R -1 {-{cyclobutylmethyl}-4-hydroxy-6-0x0-6,7,8,8a,9, 1 0-hexahydro-SH-
9,4b-{epiminoethano)phenanthrene-3-carboxamide (9.7 g, 98.5% pure LCMS, 68%
vield); [M+H] 369.2.

Synthesic ol (A8 S8 Ral OB Ll oveiohutvimethy b4 eedibydroge-0.7 8 8a 2. W

hesahydieSH-R dh-{opiminosthanaiphenanbrene-Joarboxamide hydrohloride

_69...

PCT/US2014/039361
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1M K-selectride in tetrahydroturan (49,9 ml) was added to a solution of
{4b5,8aR IR -1 I -{cyclobuiylmethyl-4-hydroxy-6-0x0-6,7,8.8a,9,10-hexahydro-SH-
9.4b-{epiminocthano)phenanthrene-3-carboxamide (9.2 g, 25.0 mmol} in
5 tetrshydrofuran {150 mL) cooled in an ice bath. After 30 minutes a saturated solution

of ammonium chloride was added and the reaction mixiure extracted with ethyl
acetate (x 3. The combined organic phase was washed with sodium hydrogen
carbonate solution and brine, dried over MgS8Q, and concentrated. The residue was
taken up in 2M HCl aq and washed with ethyl acetate. The agueous phase was

10 basified with 2 M NaCOH to pH 7 then sodium hydrogen carbonate solution was
added. The aqueous solution was extracted with dichloromethane (x 3} dried over
Mg8Q,, concentrated, and purified via prep HPLC (30-50 % acetonifrile in 0.1 %
NHHCG; pHI0 buffer) to give (4bS,8aR,9R}-1 1 {cyclobutylmethyl}-4-hydroxy-6-
ox0-6,7,8,84,9,10-hexahydro-5H-9,4b-(epiminoethano)phenanthrene-3-carboxamide

15 {4.7 g, 99.76% pure LCMS, 51% yield); [M+H] 371.19.

To a solution of (4b8,8aR,9R)-11-(cyclobutvimethyl}-4-hydroxy-6-ox0-

6,7,8,8a,9,10-hexahydro-SH-9,4b-(epiminoethanophenanthrene-3-carboxamide (4.6
g, 12.4 mmol) in ethyl acetate (30 mL) and dichloromethane (30 ml) was added 2M
HCl in diethyl ether (7.45 w1, 14.9 mmol). After 2 hours, the liguors were removed

20 under reduced pressure and the residue suspended in diethyl ether, collected by
suction filiration and washed with diethyl ether. The solid was dissolved i 9:1 water /
methanol and freeze dried fo give{4bS,68,8aR 9R)-11-(cyclobutylmethyl}-4,6-
dihydroxy-6,7,8,8a,9,1(-hexahydro-5H-9,4b-(epiminoethans )phenanthrene-3-
carboxamide hydrochloride (4.7 g, 99.819% pure LCMS, 93% yield); [M+H]" 371.19.

25 'H NMR (300MIz, 1,0) 7.37 (1H, ), 6.62 (1H, d), 3.99 (1H, br 5}, 3.66 {1H, br d),
3.5 (1H, brs), 2.91 - 327 (5H, m), 2.44 - 2.62 (2, m), 1.23 - 2.05 (14H, m).



WO 2014/190271 PCT/US2014/039361

A7, Beperimental Peovedure for Compeund B sad a Hydrochloride Salt Thereof

Svnthesis of (4b5.8aR OR-1 1 -{cvelopropylmethvl)-5,7,8.82.9.10-

hexshydrspiro] Y db-(epiminogthanolphenanthrone-6,2-{1 ddioxolang]-3:

§  carbonitrile

,wq}m{fH s
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To a solution of (4bS,8aR,9R}-5,7,8,84,9,1 0-hexshydrospiro]9,4b-

{epiminoethanojphenanthrene-6,2-{1,3]dioxolang}-3-carbonitrile (3.58 g, 11.5 mmol)
in dichloromethane {115 mL) was added cyclopropylearboxaldehyde (2.55mi, 34.6

16 mmol). The reaction was stirred for 60 minutes at room temperature before sodium
triacetoxyborchydride (4.90 g, 23.1 mmol} was added portionwise. Atter one hour,
the reaction was quenched with agueous NaHCO; solution and exiracted with
dichloromethane (x3). The dichloromethane phases were combined, washed with
bring, dried over MgS(, and concentrated under reduced pressure. The residue was

15 purified by silica chromatography eluted with dichloromethane to 5% methanol in
dichioromethane to give (4b3,8aR,9R}-11-{cyclopropylmethyl}-5,7,8,8a,9,10-
hexahydrospire[%,4b-{cpiminocthano)phenanthrene-6,2'- 1,31dioxolane]-3-
carbouitrile (3.59 g, 98.5% pure LOMS, 86% yield); [M+H]" 365.2.

20 Synthesis of (4bS,8aR.OR )11 -{cyclopropyimethyi)-5.7.8.84,8,.10-

hexahivdrospivol® dh-(epininvethane phenanthrene- 6 24 L 3 dioxolaned3:

carboxamide
o N - \\"\““}:
;.} \};\h r \>
‘:;"‘ \ A
Q::Tﬁ{\ O x_‘,
NH, hd

To a solution of {(4b5,8aR, 2R }-1 1 -{cvelopropylmethyl}-5,7.8,84,9,10-
25  hexahydrospiro{9,4b-{epiminocthanciphenanthrene-6,2'-{1,3 Jdioxolane]-3-

carbonitrile (3.95 g, 9.9 mmol} in dimethylsulfoxide {40 mL} was added potassium
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carbonate (4.09 g, 29.6 mmol). The reaction was cooled to 15 °C and hydrogen
peroxide (12 mL, 35% aqueous solution) added dropwise maintaining the temperature
between 15 and 20 °C. After addition was complele, the reaction was allowed to
warm {0 room temperature. The reaction was cooled to 0 °C, quenched with water and
$  extracted with ethyl acetate. The reaction was basified with sodivm hydrogen

carbonate solution to pH 10 and extracted with ethyl acetate (x3). The organics were
combined, washed with water (x3), brine, dried over Mg80, and concentrated under
reduced pressure. The product was purified by silica chromatography eluted with a
gradient from 100% dichloromethane to 10% NHsy/methanol in dichloromethane to

1 give (4b8,8aR 9R)-1 I -{cyclopropylmethyl})-5,7,.8,8a,9, 1(-hexahydrospiro{ 9,4b-
{cpimincethanoiphenanthrene-6,2'-[ 1,3]dioxolane}-3-carboxamide {2.76 g, 98.3%

pure LCMS, 73% vield); [M+H] 383.2,

Syrithesis of (4h8 8l SR-Lievelopropyimethy 00500, 7 R 808 shesahydins

15 SHAGAbh-{spiminssianoinheniithrene-Sesivhosamide edrachionide
HCI

To (4b8,8aR,9R)-1 1-{cyelopropylmethyl}-3,7,8,82,9,10-hexahydrospiro[9,4b-
{epiminoethanophenanthrene-~6,2"-{1,3}dioxolane]-3-carboxamide (2.76 g, 7.2 mmol)
was added 6M HCI (ag) (60 mL) with cooling. After an hour the reaction was poured

20 onto ice/NHs,g and extracted with dichloromethane (x3). The dichloromethane
phases were combined, washed with brine, dried over MgSQO, and concentrated under
reduced pressure. The residue was purtfied by silica chromatography eluled with
100% dichloromethane to 10% NH3/methano! in dichloromethane to give Compound
B: (4bS,8aR 9R)-11-{cyclopropyimethyl}-6-0x0-6,7,8,84,9,10-hexahydro-SH-9,4b-

25 {epiminoethano)phenanthrene-3-carboxamide {2.41 g, 97.5% pure LCMS, 96%
yieid).

To {4b5,8aR,9R)-1 1 (cyclopropyimethyl}-6-0x0-6,7,8,85,9,1 0-hexahydro-SH-
9, 4b-{epiminoethano)phenanthrenc-3-carboxamide (2.39 g, 7.1 munol) in ethyl acetate

{60 mL} was added 2M HCl in dicthyl ether (3.87 mL, 7.8 mmol). The product

.._‘72...
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precipitated from solution and was collected by filtiration. The solid was washed with
ethyl acetate and diethyl ether before drying under vacuum. The product was
dissolved in water and freeze dried to give (4b8,8aR,9R}-11-{cyclopropylmethyi}-6-
oxo-6,7,8,8a,9,10-hexahydro-5H-9 4b-{epiminoethanc)phenanthrene-3~carboxamide

5 hydrochloride (2.62 g, 99.9% LCMS, 99% vield); IM+HI" 339.3, 'H NMR (300MHz,
DY 7600, ), 743 (IH, &, 717 (1H, 4}, 4.07 (0.8H, 4}, 3.97 (0.2H, ), 2.34 -
3.44 (10H, m), 1.74 - 2.18 (3H, m), 1.60 (0.8H, d), 1.44 (0.2H, d), 1.27 (1H, dg), 6.96
{1H, m}, 0.59 (2H, d), 0.25 (2H, m).

10 AS. Paperimental Procedure for;

Symthesis of (908 BRI  -{isvelobaivhnethy 3.7, 8,859 L 0oy drospine] 9 44t

‘epiminosthanophenanthrene-6.2'-[1 3idioxolanel-3-carboniirile

15 To a solution of eyelobutylmethanol (3.70 g, 42.9 mmol) in dichloromethane
(100mL) was added silica (25 g}, followed by pyridinium chlorochromate (18.52 g,
85.9 mmol). The reaction mixture was stirred for 2 h and filtered through a plug of
silica eluting with dichloromethane (300 mL). The resulting solution was
concentrated to about 75 mi. and {4bS,8aR,9R}-5,7,8,84,8,10-hexahydrospiro{9,4b-

20 {epiminocthano)phenanthrene-6,2-{1,3]dioxolane}-3-carbonitrile (.40 g, .13 mmol)
added, followed by sodium triacetoxyborohydride (0.71 g, 0.34 mmol}. The reaction
mixhire was stirred for 2 b, washed with agueous sat, NaHCGO, (100 mL} and dried
over MgSQs. After filtration and evaporation the residue was further purified by silica
column chromatography eluting with 5-10% methanol/dichloromethane to give the

25 desired product {(4bS,8aR,9R)-11~{cyclobutylmethyl}-5,7,8,82,9,10-
hexahvdrospiro]9,4b~(epiminoethano)phenanthrene-6,2'-[1,3]dioxolane]-3-
carbonitrile as a yellow 0il (0.48 g, 56% pure LCMS); [M+H}' 379.3. This was used

m the next reaction without further purification.

30 Byuthesis ol (A0S BaR AR B L - eyelobutvlmethvld-8 7 & 8a 8 b hexahydrmspirol 9.4b-

{epiminocthano)phenanthrene-6,2-[1,31dioxolanel-3-carboxamide

<
i
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To (4b§,8aR,9R)-1 1 -{cyclobutyimethyl}-5,7,8,8a,9, 1 O-hexahydrospirof9,4b-
{epiminoethanophenanthrene-6,2'-[1,3]dioxolane]-3-carbonitrile (0.48 g, 1.3 mmoi}
n dimethylsuifoxide (12 mL} was added potassium carbonate {0.53 g, 3.8 sunol}. The
$  reaction was cooled to 15 °C and hydrogen peroxide (2.0 mL, 35% aqueous solution)
added dropwise maintaining the temperature between 15 and 20 °C. After addition
was complete, the reaction was allowed to warm to room temperature. The reaction
wias cooled to 0 °C, quenched with water and extracted with ethyl acetate. The
reaction was basified with sodium hydrogen carbonate solution and extracted with
10 ethyl acetate (x3). The organics were combined, washed with water (x3), brine, dried
over MgS0, and concentrated under reduced pressure. The product was purified by
silica chromatography eluted with a gradient from 10% methanol in dichloromethane
to 5% KNHi/methano! in dichloromethane to give (4b5,8aR,9R)-11-
(cyclobutyimethvi)-3,7,8,8a,9, 1 -hexahydrospiro]9,4b-(epiminoethano}phenanthrene-
15 6,2-[1,3ldioxolane]-3-carboxamide {0.27 g, 94% pure LCMS, 54% yield over two
steps); [M+H] 397.3.

Synthesis of (4b8 RaR AR kL {eyrlohulvimatipd 0ox0-6. 7.8 8.9, ) O-hiexahoedros

S11-2.4b-{cpiminocthanmiphenanthrne-3-carboxamide hydroghloride
HCI

20
To (4bS,8aR,9R)-1 I -{cyclobutyimethyl}-5,7,8,84,9, 1 0-hexahydrospiro[9,4b-

{epiminoethanocphenanthrene-6,2-[1,3]dioxolane]-3-carboxamide {274 mg, 0.69
mmol) was added 6M HCI (aq} {12 mL). The reaction was stirred for 24 hours until
complete, The reaction was poured onto ice/NHag and extracied with

25 dichloromethane (x3). The dichioromethanc phases were combined, washed with

“74...



WO 2014/190271

13

28

brine, dried over MgS(,4 and concentrated under reduced pressure. The residue was
purified by silica chromatography eluted with 5-10% NHy/methanol in
dichloromethane to give (4b85,8aR,9R )1 1-{cyclobutylmethyl}-6-0x0-6,7,8,82,9,10-
hexahydro-5H-9,4b-(epiminoethanocjphenanthrene-3-carboxamide (225 mg, 99.2%
pure LCMS, 93% vicld).

To (4bS,8aR,9R)-1 1 -{cvclobutylmethyl}-6-0x0-6,7 8, 83,9, 10-hexahydro-5H-
9,4b-{epiminocthanc)phenanthrene-3-carboxamide (225 mg, 0.64 mmol) in ethy!
acetate (10 mL) was added 2M HCl in disthyl ether (0.35 mi, 6.70 mmol}. The
product precipitated from sohution and the liguors were concenirated under vacuum.
The solid was triturated with diethyl ether before drying under vacuum. The product
was dissolved in water and freeze dried to give (4b8,8aR 9K }-1 1 -{cvclobutylmethvl)-
6-0%0-6,7,8,82,9,10-hexahvdro-5H-9,4b-{epiminocthano)phenanthrene-3-
carboxamide hvdrochlioride {237 mg, 99.3% LCMS, 89% yield); [M-+H]" 353.2, "H
NMR (300MHz, 3,0} 7.69 (1H, 5), 7.59 (11, dd), 7.29(1H, d}, 3.84 {1H, 5}, 2.48 -
355 (311H, m), L.31 =231 (0 1H, m).

A9, Experimental Procedure for:

Synthesisof {'féiﬁ‘fi,{iStSaRJEs‘R}~ 1 Ievehobutvinmatindthdroge- S 0 8a B0

Hesdhydio-3H-9.4b-(opininosibansmphenantdnisne-3-carbosanude hydvachlonds
M

To g solution of (4bS,8aR,9R)-1 L -{cyclobutylmethyl)-6-0x0-6,7,8,84,9,10-
hexahydro~-5H-9,4b-{epiminocthano)phenanthrene-3-carboxamide {84 mg, 0.24
mmol) in methano! (4 ml.} was added sodium borohydride (18 mg, .48 mmol} at
room temperature. The reaction was stirred for an hour before quenching with
ammaonium chioride solution. The agueous phase was basified with 2M NaGH
solution and extracted with dichloromethane (x4). The dichloromethane phases were
combined, washed with brine, dried over MgSQ, and concentrated under reduced

pressure, The residue was purified by silica chromatograpby eluted with 10%

PCT/US2014/039361
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NHi/methanol in dichloromethane to separate the diastereoisomers. The major
diastereoisomer was the desired (4b5,68,8aR,98)-11 {cyclobutylmethyl)-6-hydroxy-
6,7,8,83,9,10-hexahydro-3H-9,4b-{epiminocthanophenanthrene-3-carboxamide {50
mg, 98.1% pure LCMS, 59% vield).

5 To (4b5,68,8aR,9R)-1 1 -{cyclobutylmethyl)-6-hydroxv-6,7,8,8a,9,1 -
hexahvdro-5H-9,4b-(epiminoethanc)phenanthrene-3-carboxamide (50 mg, 0.14
mmol) in ethyl acetate {4 m1L)} was added 2M HCl in diethyl ether {0.07 mL, .70
romol). The solvent was removed under vacuum before freeze drying from water to
give {4bS,68,8aR 2R }-1 1-{cyclohutylmethyl}-6-hydroxy-6,7,8,8a,9,10-hexahydro-SH-

10 94b-{epiminocthano)phenanthrene-3-carboxamide hydrochloride (55 mg, 99.0% pure
LUMS, 100% vield): [M+H]" 355.3. "H NMR (300MHz, D;0) 7.76 (11, 5), 7.44 (1H,
d), 7.16 (1H, ), 4.02 (1H, 8}, 3.58 (14, ), 2.88 - 3.44 {5H, m}, 2.70 (1H, 4}, 2.53
(1H, m}, 2.35 {1H, dt}, 6.99 - 2.16 (14H, m}.

15 Part B. Biological Assays

Bl. I Virro Characterization

The in virre kinetic and pharmacological characteristies of the compounds set

forth n Table B and Table C were tested using the following assays,

20 QOpioid recepior binding assay

The K; (binding affinity) for p opioid receptors was determined using a

competitive displacement assay as previousty described in Neumeyer (Journal of
Med, Chem. 2012, p3878), which is incorporated herein in its entirety. Briefly,
mentbrane protein from CHO (Chinese Hamster Ovarian) cells that stably expressed

25 the cloned human p opioid receptor were incubated with 12 different concentrations
of the compound set forth herein in the presence of 0.25 nM [3H]DAMGO (see Tibert
et al,, Can. I. Physiol. Pharmacol. 1988, Vol 66, p1368, which is incorporated by
reference herein in its entirety) in a final volume of 1 mL of 50 oM Tris—HCl, pH 7.3
at 25 °C. Incubation times of 60 min were used for [IH]DAMGO (see Gulati et al,,

30 Life Sci. 1990, Vol 47, p159, which is incorporated by reference herein in ifs
entirety). Nonspecific binding was measured by inclusion of 10 yM naloxone. The
binding was terminated by filtering the samples through Schleicher & Schuell No., 32
glass fiber filters using a Brandel 48-well cell harvester. The filters were

subsequently washed three times with 3 mb of cold 50 mM Tris-HCY, pH 7.5, and

- 7 6 —



WO 2014/190271 PCT/US2014/039361

135

20

9]
(9,1

30

were connted in 2 ml Feoscint A scintillation fluid, IC50 values were calcunlated by
least squares {it o a logarithme-probit analysis. Ki values of uniabelied compounds
were calculated from the equation Ki= (IC50¥1 + 8 where 8§ = (concentration of
radicligand)/(Kd of radioligand} {Cheng and Prusoff, 1973). The calculated IC50

and Ki values for the compounds fested are set forth i Table B and Table €, herein.

Funciional gssay (GTPS binding}

The ECS50 and Imax for u opioid receptors was determined using a
PISHFTEYS binding assay. This assay measures the functional properties of a
compound by quantifying the level of G-protein activation following agonist hinding
m studies using stably transfected cells, and is considered to be a measure of the
efficacy of a compound, Membranes from CHO (Chinese Hamster Ovary) cells that
stably expressed the cloned human Mu opioid receptor were used in the experiments.
Specifically, in a final vohume of 8.5 ml, 12 different concenirations of each test
compound were incubated with 7.5 ug of CHO cell membranes that stably expressed
the human p opioid receptor. The assay buffer consisted of 30mM Tris-HCL pH 7.4,
3 mM MgCli2, 0.2 mM EGTA, 3 uM GDP, and 100 mM NaCl The final
concentration of {3381GTPyS was (.080 nM., Nonspecific binding was measured by
mclusion of 10 uM GTPyS. Binding was initiated by the addition of the membranes.
After an incubation of 60 min at 30°C, the samples were filtered through Schleicher &
Schuell No. 32 glass fiber filters. The filters were washed three times with cold 56
mM Tris-HCE, pH 7.5, and were counted in 2 ml of Ecoscint scintillation fluid. Data
are the mean Emax and BUS0 values & S.E.M. For calculstion of the Emax values, the
basal {338]GTPyS binding was set at (%, and the 100% [358]GTPyS binding level
was set at the maximum binding achieved with DAMGO. To delermine antagonist
activity of a compound at the p opioid receptors, CHO membranes expressing the g
opioid recepior, were incubated with 12 different concentrations of the compound n
the presence of 200 oM of the p agonist DAMGO. The Emax values are the maximal
percentage increase of [A581GTPYS binding induced by a test compound relative to
basal [3581GTPyS binding in the absence of any drug. Data for antagonisis are the
mean Imax and IC30 valaes + S EM. The calculated EC350 and Imax values for the
compounds tesied are set forth in Table B and Table C, herein. It should be noted that
the GTPvS binding assay described above is performed uvnder conditions such that the

observed Emax value for buprenorphine in this assay is at least 50 % compared to

._.’77...
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Table C
................................................................... ﬁ e uECS@ pﬁEmax ;LICSG ;aimakx
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BI, Thermai Pain Assay

The antinociceptive effect of the compounds disclosed herein is determined
using a rodent hot plate model. This model tests the responses to acute thermal pain
in rais as set forth below.

Male Sprague-Dawley rats (275-425g) are used for all studies. Rats are
housed 2/cage and are given food and water ad libitum. Body weights were taken
once before testing begins and rats were marked on their tail to indicate numbering.
The hot plate apparatus (Columbus Instruments) was used to measure antinociception
io acute thermal pain,

Rats are placed individually on the hot plate apparatus (surface temperature is
equal to 52.5°C and is confirmed with an infrared thermometer at the beginning of
gach study) and the response latency to lick either hind paw is recorded. The
maxinnim response latency (MRL) is set to 60 seconds to avoid potential thermal
injury associated with longer exposure times. Rats are iested for a baseline hot plate
response {licking one hind paw) immediately prior to subcutaneous injection with test
compound, Any rat which displays a baseline response latency greater than 30
seconds is removed from the study. The latency to lick a hind paw is compared to the
dose of morphine (7.5 mg/kg, SC) that produced a maximum response latency of 60
seconds when measured 30 minutes after administration. Foliowing test compound
adminisiralion, rats are tested 30, 60, 90, 120, and 240 minutes later on the hot plate.
The time to ek one hind paw is recorded as the response latency for each rat.

Raw data is reported as the time {in seconds) to lick one hind paw following
exposure to the hot plate. The rocan and SEM of the responses laiencies for each
experimental group are calculated and a line graph depicting mean hot plate latency
vs, time is generated using GraphPad Prism. An increase in mean response latency
above baseline following test compound administration is indicative of an
antinociceptive effect.

In one study, the antinociceptive effects of Compound A, either alone or in
combination with morphine were determined using the hot plate assay described
above. Specifically, rats were administered: 1} Smg/kg morphine; 23 1 mg/kg
Compound A; 3} § mg/kg morphine and 0.01 mg/kg Compound A; 4} 5 mg'kg
morphine and 0.1 mg/kg Componnd A; or 5} § mg/kg morphine and 1 mg/kg

Compound A. The resulls, set forth in Figure 1, show that although Compound A

- ()0 -
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inhibits morphine analgesia at doses ranging from 0.01mg/kg to 1 mg/kg, Compound
A alone has no antinociceptive effect at a dose of 1 myg/ks.

In another study, the antinociceptive effects of Compound A and
buprenorphine were compared using the hot plate assay described above.
Specifically, rats were administered with either 10mg/kg of Compound A, or 1 mg/kg
of buprenorphine. The results, set forth in Figure 2, show that buprenorphine inhibits
thermal pain in rats at a dose of 1 mg/kg, whereas Compound A has no
antinociceptive effect at a dose of 10 mg/kg.

In another study, the antinociceptive effects of morphine, and Compounds B,
C, D, and E, separately, were determined using the hot plate assay described above.
Specifically, rats were administered: 1} 7.5 mg/kg morpbine; 2) 10.0 mg/kg
Compound B; 3) 10.0 mg/kg Compound C; 4) 10.0 mg/kg Compound D; or 5) 10.0
mg/kg Compound B, The results, set forth in Figure 4, show that morphine inhibits
thermal pain at a dose of 7.5 myg/kg, and that Compounds B, C, I3, or E have no

antinociceptive effect at a dose of 10.0 mg/kg,

B3, In vive Dopamine Efflux Assay

The neurochemical response of the compounds disclosed herein is determined
by in vive microdialysis in awake rats. Intra-cranial microdialysis in rats allows the
sampling of extracellular cerchrospinal fluid (CSF) from specific brain regions of
interest and the measurcment and gquaniitation of neurotransmitter, neuropeptide, and
drug concentrations following the analysis of sampled dialysate with bicanalytical
chenustry techniques. This techmigue allows measurement and comparison of
neurciransmitier release in response to test compounds to basal neurotransmitter
levels. The nucleus accumbens shell is a brain region which is critically important for
understanding the rewarding effects of a variety of stimuli including food, mating
behavior and drugs of abuse. Rewarding stimuli have been shown to act though
multiple pathways to modulate the mesolimbic dopamine system, ultimately resulting -
m acute increases in extraceliular DA (DA within the nucleus accumbens shell
following systemic administration or self-administration. In these studies,
microdialysate collected from probes iraplanted in the NAc-sh is analyzed for
dopamine content by HPLC coupled to electrochenical detection (HPLC-EC) as set

forth below.
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Male Wistar rats (275-425g) are used for all studies.  Rats were housed 2/cage
and are given food and water ad Ubinum. Approximately 3-4 days after arrival fo the
animal facility, rats underwent surgical implantation of microdialysis guide cannula to
guide insertion of the microdialysis probe. Rats are anesthetized with a mixture of
ketamine/xylazine {80/6 mg/kg 1F) and placed in a siereotaxic apparatus. Ophthalmic
fubricating petroleum based ointinent is applied to the eyes as needed.  The surgical
arca is shaved and prepared with a betadine scrub and wiped with alcohol. The skull
is exposed and small burr holes were drilled to allow for the guide cannula to pass
through and for the mounting screws o be attached to the skull. Guide cannula
(CMA-12, CMA-Microdialysis, 3WE} are stercotaxically implanted towards the
NAc-sh (final microdialysis coordinates relative to bregrma: AP +1.70; M/L £0.80;
DYV -5.90 from the top of the skull} (Paxinos and Watson, “The Rat Brain”, gt
Edition, 2008). Each guide cannula is secured with 3, 1/8” skull screws {Small Parts
Inc, USA) and cranioplastic cement (G Fuji Plus Capsule; Henry Schein, USAJ.
Following 3-4 days of recovery, microdialysis probes (CMA-12, CMA-Microdialysis,
SWE) with a 2rom active membrane length are inserted through the guide cannula and
rats are individually tethered to a CMA 120 microdialysis system (CMA-
Microdialysis, SWE). Rats are contimuously perfused overnight with sterile artificial
cerebrospinal fhuid (aCSF) (CMA CNS Perfusion Solution; CMA-Microdialysis,
SWE) via a syringe pump at §.2uVminute. The following morning, continuous
perfusion of aCSF was increased to 2.0 ul/minute and the flow rate was equilibrated
for at least 2 hours prior to experimentation,

Microdialysis occurred on the day following probe insertion. Microdialysis
samples are collected antomatically at 15 minute intervals via a chilled microfraction
collector for a fotal of 6.0 hours. Following equilibration, a 1.5 hour bascline
measurement {6 fractions) of neurotransmitter levels is collected. Following baseline
measurements, rats are separately administered various concentrations of test
compound. Fractions were analyzed via HPLC-EC to determine dopamine
concentrations.

Microdialysis fractions are analyzed via HPLC-EC using an Alexys
Monoamine Analyrer {Antec Leyden, NLD) or via UHPLC-EC using an Alexys
Neurotransritter Analyeer. For HPLC-EC detection, an aliquot of cach fraction
{10ul} is injected onto a 1um reverse-phase C18 column (HSS-T3, Waters Corp.,

Milford, MA). DA is eluied using a mobile phase (pH 6.0} consisting of 50mM

_92“
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phosphoric acid, SmM KCL, 0.1 mM EDTA, 6.5% acetonitrile, and 1200mg/L octane
sulfonic acid. DA is detected using a Decade Il amperometric detector { Anfec
Leyden) with a glassy carbon ¢lecirode maintained at approximately 0.460V relative
to a sali-bridge reference ¢lectrode. For UHPLC-EC detection, an aliquot of each
5 fraction {10ul} is injected onto a 1um reverse-phase C18 column (HSS T3, Waters
Corp., Milford, MA). DA is eluted using a mobile phase {pH 4.00) consisting of
30mM phosphoric acid, 8mM KCL, 50mM Citric Acid, 0.1 mM EDTA, 6.5%
acetonitrile, and 600mg/L octane sulfonic acid. DA is detected using a Decade 11
amperometric detector {Antec Leyden) with a glassy carbon electrode maintained at
10 approximately 0.55V relative (o a Ag/AgCl reference electrode.
All data is recorded and analyte levels quantitated using a Clarity 3.0 software
package (Data Apex, Czech Republic). A 6-point standard curve (0.25, 0.5, 1.0, 2.0,
4.0 and 8.0 pg DA/10u! injection} is run daily prior to neurotransmitter analysis, The
standard carve is fitted linearly and peurotransmitier content in microdialysate
15 samples is quantifated based on the corresponding standard curve. The amount of
dopamine or metabolites is quantified as “on-column” in picograms of analyte per
10ul sample injection onto the column, Raw data are reported as picograms of
dopamine per 10u! sarople and transformed (using Graph Pad Prism 5.0} to
percentage of pre-drug baseline for each animal, as defined as the average of the six
20 baseline nicrodialysis samples. Percentage change from baseline vs. time is then
graphed using GraphPad Prism 5.0. Following completion of the study, all animals
are analyzed via histological methods to ensure proper probe placement with the
nucleus accumbens shell, Those animals with probe placement outside of the nucleus

accumbens shell are excluded from the final data analysis

N
W

To verity probe placement, rats are euthanized with an 1P injection of 50%
Euthasol {Virbac, AH Inc, Forth Worth, TX) shortly after microdialysis. Brains are
rapidly dissected and frozen on dry ice and stored at -80°C. Coronal sections
{approximately 60-1m} are then sliced at the level of the nucleus accumbens and
digitally photographed for archival purposes. Only data from animals with verified
30 probe placement are included in data analysis,

In one study, the amount of dopamine release indueed by Compound A and
buprenorphine in the rat nucleus accumbens was determined using the microdialysis
assay herein, Specifically, rats were separately administered with Compound A (at

0.01 mg/kg, 0.1 mg/kg, or 1 mg/kg) or buprenorphine {at 0.001 mgdg, 0.003 mg/ks,
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0.01 mg/kg, 0.1 mg/kg, or | mg/kg) and microdialysate was sampled for 4.5 hours (18
fractions}. The results of these experiments are set forth in Figure 3. These data show
that Compound A induced a dose dependent increase in dopamine efflux in the rat
nucleus accumbens, achieving a maximum dopamine efflux of about 300% over
baseline at 0.1 mg/kg of Compound A. Buprenorphine alse induced a dose dependent
increase in dopamine effhix. Although, no maximum dopamine efflux level {or
buprenorphine was determined, the maximum dopamine efflux induced by
buprenorphine is clearly much greater than that obtainable using Compound A, The
lower ceiling level of dopamine efflux of exhibited by Compound A relative to
buprenorphine indicates that Compound A will likely have a lower risk of opioid
dependence, opioid addiction and/or opioid withdrawal symptoms compared (o
buprenorphine.

In other studies, the amount of dopamine release mduced by Compounds B, C,
[, and E in the rat nucleus accumbens was determined using the microdialysis assay
herein, Specifically, rats were administered {via subcutanecus injection at T=0}
separately with Compounds B, C, I}, or ¥ af doses of 0.1 mg/kg, 1 mg/kg, or 10
mg/kg, and microdialysate was continuously sampled for 4.5 hours. The results of
these experiments are set forth in Figures 5-8 Compound B exhibited a maximum
dopamine efftux of about 150% to about 20054 over bascline at a dose of 10 mg/kg.
Compound C exhibited a maximum dopamine efflux of about 123% to about 200%
over baseline at the three dose levels. Compounds D and E exhibited a maximum
dopamine efflux of about 125% to about 250% over baseline at the three dose levels.
These low ceiling levels of dopamine efflux indicate that Compounds B, C, I}, and B
will likely have a lower risk of opioid dependence, opioid addiction and/or opioid

withdrawal symptoms.

B4, I vive Forced Swim Test

The Forced Swim Test is a classical preclinical model used to assess
antidepressant effects of test compounds in rats. Rats forced to swim in an
imescapable cylinder adopt a characteristic fmumobile posture after a period of
vigorous swimining, Immobility has been shown {o be reduced by most clinically
effective antidepressant drugs. Furthermore, this paradigm has the benefit of being

able to distinguish potential antidepressant compounds from other behavioral
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paradigms that measure activities {open-field} or other compounds that might have
dose-dependent effects on general locomotor activities unrelated (o mood,
A male, Wistar-Kyoto rat is placed into s assigned clear Plexiglas cylinders

of water {23-25°C) for a 15-min pretest swim. A compound is then administered in

()

the rat by subcutaneously {sub-Q) injections following a dosing schedule. The sub-{
dosing schedule includes one injection at 0.5 hr after the pretest swim, one injection at
5 hrs before a test swim, and one injection at LThr before the test swim. Each test swim
lasts 6 minutes, and this test swim 18 carried out within 24 hours after the pretest
swim. The test swim is recorded using a digital video recording system and
1 subsequenily analyzed manually for immobility behavior.
In one study, reductions of the duration of immobility in rats induced by
different doses of Compounds A, B and € were determined using the Forced Swim
Test herein. Specifically, rats were administered with a vehicle {saline), Compound
A, Compound B, or Compound C at a dose range between 0 and 10 mg/kg, and
15 durations of immobility were recorded. The resulis of these experimenis are set forth
in Figure 9. Maximal effects of Compounds A, B and C in the Forced Swim Test are
shown in Figares 9(a), 8(b} and 9(c}, respectively. Compounds A, Band C
significantly (p<0.05) decreased tmmobility time in the Forced Swim Test compared

to saline reated controls. The reductions of immobility indicate that Compounds A,

2
Pl

B and C will likely improve depressive-like hehavior.

Eguivalents

Those skilled in the art will recognize, or be able lo ascerfain using no more
than routine experimentation, many equivalents o the specific embodiments and
25  methods described herein. Such equivalents are intended to be encompassed by the

scope of the following claims.

Incorpovation by Reference
The entire contents of all patents, published patent applications and other
references cited herein are hereby expressly incorporated herein fn their entiveties by

reference.
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Claims

i A method of treating a depressive symptont in a subject comprising

5 administering to the subject a compound of Formula [

SN
N7 R,
.-‘«"‘!N r \\yc Q(f
e A VI e
{!,- \:x} AAAAA i £
% ¢ Y &
N Mg R
!;" Y by 3
oms(  OH R,
N2 M

) S
R is cyclobutyl, e or _g_“w\;
R is H, hydroxyl, or methoxy; and
i0 Ry and Ry are each, independently, H, hydroxyl, or NRsR;, wherein Rs and Rg
are cach independently H, alkyl or optionally substituted acyl, or aliernatively, Ry and

Ry, together with the carbon atom to which they are attached, form C=0 or C=CH,.

2. The method according to claim 1, wherein the compound of Formula T ist
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YN . or Ry

5 3 A method of treating a depressive symplom in a subject comprising

administering to the subject a compound of Formula I

{1}
or a pharmaccutically acceptable salt thereof, wherein
Ry is Cy-Cq alkyl, C;-C alkenyl, cycloalkyl, heterocyelyl, hydroxvalkyl, or
10 alkoxyalkyl;

...98...
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Ry, is H or methyl;
R; and Ry are cach methyl, or alternatively, Ry and Ry, together with the
carbon atoms {0 which they are atiached, form a S-membered unsubstituted

carbocyclic ring;

5 when smewww is 2 single bond, Rqis H; and
when mme= === 18 8 double bond, Ry 18 O,
4, The method according to claim 3, wherein the compound of Formula H is:
\ff\\\w"'«w\\
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5. A methoed of treating a depressive symptom in a subject comprising

administering to the subject a corapound of Formula 1

Ria
. R N7 TRy
8 ;_} “‘(\){R;
P g
2 X : é
\:‘ ‘\}* N
S Ry
(]"‘;;;;{\ Ry
NH
‘: PSS
N AW .
S, o .
5 N {10y

or a pharmaceutically acceptable salt thereof, wherein

Ry is 04-Cq alkyl, Cr-Cy alkenyl, aryl, cycloalkyl, heterocyelyl, benzyl,
hvdroxyalkyl, or alkoxyalkyl;

Ry, is H or methyl;

10 R; and Rj are each H, methyi, or ethyl, or alternatively, R; and R;, together
with the carbon atoms to which they are attached, form a 6-membered unsubstituted
carbocyelic ring or carbonyl-substituted carbocyclic ring;

R4 and R are each, independently, H, hydroxyl, or C-Cy altkyl;

R is unsubstituted or substituted Ce-Cig aryl, or substituted or unsubstifuted

oy
L 1

heteroaryl comprising one or two §- or 6~membered rings and 1-4 heteroatoms
selected from N, O and 8; and

Ry and Rg are each, independently, H or bydroxyl.

6. The method according to claim 5, wherein the compound of Formula I s
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or

~3

A method of treating a depressive symptom in a subject corpprising

5 adminisiering o the subject a compound of Formula IV:

R1 &
Y
) Ry
«V‘"‘WN
N
R
RS NS Ra
.:\{ X ..,,,...\(;
v‘!}.:“‘wf R4
M (FV)

or a pharmacecutically acceptable salt thereof, wherein
Ry is C)-Cy alkyl, Cp-Cg alkenyl, arvl, cycloalkyl, heterocyelyl, benzyl,
hydroxvalkyl, or allkoxyvalkyl;
1@ Ris 1s H or methyl;

Rz is H, hydroxyl, or methoxy; and
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R; and Ry are each methyl, or altematively, Ry and Ry, together with the
carbon atoms to which they are attached, form 3 6~-membered unsubstituted

carbocyelic ring.

5 8 The method according fo claim 7, wherein the compound of Formula IV is:
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9. A method of treating a depressive symptom in a subject comprising

administering {o the subject a compound selected from:
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or a pharmaceutically acceptable salt thereof.

10.  The method of any one of claims 1-9, wherein the corapound is a g oploid

receptor agonist that exhibits an Emax of 5% o 45% in a2 GTPyS binding assay.
P it Y g 3

11, The method of claim 10, wherein the Fmax is 15% to 353% in a GTPyS

binding assay.

12.  The method of claim 10 or 11, wherein said agonist has a low risk of opioid

dependence, opioid addiction, and/or symptoms of opioid withdrawal.
13, The method of any one of claims 1-9, wherein the compound exhubits a
maximal dopamine effhux in the nucleus accumbens of 125 % to 300% over base line

in a rat.

14, The method of claim 13, wherein the compound has a maximal dopamine

efflux in the nucleus accumbens of 200 % to 300% over base line in a ral,

107~
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15, The method of any one of claims -9, wherein the compound does not
atienuate thermal pain in 8 rodent hot plate model when administered at a dose of at

least T mg/kg.

16, The method of claim 15, whergin the compound does not atternate thermal

Lo

pain in & rodent hot plate mode! when administered at a dose of at least 3 mg/kg.

17.  The method of claim 15 or 16, wherein the compound does not attenuvate

thermal pain in a rodent hot plate model when administered af a dose of 10 mg/kg.

18. A method of treating a depressive symptom in a subject in need thereof, the
method comprising administering to the sabject an effective amount of a p opioid

receptor agonist that exhibits an Emax of 5% to 45% in a GTPyS binding assay.

5 19 The method of claim 18, wherein the Emax is 15% {0 35% ina GTPy3

hinding assay.

20.  The method of claim 18 or 19, wherein said agonist has a low risk of opioid
dependence, opioid addiction, and/or symptoms of opioid withdrawal

20
21, A method of treating a depressive sympton: in g sabject in need thereof, the
method comprising administering to the subject an effective amount of a compound
that exhibits a maximal dopamine effiux in the mucleus accumbens of 125 % to 300%

over base line in a rat,

22. The method of claim 21, wherein the compound exhibits a maximal dopamine

efflux in the nucleus accumbens of 200 % o 300% over base line in a rat.

23, A method of treating a depressive symptom in a subject in need thereof, the
3 method comprising administering {o the subiect an effective amount of a2 compound
that dogs not attenuate thermal pain in a rodent hot plate model when administered at

a dose of at least § mg/ks.

— 108~
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24, The method of claim 23, whergin the compound does not atienuate thermal

pain in & rodent hot plate model when administered at a dose of at least 3 mg'kg.

38 The method of claim 23, wherein the compound does not attenwate thermal

pain in a rodent hot plate model when administered at a dose of 10 mg/kg.

W

26, The method of any one of claims 1-235, wherein the subject is a human.

27.  The method of any one of claims 1-26, wherein the depressive symptom is
10 depressed mood, loss of pleasure, loss of appetite, sleep disturbance, psychomotor

changes, fatigue, and/or post-partum depression
& >

28. The method of any one of claims 1-28, wherein the depressive sympiom is
associated with a menial condition, wherein the mental condition is schizoaffective

15 disorder, and/or seasonal affective disorder.

29, The method of any one of ¢laims 1-26, wherein the depressive symptom is
acule stress disorder, adjustment disorders with depressed mood, Asperger syndrome,
attention deficit, bercaverment, bipolar I disorder, bipolar ¥ disorder, borderline and
20 personality disorder, eyvclothymia and dysthymia, depression such as major depressive
disorder {(MDD) and treatment-resistant disorder {TRD), Dysthymic disorder,
hyperactivity disorder, impulse conirol disorder, mixed mania, obsessive-compulsive
personality disorder {OCD), paranoid, post-traumatic stress disorder, seasonal

affective disorder, self-injury separation, sleep disorder, substance-induced mood

25 disorder, Tourctte syndrome and tic disorder, and/or Trichotillomania,
30,  The method of any one of claims 1-26, wherein the depressive symptom is an
anxiety disorder, wherein the anxiety disorder is generalized anxiety disorder, panic,
agoraphobia, acuie stress, and/or post-tranmatic siress disorder,

3D

31, The method of any one of claims 1-26, wherein the depressive symptom is

associated with chronic or recurrent depression.
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