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MULTICYCLIC COMPOUNDS

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS
[6001] This application claims prionty to US. Provisional Patent Application Nos.
63/279,094, filed November 13, 2021: 63/282.264, filed November 23, 2021; 63/299,749, filed
January 14, 2022: 63/317,980, filed March 9, 2022; 63/321,915, filed March 21, 2022: 63/336 476,
filed April 29, 2022; and 63/375,050, filed September &, 2022; each of which are hereby
mcorporated herein by reference to their entireties to the extent not inconsistent with the content

of this disclosure.

BACKGROUND
Field
08002} The present application generally relates to pharmaceutical compounds. More

spectfically, compounds that modulate a KOR and/or a MOR receptor are provided.

Deseription
[6003] Salvinorin A (SalA) 18 a neoclerodane diterpenoid solated from the Mexican

hallucmogenic plant Salfvia divinorum,

Salvinorin A

[6004] SalA 18 a potent kappa-opioid receptor (KOR) agoumst. Multiple natural
products related to SalA have been wdentified, including collybolide, which 1s also a potent KOR

agouist.
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Coliybolide

SUMMARY

[6005] Some embodiments provide a compound of Forroula |, Formula I, or Formula
I}, or a pharmaceutically acceptable salt of any of the foregoing.

[6006] Some embodiments disclosed herein relate to a pharmaceutical composttion
that can include an effective amount of one or more compounds of Formula I, Formula TE, Formula
HE, or a pharmaceutically acceptable salt of any of the foregoing, an a pharmaceutically acceptable
carrier, diluent, excipient or combination thereof

[6087] Some embodiments described herein relate to a method for treating a subject
having a disease or disorder described herein that can mclude admunistering an effective amount
of a compound deseribed herein {(such as a compound of Formuia I, Formula H, and/or Formula
I}, or a pharmacentically acceptable salt of any of the foregoing} or a pharmaceutical composition
that includes a compound described herem (such as a compound of Formula §, Formula B, and/or
Formula 1, or a pharmaceutically acceptable salt of any of the foregoing} to the subject to
alleviate at least one symptom of the disease or disorder (such as 1, 2 or 3 symptoms}. Other
embodiments described herein relate to the use of an effective amount of a compound described
herein {such as a compound of Formula I, Formula 11, and/or Formula ¥, or a pharmaceutically
acceptable salt of any of the foregoing) or a pharmaceutical composition that includes a compound
described herein (such as a compound of Formula I Formula ¥, and/or Formula B or a
pharmaceutically acceptable salt of any of the foregoing) in the manufacture of a2 medicament for
treating a disease or disorder described herein. Still other embodiments described herein relate to
an effective amount of a compound described herein (such as a compound of Formula §, Formula

H, and/or Formula T or a pharmaceutically acceptable salt of any of the foregoing) or a

[xe]
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pharmaceutical composttion that includes a compound described herein (such as a compound of
Formula §, Formula H, and/or Formula 11, or a pharmaceutically accepiable salt of any of the
foregomge) for treating a disease or condition described herein.

[(008) Some embodiments described herein relate to a method for treating a subject
having a disease or disorder described herein that can include contacting a KOR or a MOR receptor
im a subject with an effective amount of a compound described herein {such as a compound of
Formula f, Formula I, and/or Formula Hi, or a pharmaceutically acceptable salt of any of the
foregomg} Other embodiments described herein relate to the use of an effective amount of a
compound described herein (such as a compound of Formula 1, Formula i, and/or Formula IH,
or a pharmaceutically acceptable salt of any of the foregoing} in the manufacture of a medicament
for contacting a KOR or a MOR receptor in a subject having a disease or disorder described herein.
Still other embodiments described herein relate to an effective amount of a compound described
herein (such as a compound of Formula ¥, Formula H, and/or Formula T, or a pharmaceutically
acceptable salt of any of the foregoing) for comtacting a KOR or a MOR receptor in a subject
having a disease or disorder described herein.

[6009] Some embodiments described herein relate to a method for ameliorating one or
more symptom (such as 1, 2 or 3 symptoms) of a disease or disorder described herein that can
include adminmstering an effective amount of a compound described herein (such as a compound
of Formula I, Formula T, and/or Formula T8, or a pharmaceutically acceptable salt of any of the
foregomg) to a subject suffering from the disease or disorder; and can also include contacting a
KOR or a MOR receptor with an effective amount of a compound described herein (such as a
compound of Formula I, Formula ¥, and/or Formula ¥, or a pharmaceutically acceptable salt of
any of the foregoing}. Other embodiments described herein relate to the use of an effective amount
of a compound described herein {(such as a compound of Formuia I, Formula H, and/or Formula
i}, or a pharmaceutically acceptable salt of any of the foregomg) in the manufacture of a
medicament for ameliorating one or more symptom {such as 1, 2 or 3 symptoms} of a disease or
disorder described herein; or, in the manufacture of a medicament for ameliorating one or more
symptom (such as 1, 2 or 3 symptoms) of a disease or disorder described herein, wherein the use
comprises contacting a KOR or 3 MOR receptor with the medicament. Siill other embodiments
described herein relate to an effective amount of a compound described herein (such as a

compound of Formula |, Formula ¥, and/or Formula HE, or a pharmaceutically acceptable salt of
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any of the foregoing) for ameliorating one or more symptom (such as 1, 2 or 3 symptoms} of a
disease or disorder described heremn by contacting a KOR or a MOR receptor.

{6010} These and other embodiments are described 1 greater detail below.

BRIKF DESCRIPTION OF THE DRAWINGS

[6011] FIGS. 1A and 1B depict a flow chart for compound testing,

[06012] FIGS. 2A and 2B depict steps for total synthesis of racemic O6C-20-nor-SalA.

[601.3] FIG. 3 depicts a method for preparation of per-deuterated-acetyl SalA.

[0014] FIG. 4 depicts a method for synthesizing O6C-20-nor-SalB.

[6015] FIG. SA depicts a synthetic route for preparing O-acylated compounds. FIGS.
5B and 5C show synthetic routes for various embodiments of O-acylated compounds. FIG. 5D
depicts a proposed method for synthesizing C2-epi-O-acylated compounds.

[6016] FIGS. 6A and 6B depict a method for O-alkylation or O-arylation of the shown
compounds.

(6017 FIG. 7A depicts a proposed method for N-acylation of the shown multicyche
compounds. FIGS. 7B and 7C show synthetic routes for various embodiments of N-acvlated
multicychc compounds,

[3018] FIG. 8§ depicts a second proposed method for N-acylation of the shown
multicychc compounds,

(0019 FIGS. SA and 9B depict methods for synthesizing a multicychie compound
wherein the stereochemistry of the furyl group has been changed.

[8020] FIG 10 depicts a proposed synthesis of the shown multicyclic compounds.

{6021} FIG. 11 depicts 3 proposed synthesis of the shown multicyclic compounds.

DETAILED DESCRIPTION
Compounds
[B022] Various embodiments disclosed heremn relate to a compound of Formula |,
Formulae H, or Formula 1§}, or a pharmaceutically acceptable salt of any of the foregoing, having

the structures:



WO 2023/086580 PCT/US2022/049719

wherem:

Br
QO Q O O
/ / /
7 N e 7 Br N0
R can be 1 , 1 , i } T i

G

Q

U [VaVaVaVyl
E Lor i

R? can be O or CHy,

R> can be H or CHs;

n
0. O,
NCS/\\ﬂ/ 55{1 Br//\\U/ Sﬁi \\H/N‘j{i \S/QE?i
o O X
s s Q 2

R* can be OH,

~O OO OO O 0O



PCT/US2022/049719

WO 2023/086580

of

£

v

0




WO 2023/086580 PCT/US2022/049719

- | | ,
Sfﬁh?ﬁs \rﬁy \\g”N“}fg /\N/nggs \\H/N\Fg

g0 | O 0 |

| Eli O H H
\r.\ffj R N»?ff \:;SsN\;‘J: \S/\\I(Q}f
0o o
O o |

\T/\rff" “ff“(\,rw Q\f




WO 2023/086580 PCT/US2022/049719

wherein R° can be O or §;
R® can be F, Cl, or Br; and
each R can independently be H, OMe, NO2, or CF3;

R’ canbe Hoor O
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O
o

R¥can be O, OH, or wane and “rmmm” represents a single bond or a double bond, wheren

R? can be CO2Me or CONH,
and NCS s N-chlorosuccinimide;

provided that one or both of the following conditions is met: R? is CHa; or R is H; and

Cybinnd
(O
3] B
25"
[}

and

-0
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[B023] As used heremn, “ww” grosses a bond that is covalently bound to Formula §
Formula f, or Formula T8 at an R group. In some embodiments, to Formula §, Formula B or

Formula IH, or a pharmaceutically accepiable salt of any of the foregoing, cannot be

pharmaceutically acceptable salt of any of the foregoing.

-10-
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[6024] As used herein, “==="" represents a bond that may be a single bond or a double

bond; wherein when R® is O, “=== " represents a double bond to the oxygen and when R® is

o o

9 s : ; > [ )
wAane or OH, o " represents a single bond to the oxygen of e or OH
[6028] In some embodiments, the compound of Formula I, or a pharmaceutically

acceptable salt thereot, can be represented by Formula La:

Me
Cng\\fE@

f.a

[B026] In some embodiments of Formula La, or a pharmaceutically acceptable salt

thereof, Rl canbe | or |

[6027] In some embodiments of Formula La, or a pharmaceutically acceptable salt
thereof, R? can be O or CHz.

[6028] In some embodiments of Formula La, or a pharmaceutically acceptable salt
thereof, R® can be H or CHs. Those skilled in the art understand that CHz can be represented as
“Me.”

[B3029] In some embodiments of Formula La, or a pharmaceutically acceptable salt

o o
Er/\\ﬂ/ N NCS/\\H/ o
Q OF Q

thereof, R* can include a halogen, such as , wherein

NCS s N-chlorosuccinimide.

-11 -
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6039} In some embodiments of Formula I.a, or a pharmaceutically acceptable salt

thereof, R! can be ™Y or | cR%can be O or CH2, R? can be H or CHy;

0 0
Br/\\ﬂ/ S NCS/\( b
O o s

is  N-chlorosuccimimide. In some embodiments, the compound of Formela La, or a

and R* can include a halogen, such as , wherein NCS

pharmaceutically acceptable salt thereof, can be selected from:

0 o
H H H H
. o S
B*’/\\[T/ 0 NCS{/\W O

H H
O O y /

Me i Me

COMe 7 CO,Me

O

S
o
L M Hl
NC$/ }/ e //\\\/ \O
\{ Me
Q RN N
T Me
COMe

12 -
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ey
e O
I\\/ == I
LA s
L § H /H\ ?
L Me
O - A
R /\\/ O P //
\[ Me Me
COyMe and COMe

{including pharmaceuiically acceptable salts of any of the foregoing).
(6031} Inn other embodiments of Formula La, or a pharmaceutically acceptable salt

thereof, R* cannot include a double bond. Exemplary R* moieties that do not include a double bond

H
Ny
\\v/@;ﬁ7 /QWO}J | WQ\/Q};@" oo \T/ |

[B032] In some embodiments of Formula La, or a pharmaceutically acceptable salt

are OH,

thereof, R! can be 5 or 3 - R?can be O or CHz; R? can be H or CH3;
4 . . . ~
and R” cannot mclade a double bond. In some embodiments, the compound of Formula La, ora

pharmaceutically acceptable salt thereof, can be selected from:

0

v

- 14 -
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{including pharmaceutically acceptable salts of any of the foregoing).

[6033] Inn other embodiments of Formula La, or a pharmaceutically acceptable salt

thereof, R* «can include an  aromatic  ring, such  as ,
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6034} In some embodiments of Formula I.a, or a pharmaceutically acceptable salt
s g

S AR

thereof, R! can be E or | cR%can be O or CH2, R? can be H or CHy;

:;N_\“:

\ogs
&

and . In some embodiments, the compound of Formula La, or a
pharmaceutically acceptable salt thereof, can be selected from:
3
|
-

H
g

G

and
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/‘ 0 0
O 0 H/L\
H
G
Me
GO Me (including pharmaceutically acceptable salts of any of the
foregomng).

[6038] In other embodiments of Formula La, or a pharmaceutically acceptable salt

thereof, R* can comprise at least one double bond (such as 1 or 2 double bonds} and not comprise

YQ;&S /YQ\};
O

an aromatic ring, N {mirogen}, or 8§ {sulfur), such as Q . ,

2 O Q‘;-f‘“ O Q}gf

[6036] In some embodiments of Formula I.a, or a pharmaceutically acceptable salt

[FaV SV.4V o) [V avaVy vyl
thereof, R! can be E or | : R%can be O or CHy; R can be H or CHy;

and R* can comprise at least one double bond (such as 1 or 2 double bonds} and not comprise an

oN 0,
N0 /\g ty \,ﬁgew

aromatic tmg, N, or S, such as Q ,

O, O | Q\;ﬁ

, and G O . In some embodiments, the compound of

Formula La, or a pharmaceutically acceptable salt thereof, can be selected frony:

- 18 -
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Me
and COMe {including pharmaceutically acceptable salts
of any of the foregomng}.

[B037] In other embodiments of Formula La, or a pharmaceutically acceptable salt

thereof, R* can include an O {oxygen)}. Exemplary R* moieties that include an O are:

H
0. 0.
wcs/\ﬂ/ < gr/\[r S \W/Nﬁ’; /}S/cﬁ
7
Ol o 6 o 9%
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, and
wherein R® can be F, 1, or Br; and
each R' can independently be H, OMe, NO», or CF

[6038] In some embodiments of Formula I.a, or a pharmaceutically acceptable salt

[eeV SV gV ol
thereof, R! can be ! or | : R%can be O or CHy; R can be H or CHy;
and R* can include an O. In some embodiments, the compound of Formula La, or a

pharmaceutically acceptable salt thereof, can be selected from:

) B
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and

{including pharmaceutically acceptable salts of
any of the foregoing}. In some embodiments, the compound of Formula La, or a pharmaceutically

acceptable salt thereof, can be selected from:

.29 .
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g

C?f_/\/

, , and

\Q 0 {including pharmaceutically acceptable salts of any of the
foregomng).

[B039] In other embodiments of Formula La, or a pharmaceutically acceptable salt
thereof, R® can comprise at least one double bond (such as 1 or 2 double bonds) and at least one

atom selected from N (rutrogen) and S (sulfur) (such as 1 rutrogen, 1 sulfur, 2 nitrogens, 2 sulfurs,

NNy C?gg&;ﬁ‘

or 1 nitrogen and 1 sulfur), for example, O o Q

|
N | N
O cand O :

[6040] In some embodiments of Formula La, or a pharmaceutically acceptable salt

thereof, R! can be | or i : R%can be O or CHz, R can be H or CHs;

-30-
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and R* can comprise at least one double bond {such as 1 or 2 double bonds) and at least one atom

selected from N and § (such as 1 nitrogen, 1 sulfur, 2 mitrogens, 2 sulfurs, or 1 nitrogen and 1

Nﬁf /‘\\\n//myqu \ st;& \S/\\[/

sulfur), for example, Q . and
N rﬁs
~

O . In some embodiments, the compound of Formula La, or a pharmaceutically

acceptable salt thereof, can be selected from:

N

7

)

CO,Me

231 -
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CO,Me ‘ CO,Me
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and
N T H H\Q
S/\r 0
i Me
O
Me
COMe (including pharmaceutically acceptable salts of

any of the foregoing).
[6041] Inn other embodiments of Formula La, or a pharmaceutically acceptable salt

thereof, the compound of Formula La, or a pharmaceutically acceptable salt thereof, cannot

O
\\U/ o
O
Me
mclude COMe and/or
(inchuding pharmaceutically acceptable salts of any of the foregoing).
[6042] In some embodiments, the compound of Formula H, or a pharmaceutically

acceptable salt thereof, can be represented by Formula H.a:

234 -
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Me
COMe
La.

[B3043] In some embodiments of Formula ¥la, or a pharmaceutically acceptable salt
thereof, R? can be O or CHa.

0044 In some embodiments of Formula ¥la, or a pharmaceutically acceptable salt
thereof, R can be B or CH:.

[0045] in some embodiments of Formula fLa, or a pharmaceutically acceptable salt
thereof, R? can be O or CHo and R® can be H or CHa. In some embodiments, the compound of

Formula La, or a pharmaceutically acceptable salt thereof, can be selected from:

» D

, ) and

{including pharmaceutically acceptable salts of any of the
foregomg}.

-3

(9]
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[8046] In some embodiments, the compound of Formela 13, or a pharmaceutically

acceptable salt thereof, can be represented by Formula Hias

iila

(60471 In some embodiments of Formula ika, or 3 pharmaceutically acceptable salt

thereof, Rl canbe | or |
{304 8] In some embodiments of Formula YiLa, or a pharmaceutically acceptable salt
thereof, R? can be O or CHa.
[B049] in some embodiments of Formula 1fLa, or a pharmaceutically acceptable salt
thereof, R® can be H or {Ha,
[B050] in some embodiments of Formula 1fLa, or a pharmaceutically acceptable salt
Q Q
/ /
Va P
thereof, R can be T or i : R? can be O or CHo: and R® can be H or
(CHs. In some embodiments, the compound of Formula ¥iLa, or a pharmaceutically acceptable salt

thereof, can be selected from;

- 36 -
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and {including

pharmaceutically acceptable salts of any of the foregoing}.

-
-37 -
7
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or a pharmaceutically acceptable salt

Q

(8051} In other embodiments of Formula Hia,

O
O
O H
O
3 H
O ,ora

thereof, the compound of Formula Hla cannot include
pharmaceutically acceptable salt thereof.

[6052] Those skilled 1n the art understand that compounds of Formulae 1, IE, and Hi,
meluding pharmaceutically acceptable salts thereof, can have one or more stereocenters,

[8053] In some embodiments, the compound of Formula 1 or Formula Hi, or a
pharmaceutically acceptable salt thereof, can have the structure of Formula L.¢ or Formula Hi.g:

O,

R-’+
%4, -

i g

(]

Oy bt

&
N1

[

&

fike

ot
)

wherein

<
,
PR

RicanbeHor < :
R? can be O or CHy;
R? ¢can be H or CHs;

23R -
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wherein R® can be O or 8; R® can be F, Cl or Br; NCS is N-chlorosuccinimide; and OAc is

\\ﬂ/(}g‘ry
O .

0034 In some embodiments, the compound of Formula I, Formula T8, or Formula i,
or a pharmaceutically acceptable salt thereof, can bave the structure of Formula Ld, Formula L4,

or Formula HLd:

wherein

- 40 -
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[0055]
or a pharmaceutically acceptable salt of any of the foregoing, can have the structure of Formula
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wherein R” can be O or 8; R® can be F, Cl or Br; and each R can independently be H,

OMe, NOo, or CFs;

R canbeHor
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[0056]

0

In some embodiments, the compound of Formula I, or a pharmaceutically
acceptable salt thereof, can have the structure of Formula Lb.

[0057]

In some embodiments, the compound of Formula H, or a pharmaceutically
acceptable salt thereof, can have the structure of Formula b,

L47 -



WO 2023/086580 PCT/US2022/049719

[60S8] In some embodiments, the compound of Formela 13, or a pharmaceutically

acceptable salt thereof, can have the structure of Formula Hib.

Hib.
[6059] In some emboduments of Formula Lb, Formula ILb, or Formula I¥b, or a

pharmaceutically acceptable salt of any of the foregoing, the stereochernistry of R can be one of
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the following:
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{060 In some embodiments of Formula Lb, Formula ILb, or Formula 1iLb, or a

pharmaceutically acceptable salt of any of the foregoing, the stereochemistry of R* can be one of
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0061 In sorme embodiments of Formula Lb, Formula TLb, or Formula HLb, ora

pharmaceutically acceptable salt of any of the foregoing, the stereochemistry of R can be

[6062] In some embodiments of Formula Lb, Formula ILb, or Formula {fib, or a

pharmaceutically acceptable salt of any of the foregoing, the stereochemistry of R® can be one of

@/ﬂ\@ OH

o . [PaP AV vyl
the followng: ~ % | VAARgr NN
[B063] In some embodiments, the compound of Formuda Lb, or a pharmaceutically

acceptable salt thereof, can be a sterecisomer of Q6C-20-nor-SalA selected from:

i
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and {including
pharmaceutically acceptable salts of any of the foregoing}.

[6064] In some embodiments, the compound of Formula Lb, or a pharmaceutically

acceptable salt thereof, can be enantiomerically enriched ,

or a pharmaceutically acceptable salt thereof. In some embodiments, the compound of Formula

IL.b, or a pharmaceutically acceptable salt thercof, can be enantiomerically pure
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, or a pharmaceutically acceptable salt thereof As used
herein, “enantiomerically enriched” means that one enantiomer is obtained in excess of the other
enantiomer. In some embodiments, an enantiomerically enriched mixture has an enantiomeric
excess of over 0%, preferably over 20%, preferably over 40%, preferably over 70%, more
preferably over 80%, more preferably over 90% or more preferably over 95% of one enantiomer
in relation to the other enantiomer. An "enantiomerically pure” compound Is consiudered as a
mixture of two enantiomers where sawd mixture 1s composed of over 95%, preferably over 98%,
more preferably over 99%, or more preterably over 99.5% of one enantiomer.

[08065] In some embodiments, the compound of Formula Lb, Formula TLb, or Formula

¥iLb, or a pharmaceutically acceptable salt of any of the foregong, can be selected from:
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, or a pharmaceutically acceptable salt of any of the foregoing.

in other embodiments of Formula Lb, Formula fLb, or Formula 1iLb, or a

(0066
pharmaceutically acceptable salt of any of the foregoing, the compound can be selected from:

- O
-
-

Mea
OZME

e /
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Hﬁlim

, and , or a pharmaceutically
acceptable salt of any of the foregoing.

[6067] There are several drawbacks associated with Salvinorin A Exemplary
drawbacks of SalA include poor stability (for example, hikelihood of epimerization), short half-
fife, short bran resonance time, and hallucinations. Accordingly, there 1 a need for compounds
such as those described heremn that address one or more the drawbacks associated with Salvinorin

Al

- 64 -



WO 2023/086580 PCT/US2022/049719

[606E] Some advantages of a compound described herein can include increased half-
iife (for example, by addition of one or more halogen atoms or lipophilic moieties), greater
solubility (for example, by addition of one or more carbonyl and/or hydroxyl groups), higher
atfimity for KOR and/or MOR receptors, higher efficacy for KOR and/or MOR receptors, greater
stability, and lower cytotoxicity. For example, these advantages can be relative to the naturally

occurring Salvinorin A

Pharmaceutical Compositions

[6069] Some embodiments described herein relate to a pharmaceutical composition
that can include an effective amount of one or more compounds described herein (suchas 1, 2 or
3 compounds of Formula ¥, Formula I, and/or Formula B, or a pharmaceutically acceptable salt
of any of the foregomg), and a pharmaceutically acceptable carrier, diluent, excipient and/or
combination thereof. In some embodiments, the pharmaceutical composition can include at least
one compound described herein, or a pharmaceutically acceptable salt thereof (such as 1, 2 or 3
compounds of Formula §, Formula ¥, and/or Formula 1§k, or pharmaceutically acceptable salts of
any of the foregoing). In some embodiments, a pharmaceutical composition include at least two
compounds of Formula §, or a pharmaceutically acceptable salt thereof (such as 2 or 3 compounds
of Formula I or pharmaceutically acceptable salts thereof). In some emboduments, a
pharmaceutical composition mclude at least two compounds of Formula TL, or a pharmaceutically
acceptable salt thereof (such as 2 or 3 compounds of Formula ¥E, or pharmaceutically acceptable
salts thereof). In other embodiments, a pharmaceutical composition include at least two
compounds of Formula I, or a pharmacentically acceptable salt thereof {(such as 2 or 3
compounds of Formula ¥, or pharmaceutically acceptable salts thereof}. In some embodiments,
a pharmaceutical composition can include at least two compounds from Formula ¥, Formula £, or
Formula Hi, or a pharmaceutically acceptable salt of any of the foregoing (such as 2 compounds
of Formula §, 2 compounds or Formula H, or 1 compound or Formela ¥ and 1 compound of
Formula H, or pharmaceutically acceptable salis of any of the foregomg}.

[B070] The term “pharmaceutical composition” refers to a mixture of one or more
compounds and/or salts disclosed herein with other chemical components, such as diluents or
carriers. The pharmaceutical composition facilitates admiunistration of the compound to an
orgamism. Pharmaceutical compositions can also be obtained by reacting compounds with

morganic or organic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
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phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid and salicvlic
acid. Pharmaceutical compositions will generally be tatlored to the specific intended route of
administration.

(6071 The term "pharmaceutically acceptable salt" refers to a salt of a compound that
does not cause significant irritation 1o an organism to which it 18 administered and does not
abrogate the biological activity and properties of the compound. In some embodiments, the salt is
an acid addition salt of the compound. Pharmaceutical salts can be obtained by reacting a
compound with inorganic acids such as hydrohalic acid (e g, hydrochloric acid or hydrobromic
actd}, a sulfuric acid, a nitric acid and a phosphoric acid (such as 2,3-dihvdroxypropyl dihydrogen
phosphate). Pharmaceutical salis can also be obtained by reacting a compound with an organic
acid such as aliphatic or aromatic carboxylic or sulfonic acids, for example formic, acetic, succinic,
lactic, malic, tartaric, citric, ascorbic, nicotinic, methanesulfonic, ethanesulfonic, p-toluensulfonic,
trifluoroacetic, benzoic, salicylic, 2-oxopentanedioic, or naphthalenesulfonic acid. Pharmaceutical
salts can also be obtained by reacting a compound with a base to form a salt such as an ammonium
salt, an alkali moetal salt, such as a sodium, a potassium or a hithiuro salt, an alkaline earth metal
salt, such as a calcium or a magoesium salt, a salt of a carbonate, a salt of a bicarbonate, a salt of
organic bases such as dicyclohexylamine, N-methyl-D-glucamine,
tristhydroxymethyDmethylanune, Ci-C7  alkylamine, cyclohexylamine,  inethanolamine,
ethylenedianune, and salts with amino acids such as arginine and lysine. For compounds of
Formula §, those skilled in the art understand that when a salt 18 formed by protonation of a
mitrogen-based group (for example, NH:2), the nitrogen-based group can be associated with a
positive charge {for example, NH> can become WH3 ") and the positive charge can be balanced by
a negatively charged counterion {such as CI'}.

[6072] As used herein, a “camier” refers to a compound that facilitates the
meorporation of a compound 1nto cells or tissues. For example, without lunutation, dimethyl
sulfoxide (BMSQO) 18 a commonly utilized carrier that facilitates the uptake of many organic
compounds innto cells or tissues of a subject.

{607 3] As used heremn, a “diluent” refers to an ingredient in a pharmaceutical
composition that lacks appreciable pharmacological activity but may be pharmaceutically
necessary or desirable. For example, a diluent may be used to increase the buik of a potent drug
whose mass is too small for manufacture and/or admmistration. It may alse be a liguud for the

dissolution of a drug to be admunistered by injection, ingestion or inhalation. A common form of
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diluent in the art is a buffered aqueous solution such as, without limitation, phosphate buffered
saline that mimics the pH and isotonicity of human blood.

[6074] As used herein, an “excipient” refers to an essentially inert substance that 1s
added to a pharmaceutical composition to provide, without limitation, bulk, consistency, stability,
binding ability, lubrication, disintegrating ability, etc, to the composition. For example, stabilizers
such as anti-oxidants and metal-chelating agents are excipients. In an embodiment, the
pharmaceutical composition comprises an anti-oxidant and/or a metal-chelating agent. A “diluent”
is a type of excipient.

00751 In some embodiments, the pharmaceutical compositions described herein can
be administered to a subject per se, or in pharmaceutical compositions where they are nuxed with
other active ingredients, as in combination therapy, or carriers, diluents, excipienis or
combinations thereof. Proper formulation is dependent upon the route of administration chosen.
Technigues for formulation and administration of the compounds described herein are known to
those skilled in the art.

[8076] The pharmaceutical compositions disclosed herein may be manufactured 1o a
manner that s iiself known, e.g., by means of conventional mixing, dissolving, granulating,
dragee-making, levigating, emulsifying, encapsulating, entrapping or tableting processes.
Additionally, the active mgredients are contained in an amount effective to achieve its mtended
purpose. Many of the compounds used 1 the pharmaceutical corabinations disclosed herein may
be provided as salis with pharmaceutically compatible counterions.

[B077] Multiple techniques of admunistering a compound, salt and/or composition exist
i the art mcluding, but not hmited to, oral {enteral), transmucosal (nasal, vaginal, rectal or
sublingual}, pulmonary, topical, transdermal (through a patch), aerosol, iyection, mfusion and
parenteral delivery, including intramuscular, subcutanecus, intravenous (IV), intramedullary
mjections, intrathecal, direct imtraventricular, intraperitoneal, miranasal and intraccular mjections.
in some embodiments, a3 compound of Formula |, or a pharmaceutically acceptable salt thereof,
can be admimstered orally.

{8078] One may also administer the compound, salt and/or composition in a local
rather than systemic manner, for example, via injection or implantation of the compound directly
mnto the affected area, often in a depot or sustained release formulation. Furthermore, one may
admunister the compound in a targeted drug delivery system, for example, in a liposome coated

with a tissue-specific antibody. The liposomes will be targeted to and taken up selectively by the
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organ. For example, intranasal or pulmonary delivery to target a respiratory disease or condition
may be desirable.

[6079] The compositions may, if desired, be presented in a pack or dispenser device
which may contain one or more unit dosage forms containing the active mgredient. The pack may
for example comprise metal or plastic foil, such as a blister pack. The pack or dispenser device
may be accompanied by instructions for admimstration. The pack or dispenser may also be
accompanied with a notice associated with the container in form prescribed by a governmental
agency regulating the manufacture, use, or sale of pharmaceuticals, which notice 1s reflective of
approval by the agency of the form of the drug for human or veterinary administration. Such notice,
for example, may be the labeling approved by the US Food and Drug Adnunistration for
prescription drugs, or the approved product insert. Compositions that can include a compound
and/or salt described herein formulated in a compatible pharmaceutical carrier may also be

prepared, placed in an appropriate container and labeled for treatment of an indicated condition.

Synthesis

[B080] FIGS. 1A and 1B show an example of a flow chart for synthesizing and testing
the various compounds provided herewith. In brief, the compounds are first synthesized, then
tested for their physical and biochemical properties. After that, they are tested 0 cell culture then
in animal models for efficacy.

[B081] In some embodiments, compounds described herein, along with
pharmaceutically acceptable salts thereof, are synthesized by chemical methods. Such methods are
known 1n the art See, eg., Crowley RS et al, ACS Chem Neuwrosat DOE
10,102V acschemneuro.0c00191 {2020}, Beguin € et al, Bioorganic & Medicinal Chemistry
Letters 16:4679-4685 (2006); Riley AP et al, J. Med. Chem. 57:10464-10475 (2014}, Hill 8] et
al, Nat Prod. Rep. BOL 10.1039/d0np00028k {2020). In other embodiments, the compounds are
syathestzed biosynthetically, e.g., in transgenic plants, veast or bacteria by methods known in the
art. See Jamieson C8 etal, Chem. Soc. Rev. DOL 10.1039/d1¢s00065a (2021); Kutrzeba L. et al,
Phvtochemistry 68:1872-1881 {2007}, and Pelot KA. et al | The Plant Journal 89:885-897 (2017}

[6082] Non-himiting examples of chemical synthesis methods are depicted in FIGS. 2-
11. Compounds of Formufae I, 1§ and HI (inchiding pharmaceutically acceptable salts thereof)
along with those described herein may be prepared in various ways. General synthetic routes for

preparing Formulae 1, 1§ and B (including pharmaceutically acceptable salts thereof) are shown
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and described herein along with some examples of starting matenials used to synthesize compounds
described herein. Non-limiting examples of chemical synthesis are depicted m FIGS. 2-11
Additionally, for the purpose of the general synthetic routes, the structures depicted are
appropriately protected, as known by one skilled in the art and the generic siructures are meant to
mnclude these protecting groups. The routes shown and described herein are illustrative only and
are not intended, nor are they to be construed, to limit the scope of the claims in any manner
whatsoever. Those skilled in the art will be able to recognize modifications of the disclosed
syntheses and to devise alternate routes based on the disclosures herein; all such modifications and
alternate routes are within the scope of the claims.

[6083] FIG. 2A depicts a synthetic route from starting compound Hagemann ester to
racemic O6C-20-nor-SalA. In the followmng description of FIGS. 2A and 2B, compounds 1-12
refer to the compounds labeled as such in FIGS. 2A and 2B. Hagemann ester 1 can be subjected
to a multi-component conjugate addition/alkylation reaction with cuprate formed from (4-({tert-
butyldimethyistlyiioxy tbutylymagnesium chloride followed by addition of acrolein to produce the
allylic alcohol 2. Elirnination of the alivlic alcohol of 2 can be accomplished by treatment with
methanesulfonyl chloride and an organic base to form the (R)-diene cyclohexane 3. Compound 3
can undergo deprotection of the silyl ether under acidic hydrolysis conditions to produce an
interruediate primary alcohol, which can be subjected to oxudation conditions to produce the
primary aldehyde 4. Cychzation of 4 under Koovenagel conditions followed by a thermal
equibibration process can produce the bicyche aldehyde 5 m which the ning junction
stereochemistry can be set. Pinnick oxidation of § can provide the carboxylic acid bicycle 6, which
can be subjected to oxidation conditions to provide a-ketoalcohol 7, 1n which the stereochemustry
can be defined as (R) at the €2 alcohol carbon. Acetoxylation of the alcohol n the presence of an
organic base under thermal conditions can produce a-acetoxy ketone 8 m which the
stereschemistry at the {2 position can be mverted. Heck reaction of the terminal alkene of 8 with
3-bromofuran can provide furanyi adduct 9, which can be subsequently converted to the B-
ketoester 16 with monomethyl malonate. Compound #0 can underge a Lewss acid-catalyzed
hydroalkylation cychization reaction to provide tricychic adduct 11, which can be subjected o
decarboxylation conditions to produce compound 12

[8084] FIG. 2B depicts a method for preparing the allylic alcohol 2 referred to in the

description of FI(G. ZA by Grignard reaction. Experimental data of the synthesis depicted in FIG.
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2B 1s included in Table 1. In Table 1, compounds H-1 to H-S refer to the compounds labeled as
such in FIG. 2B.

[B085] FIG. 3 depicts a method for preparing per-deuterated-acetyl Salvinorin A, The
conditions described in FIG. 3 do not hydrolyze the methyl ester or lactone core. The method
depicted 11 FIG. 3 can be adapted for any of the compounds described herein without undue
experimentation.

[B086] FIG. 4 depicts a synthetic route from O6C-20-nor-SalA to Q6C-20-nor-SalB.
In the following description, compounds 13 and 14 refer to the compounds labeled as such in FIG.
4. In a single step, O6C-20-nor-SalA (compound 13) can be deacetylated at room temperature to
form the secondary alcohol 06C-20-nor-8alB (compound 14). Experimental data of the described
synthesis i1s included in Table 1. Those skilled in the art would understand that compound 14 may
be used as an mtermediate to form various embodiments described herein.

[B087] FIG. SA depicts a synthetic route from Q6C-20-nor-8SalA to O-acylated
derivatives at the {2 position. O6C-20-nor-SalA can be deacetylated at room temperature to form
Q6C-20-nor-8alB. Ester formation can be achieved using activated ester reagents, for example,
acid chlorides and succinates and acyl anhydnides. Those skilled in the art would understand that
various chemical methods may be used to form various embodiments described berem. See
also, Bioorg. Med. Chem. Lett. 2004, 14, 5099; ] Med. Chem. 2005, 48, 4765, Bioorg. Med.
Cherm. Lett 20158, 25, 4689; Tetrahedron Lett. 2010, 51, 5207,

[6088] FIG. 5B shows an exemplary synthesis from 06C-20-nor-SalB to an G-acylated
compound referred to herein as Target 1. The hydroxyt group of 06C-20-nor-5alB {compound 14)
can be acylated with cinnamoyl chloride 1 the presence of an organic base to form the G-acylated
compound shown. Those skilled i the art would understand that various chemical methods may
be used to form various embodiments described herein. Expermmental data of the described
svuthesis 13 mnchuded in Table 1.

[6089] FIG. 5C shows an exemplary synthesis from O6C-20-norSalB to an G-acylated
compound referred to herein as Target X, The hydroxyi group of O6C-20-nor-8alB (compound
14) can be acylated with 2-thiocyanatoacetic acid in the presence of an acid activating agent and
an organic base to form the G-acylated compound shown,

{8090] FIG. SD shows a proposed synthesis from O6C-20-nor-8alB to a C2-ept-0-
acviated compound referred to herein as Target Y. The hydroxyl group of 06C-20-nor-SalB can

be epimerized and acylated to form C2-epi-G-acylated compounds.
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[6091] FIG. 6A shows a proposed synthesis from O6C-20-nor-SalB to various
embodiments described herein. The hydroxyl group of O6C-20-nor-SalB {compound 14) can be
alkylated to form O-alkylated compounds. Alkyl ether formation can be achieved using activated
alkane reagents, for example, alkvl halides and alkyl solfonates, or by using O-alkylation chemical
methods that those skilled in the art would understand to form various embodiments described
herein. Alkyl ether formation can be achieved using activated aryl reagents by using O-arviation
chemical methods known to those skilled in the art to form varicus embodiments described herein.

[6092] FIG. 6B shows an exemplary synthesis from O6C-20-nor-SalB to an O-
alkylated compound referred to herein as Target 3. The hvdroxyl group of O6C-20-nor-SalB
{compound 14) can be alkylated with methoxymethy! chloride to form the O-alkylated compound
shown. Those skilled in the art would understand that various chemical methods may be used to
form various embodiments described herein. Experimental data of the described synthesis is
mncluded in Table 1. See also, Bioorg. Med. Chem. Lett. 2005, 15, 3744, Bioorg. Med. Chem. Lett.
2012, 23, 1023: Bicors, Med. Chem. 2008, 16, 1279.

[B093] FIG. 7A depicts a proposed method for N-acylation of Q6C-20-nor-SalB to
various embodiments described herein. This method takes advantage of the double-inversion of
the stereochemustry at C2. The hydroxyl group of O6C-20~-nor-SalB can be replaced with a halide
with mversion of stereochemistry. The activated leaving group of the compound produced by the
previgus reaction can be displaced by a primary amine surrogate, agamn with mversion of
stereochemistry. Oue method may displace the activated leaving group with an azide reagent
followed by reduction to produce the primary amine shown. The amino group of the compound
can be acylated to form N-acylated compounds, which can be understood to be reaction
mtermediates as well as varous embodiments described herein. The anude compounds can be N-
alkylated to form N-acyl-N-alkyl compounds. Those skilled in the art would understand that
various chemical methods may be used at each step to form various embodiments described herein,
and that various changes could be made i the above methods and compositions without departing
from the scope of the present application. See also, Sharma et al,, Bioorg. Med. Chem. 18:68806
(2010}, Majer et al., Bioorg. Med. Chem. 22:256 (2014).

[B094] FI(z. 78 shows an exemplary synthesis from O6C-20-nor-SalB to an N-acylated
compound referred to herein as Target 7. The hydroxyi group of 06C-20-nor-SalB can be replaced
with a halide with inversion of stereschemustry. The activated leaving group of the compound

produced by the previous reaction can be displaced by a primary amine surrogate, again with
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mversion of stereochenmusiry, to produce a nitrogen-bound adduct with overall retention of
configuration from O6C-20-nor-SalB. The activated leaving group can be reacted with an azide
reagent followed by reduction to produce the primary amine shown in Figure 7B. The primary
amine group can be acviated to form N-acylated compounds, which can be understood to be
reaction intermediates as well as various embodiments described herein. Those skilled in the art
would understand that various chemical methods may be used at each step to form various
embodiments described herein, and that various changes could be made in the above methods and
compositions without departing from the scope of the present apphication. See also, §. Med. Chem.
2008, 51,2421

[BGOS] FIG. 7C shows an exemplary synthesis from O6C-20-nor-SalB to the
compound referred to herein as Target 6. The secondary alcchol group of O6C-20-nor-SalB can
undergo displacement with a carboxylic acid in the presence of a disubstituted azodicarboxylate
or similar reagent and a trisubstituted phosphine, or with similar reagent combinations. This
displacement can create an ester with inversion of configuration, and the adduct can subsequently
be hvdrolyzed to provide the secondary alcohol i whuch the alcohol stereochermistry has been
inverted. The alcohol can be activated by appending functionality to make it a leaving group, for
mstance, an alkyl or aryl sulfonate, followed by addition of a nitrogen nucleophie to produce a
secondary amine product in which the stereochemistry has again been nverted, with retention of
configuration for the process wmitiated with 06C-20-nor-SalB. In the two-step process, the
mtermediate sulfonate may be 1solated, or used in site for a second stage amunation. The amino
group of the compounds produced by this step can be understood to be reaction intermediates as
well as various embodiments described herein and can be alkylamines as well as arylamines. The
amine motety can be acylated to form N-acyb-N-substituted compounds. Those skilled 1 the art
would understand that various chemical methods may be used at each step to form various
embodiments described herein, and that various changes could be made i the above methods and
composiions without departing from the scope of the invention. See also, Bicorg. Med. Chem.
Lett. 2006, 16, 4679,

[8096] FIG. & depicts an additional proposed method for N-acylation of O6C-28-nor-
salvinorin B to various embodiments described herein.  The ornigmal Mitsunobu
mverston/hydrolysis procedure with 4-nitrobenzoic acid can produce a Salvinorin B epimer, which

can undergo a second inversion through a Mitsunobu amination with DPPA/Staudinger aznide
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reduction two-step protocol to prepare C2-amino-Salvinorin A. These methods can be adapted for
any of the compounds described herein without undue experimentation.

{6097} FIG. 9A shows a synthesis of the compound referred to herein as Target 21 In
the first line of FIG. 9A, the penultimate step of the synthesis of racemic 06C-20-nor-8alA s
shown. The e¢pimer i1dentified above can be isolated and then sebjected to decarboxylation
conditions to produce Target 21, Experimental data of the final step of the synthesis of Target 21
as shown in the second line of FIG. 2A s included 1in Table 1.

[BOOR] FIG. 9B shows an alternative synthesis of the compound referred to herein as
Target 21. In the reaction, O6C-20-nor-SalA can be subjected to thermal conditions o epimerize
the C12 carbon to form Target 21 See also, Bioorg. Med. Chem. 2012, 20, 31004

{8099 FIG. 10 shows a proposed synthesis from O6C-20-nor-8alA to various
embodiments described herein. O6C-20-nor-8alA can be deacetylated to form O6C-20-nor-SalB.
06(-20-nor-8alB can be oxidized to the corresponding ketone, which exists largely in the enol
tautomer. In the example shown, copper{iilacetate can be used for the oxidation process. The
hydroxide group of the compound produced by the previous reaction can be selectively acvlated
to form various embodiments of multicyclic compounds described herein. See also, J. Med. Chem.
Lett. 2016, 59, 11027; ACS Chem, Neurosei, 2020, 11, 1781,

[6160] FIG. 11 shows a proposed synthesis from starting compound {S)-
glyceraldehyde acetonide to the shown multicychic compound. In the followng description,
compounds §-11 refer to the compounds labeled as such mn FIG 11 A dialkyl (3-dazo-2-
oxopropyliphosphonate reagent can react with the aldehyde {compound 1) under basic Bestmann-
Ohira conditions to produce the homologated alkyne compound 2. Homologated alkyne compound
2 can be acylated on the terminal alkyne carbon with an acyl halide or acyl anhydride and a strong
base to produce propargyl ketone compound 3. Propargyi ketone compound 3 can be subjected to
thermal Dhels-Alder conditions with methyl (E3-4-(insubstitutedsilyDoxypenta-2 4-diencate to
produce the cyclohexadiene silyl ether compound 4, which can undergo hydrolysis of the silyl
ether to produce the cyclohexene adduct compound 8. Cyclohexene adduct compound 8 can
undergo selective alkviation with a cuprate reagent, in this case lithium dimethylcuprate, to provide
cyclohexane compound 6 bearing a tetrasubstituted carbon at U3, Selective reduction of the ketone
functionality, as with the aluminum hydride reagent shown, can produce an intermediate secondary
alcohol alkoxide, which can undergo miramolecular acylation to produce bridged bicyelic product

compound 7. Hydrolysis of the acetonide moiety followed by selective reduction of the primary
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can produce a-hydroxyaldehyde compound 8 The aldehvde moiety of o-hydroxyaldehyde
compound 8 can be reacted with a Grignard reagent formed from 3-halofuran, preferably in the
presence of a Lewis acid, to produce diol compound 8. The diol compound 9 can be converted to
the cyclohexanone of compound 18 by a two-step process in which the secondary benzyhe-hke
alcohol can selectively undergo activation by treatment with a sulfony! halide reagent, after which
the corresponding sulfonate can be displaced by the enslate of the methyl ketone in an
mtramolecular ring-closing under basic conditions to produce ketone of compound 16, The ketone
of compound 19 can be acylated with an activated benzoic acid equivalent under basic conditions
to form an embodiment of the multicyclic compound described herein. Those skilled in the art
would understand that various changes could be made in the above methods and compositions

without departing from the scope of the invention.

ses and Methods of Treatment

{0101} Opioid receptors including KOR and MOR are G protein-coupled receptors that
are widely expressed throughout the central nervous system and bram, where they modulate a
range of physiological processes including pain, inflammation, remyehination, stress response, and
mood. See Dalefield et al., “The Kappa Opioid Receptor: A Promising Therapeutic Target for
Multiple Pathologies” Froutiers 1n Pharm (2022) 13 Article 837671, Lagands in the endogenous
opiowd system, such as P-endorphin, enkephalins, and dynorphins, bind KOR and MOR and
modulate multiple biological responses in humans. KOR activation by agomists 1s coupled to the
G protem GvGo, which increases phosphodiesterase activity. Phosphodiesterases can break down
cAMP and produce an inhibitory effect in neurons. KORs can couple to mward-rectifier potassium
or N-type calcium ton channels. Some KOR agonists have been shown to be MOR agonists,

[6102] Both KOR and MOR have been mmplicated m the progression and prevention
of disease including, but not limted to, peripheral mflammation, neuromnflammation, blood
clotiing disorders, reduced blood flow, and substance use disorders. Classic opiotd analgesics, such
as morphine, act as a MOR agonist and are commonly used to treat moderate to severe acute pain
associated with inflammation and an array of cancers. KOR agonists are of interest due to their
non-addictive and anti-nociceptive properties, while dual KOR/MOR agonists, such as
Ehluixadoline, has been approved for the treatment of abdominal pain caused by irritable bowel
syndrome. Some dual KOR and MOR agonists have been shown to have reduced side effects

compared to Sal A, See Cichon et al, “Therapeutic Potential of Salvinorin A and fts Analogues in
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Various Neurological Disorders™ Trans! Perioper Pain Med (2022) 9(2}3:452-457. Inflamimation 1s
a common contributing factor to a host of human diseases including arthritis, asthma
atherosclerosis, cancer, neurodegenerative diseases, stroke, and traumatic braim mjury with
peripheral immune cell infiltration. Targeting KOR and MOR with non-addictive and anti-
nociceptive small molecoles is a viable approach that can mitigate pain and inflammation
associated with a disease and can mmprove the quality of life for those who suffer from these
conditions.

[6103] KOR agonists have been shown to treat pain, myocardial infarction, pruritus,
mflammation, edema, neuwroinflammation (including HIV-induced), emesis, stroke and other brain
mjuries, hvpoxic pulmonary hypertension, multiple sclerosis, substance use disorders (addiction),
and ostecarthriis.  See  Beck et al, “Therapeutic Potential of Kappa Opioid
Agonists” Pharmaceuticals (Basel) (2019)12(2):95. Additional indications can include treatment
of mood conditions {(such as siress, anxiety or depression}, Alzhemmer’s disease, cognitive
dysfunction, Parkinson’s Disease, Tourette’s Syndrome, immune-mediated diseases (such as
arthritis, inflanmmation, diseases associated with the overproduction of cytokines such as 11.-6, IL-
1 and TNF-a), atopic dermatitis, Gl disorders (such as oflaromatory bowel disease (Crohu’s,
Ulcerative Colitis) and irritable bowel syndrome (IBS})), cancers (such as those mvolving the
expression of vascular EGFR-2), hypoxia, 1schenua, and cardiac dysfunction. See Dalefield et al,
“The Kappa Opioid Receptor: A Promising Therapeutic Target for Multiple Pathologies” Frontiers
m Pharm (2022} 13:Article 837671, KOR agonists can have been shown o treat acute kidney
mypury, such as renal ischemia~-reperfusion myury. See Liu et al., “Kappa-opiod receptor agonist
U30448H protects agamnst renal 1schemua-reperfusion ijury in rats via activating the PI3K/Akt
signaling pathway” Act Pharmacologica Simca (20183 39:97-106. KOR agonists can have been
shown to treat cerebral artery dysfunction and constriction {such as pulmonary hypertension or
cercbhral vasospasm) via activation of nitric oxide synthase adenosine triphosphate-sensitive
potassium channel. See Su et al, “Salvinorin A Produces Cerebrovasodilation through Activation
of Nitric Oxide Synthase, k Receptor, and Adenosine Triphosphate-sensitive Potassium Channel”
Anesthesiology {2011} 114(2):374-479 and Su et al, “Salvinonin A pretreatment preserves
cerebrovascular autoregulation after brain hypoxic/ischemic injury via extracellular signal-
regulated kinase/mitogen-activated protein kinase i piglets” (2012} 114(13:208-204.

[104] Compounds can vary in their ability to be a KOR agonist and MOR agonist

compared to Salvinorin A. As used herein, the term “stronger” in relation to Salvinorin A means
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having a higher affinity to a target receptor than Salvinorin A and/or having higher efficacy at
producing a biological response upon binding to a target receptor than Salvinorin A In some
embodiments, a compound described herein, or a pharmaceutically acceptable salt thereof, can be
a stronger KOR agomst than Salvinorin A, In some embodiments, a compound described herein,
or a pharmaceutically acceptable salt thereof, can be a stronger MOR agonist than Salvinorin A
In some embodiments, a compound described herein, or a pharmaceutically acceptable salt thereof,
can be a stronger MOR agonist and KOR agonist than Salvinorin A, In some embodiments, a
compound described herein, or a pharmaceutically acceptable salt thereof, can have substantial
MOR agonist activity compared to Salvinorin A, In some embodiments, a compound described
herein, or a pharmaceutically acceptable salt thereof, can have substantial KOR agonist activity
compared to Salvinorin A, As used herein, “substantial” agonist activity 5 where a compound
described herein, or a pharmaceutically acceptable salt thereof, has agonist activity that 15 25%,
30%, 35%, 40%, 45%, 50%, 559, 60%, 65%, 70%, 75% or greater than 75% than the compound
to which it is being compared, such as Salvinorin A In some embodiments, a compound described
herem, or a pharmaceutically acceptable salt thereof, can have similar or higher affiruty than
Salvinorin A and lower efficacy than Salvinorin A for MOR and/or KOR. Those skilled in the ant
would understand that the affinity and/or efficacy of a compound for MOR or KOR agonism can
be determined using methods known 1o the art, such as assays described herein.

[0105] Compounds can vary in their bias toward a G protein coupled receptor {GPCR)
mitiated pathway or a beta~-arrestin pathway. In some embodiments, the MOR signaling of a
compound described heremn, or a pharmaceutically acceptable salt thereof, can be blased toward a
GPCR mmtiated pathway. In other embodiments, the MOR signaling of a8 compound described
herein, or a pharmaceutically acceptable salt thereof, can be biased toward a beta-arrestin pathway.
In further embodiments, the MOR signabing of a compound described herein, or a
pharmaceutically acceptable salt thereof, can be balanced between a beta-arrestin and 3 GPCR
mitiated pathway. In other embodiments, the KOR signaling of a compound described herein, or
a pharmaceutically acceptable salt thereof, can be balanced between a beta-arrestin pathway and
GPCR initiated pathway. In still other embodiments, the KOR signaling of a compound described
heremn, or a pharmaceutically acceptable salt thereof, can be biased toward a GPCR initiated
pathway. In yet stil other embodiments, the KOR signaling of a compound described herein, or a

pharmaceutically acceptable salt thereof, can be biased toward a beta-arrestin pathway.
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[6106] Compounds can vary in their affinity (Ki) and efficacy (ECso) for KOR or MOR.
In some embodiments, a compound described herein, or a pharmaceutically acceptable salt thereof,
can have both high affinity and high efficacy for KOR and/or MOR. In other embodiments, a
compound described herein, or a pharmaceutically acceptable salt thereof, can have high affimty
but low efficacy for KOR and/or MOR. In still other embodiments, a compound described herein,
or a pharmaceutically acceptable salt thereof, can have low affinity but hugh efficacy for KOR
and/or MOR. Methods for determining affinity and efficacy are known to those skilled in the art.
Inn some embodiments of this paragraph, the affinity and efficacy of a compound described heremn,
or a pharmaceutically acceptable salt thereof, 1s compared to Salvinorin A using a method known
to those skilled in the art.

(0187} Some embodiments described herein relate to a method for treating a subject
having a disease or disorder described herein that can include administering an effective amount
of a compound described herein (such as a compound of Formula ¥, Formula ¥, and/or Formula
HE, or a pharmaceutically acceptable salt of any of the foregoing) or a pharmaceutical composition
that includes a compound described herein {such as a compound of Formula E, Formula T, and/or
Formula T or a pharmaceutically acceptable salt of any of the foregoing) to the subject to
alleviate at least one sympiom of the disease or disorder (such as 1, 2 or 3 symptoms). Other
embodiments described herein relate to the use of an effective amount of a compound described
herein (such as a compound of Formula I, Formula I, and/or Formula I, or a pharmaceutically
acceptable salt of any of the foregoing) or a pharmaceutical composition that inchudes a compound
described herein (such as a compound of Fornmida ¥, Formula IE and/or Formula HI, or a
pharmaceutically acceptable salt of any of the foregomg) in the manufacture of a medicament for
treating a disease or disorder described heremn. Still other embodiments described herein relate to
an effective amount of a compound described herein {such as a compound of Formula §, Formula
I, and/or Formula 1if, or a pharmaceutically acceptable salt of any of the foregomng) or a
pharmaceutical compostion that includes a compound described herein (such as a compound of
Formula §, Formula H, and/or Formula 11, or a pharmaceutically accepiable salt of any of the
foregomge) for treating a disease or condition described herein.

[3168] Some embodiments described herein relate to a method for treating a subject
having a disease or disorder described herein that can include contacting a KOR and/or a MOR
receptor in a subject with an effective amount of a compound described herein (such as a

compound of Formula I, Formula i, and/or Formula HE, or a pharmaceutically acceptable salt of
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any of the foregoing). Other embodiments described herein relate to the use of an effective amount
of a compound described herein (such as a compound of Formula L, Formula 8, and/or Formula
{#f, or a pharmaceutically acceptable salt of any of the foregoing) m the manufacture of a
medicament for contacting a KOR and/or a MOR receptor 1 a subject having a disease or disorder
described herein. Still other embodiments described herein relate to an effective amount of a
compound described herein (such as a compound of Formula §, Formuda H, and/or Formula 1B
or a pharmaceutically acceptable salt of any of the foregoing) for contacting a KOR and/or a MOR
recepior in a subject having a disease or disorder described herein.

[010%9 Some embodiments described herein relate to a method for ameliorating one or
more symptom {such as 1, 2 or 3 symptoms} of a disease or disorder described herein that can
include administering an effective amount of a compound described herein (such as a compound
of Formula I, Formula ¥, and/or Formula HH, or a pharmaceutically acceptable salt of any of the
foregoing) to a subject suffering from the disease or disorder; and can also include contacting a
KOR and/or a MOR receptor with an effective amount of a compound described herein {(suchas a
compound of Formula I, Formula i, and/or Formula HE, or a pharmaceutically acceptable salt of
any of the foregoing). Other embodiments described herein relate to the use of an effective amount
of a compound described herein (such as a compound of Formula I, Formula ¥, and/or Formula
HE, or a pharmaceutically acceptable salt of any of the foregomg) in the manufacture of a
medicament for ameliorating one or more symptom {(such as 1, 2 or 3 symptoms) of a disease or
disorder described heremn; or, 1n the manufacture of a medicament for ameliorating one or more
symptom {such as 1, 2 or 3 symptoms) of a disease or disorder described herein, wheremn the use
comprises contacting a KOR and/or a MOR receptor with the medicament. Stlf other
embodiments described heremn relate to an effective amount of a compound described heren (such
as a compound of Formula §, Formula H, and/or Formula I, or a pharmaceutically acceptable
salt of any of the foregoing) for ameliorating one or more symptom {such as 1, 2 or 3 symptoms)
of a disease or disorder described herein by contacting a KOR and/or a MOR receptor.

(6110 In some embodiments, the compounds described herein may be used to treat or
mhubit any disease or disorder or side effect of a drug that can be treated with a KOR agonist and/or
MOR agonist. In some embodiments, the disease or disorder or side effect can be selected from
stroke, ischemia, hypoxia, hvpoxic-ischemic encephalopathy, Raynaud's disease, Alzheimer’s
disease, migraines, headaches, pain, myocardial infarction, cardiac arrest, acute respiratory distress

syndrome, acute lung injury, conditions associated with pruritus, at risk for or experiencing excess
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or inappropriate clot formation, inflammation, conditions associated with inflammation, edema,
conditions associated with edema, HIV-induced neuroinflammation, emesis, conditions associated
with emesis, hemorrhage, interstitial lung disease, hemorrhagic stroke, ischemic stroke, diseases
associated with induction of anesthesia including spine injury and neural mmjury, spinal mjury,
neural injury, hypoxic pulmonary hypertension, multiple sclerosis, addiction or substance use
disorder, post-traumatic cartilage regeneration, a psychiatric disorder, a mood disorder, mania,
bipolar disorder, an autism spectrum disorder, trnitable bowel disease, a circulatory disease or
disorder, a cardiac disease, a brain disease or injury, traumatic brain injury, chronic traumatic
encephalopathy, aneurysm, a pulmonary disease or disorder, a spinal cord disease or disorder, a
disease related to dopanune, intestinal motility including diarrhea, rheumatism, obesity, stress,
cognitive impairment, reduction in side effects related to chemotherapy or apoptosis or another
type of programmed cell death (for example, PANoptosis, pyroptosis, etc.} that was promoted or
mnduced by drugs or a disease or a disorder, epilepsy, seizures, diuresis, cerebral edema,
mtracerebral hemorrhage, subarachnoid hemorrhage, intraventricular hemorrhage, dementia,
allergic disease, asthma, a respiratory virus infection or one or more complications from a
respiratory virus mfection, meluding but not limued to a coronavirus, for example COVID-19
{e.g., damage to organs or vasculature from endothehal cell damage), chronic pruritus including
but not birtted to cancer related pruritus, brachioradial prusitus, post herpetic pruritus, aguagenic
prurifus, uremic pruritus prurigo nodularis, idiopathic pruritus, urticaria neuropathic pruritus,
pruritus induced by multiple sclerosis, HIV protease inhibitor, hepatitis C chemotherapy, burn,
chronic curhosis, atopic dermatitis, hchen simplex chronicus, psoriasis, primary sclerosing
cholangitis, Hodgkin's lymphoma, psychiatric causes, primary biliary cholangitis or polyeythena
vera, chronic cough, ncluding refractory chronic cough and chronic cough caused by COPD,
emphysema, chronic bronchitis, GERD, heart failure, 1diopathic nonspecific interstitial
pneamonia, bronchiectasis, hyper-sensttivity pneumonitis, asthma, lung cancer, idiopathic
pulmonary fibrosis, unclassified idiopathic mterstitial pneumonia, astoimmune mterstitial hing
disease, other interstitial lung diseases {(e.g., sarcotdosis), post-nasal drip or tobacco smoke /usage.
In specific embodiments, the disease or disorder 1s allergic rhinitis {See Shou et al., FEBS Open
Bio 11:2166-2173 {2021)), diseases caused by disruption of endothelial mitochondrial function
{(See Dong et al., Exp. Neurology 322:113045 (2019)) including a disease that causes endothelial
damage, dysfunction or apoptosis or another type of programmed cell death {(PANoptosis,

pyroptosis, eic.), vascular damage, vasoplegia or conditions associated with vasoplegia,
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mflammation, pneumonia, myocardial injury or damage (including but not himited to myocardial
ischemia, mvocardial infarction, and myocarditis), constriction of blood vessels, macrophage and
or neutrophil infiltration, and vascular disease caused by a respiratory virus such as COVID-19. In
some embodiments, the disease 1s allergic rhinttis, a disease caused by disruption of endothelial
mitochondrial function including vascular disease caused by a respiratory virus such as COVID-
19, or asthma or another allergic disease (See Siddiqi et al., Trends in Cardiovascular Medicine
31:1-5 (2021)), or asthma and other allergic diseases (See Rosst et al, Front. Pharmacol 7:525
(2017)).

6111} Where the disease or disorder is COVID-19, particularly when the subject 15 at
high risk {See, e.g., cde gov/coronavirus/201 9-ncov/need-extra-precautions/people-with-medical-
conditions html), has an O2 saturation of <95% or has shortness of breath, a compound described
herein, or a pharmaceutically acceptable salt thereof, can be co-administered with other COVID-
19 therapeutics, including, but not hmited to, Paxlovid (Numatrelvir), molnupiravir,
dexamethasone, remdesivir, convalescent plasma, monoclonal antibodies to treat COVID or
another respiratory virus {e.g., sotrovimab, bamlaniviroab, etesevimab, Casirivirnab, imdevimab),
fluvoxamune, and redications for subjects in the hosputal, on oxygen, or intubated on a ventilator
{e.g, benzodiazepines, propofol, dexmedetomidine, other sedatives, fentanyl or other pawnn
controllers).

[6112] Some embodiments described herein relate to a method for activating a KOR
and/or a MOR receptor that can mclude contacting a cell with an effective amount of a compound
described herein (such as a compound of Fornmida I, Formula IE and/or Formula HI, or a
pharmaceutically acceptable salt of any of the foregomg). Other embodiments described herein
relate to the use of an effective amount of a compound described herein (such as a compound of
Formula I, Formula I§, and/or Formula IH, or a pharmaceutically acceptable salt of any of the
foregomg} n the manufacture of a medicament for activating a KOR and/or a MOR receptor ina
cell. Still other embodiments deseribed heremn relate to an effective amount of a compound
described herein {such as a compound of Formula I, Formula I and/or Formula I, or a
pharmaceutically acceptable salt of any of the foregoing} for activating a KOR and/or a MOR
receptor in a cell.

[6113] Some embodiments described herein relate to a method for modulating the
activity of a KOR and/or a MOR receptor that can mclude contacting a cell with an effective

amount of a compound described herem {such as a compound of Formula §, Formula I, and/or
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Formula I, or a pharmaceutically acceptable salt of any of the foregoing}. Other embodiments
described heremn relate to the use of an effective amount of a compound described herein (such as
a compound of Formula §, Formula H, and/or Formula Hi, or a pharmaceutically acceptable salt
of any of the foregoing} in the manufacture of a medicament for modulating the activity of a KOR
and/or a MOR receptor in a cell. Sull other embodiments described herein relate to an effective
amount of a compound described herem (such as a compound of Formula §, Formula §, and/or
Formule Hi, or a pharmaceutically acceptable salt of any of the foregoing) for modulating the
activity of a KOR and/or a MOR receptor in a cell.

0114} In some embodiments, more than one of the compounds described herein
{including a pharmaceutically acceptable salt thereof), e g., at least two compounds from Formula
I, or a pharmaceutically acceptable salt thereof, at least two compounds from Formula H, or a
pharmaceutically acceptable salt thereof, at least two compounds from Formula I, or a
pharmaceutically acceptable salt thereof, or at least two compounds from Formula ¥, Formula K,
or Formula H, or a pharmaceutically acceptable salt thereof, can be administered to a subject.

[0115] As used herein, a “subject” refers to an anumal that 15 the object of treatment,
observation or experunent. “Ammal” includes cold- and warm-blooded vertebrates and
mvertebrates such as fish, shelifish, reptiles and, n particular, mammals, “Mammal” mcludes,
without liroitation, mice, rats, rabbits, guinea pigs, dogs, cats, sheep, goats, cows, horses, primates,
such as monkeys, chimpanzees, and apes, and, o particular, humans. In some embodiments, the
subject can be human. In some embodiments, the subject can be a child and/or an mfant. In other

embodiments, the subject can be an adult.

29 ¢ 22 4¢

[6116] As used herein, the terms “treat” “treating,” “ireatment,” “therapeutic,” and
“therapy” do not necessarily mean total cure or abolition of the disease or condition. Any
alleviation of any undesired signs or symptoms of the disease or condition, to any extent can be
considered treatment and/or therapy. Furthermore, treatment may mclude acts that may worsen the
subject’s overall feeling of well-being or appearance.

(6117} The term “effective amount” is used to indicate an amount of an active
compound, of pharmaceutical agent, that elicits the biological or medicinal response indicated. For
example, an effective amount of compound, salt or composition can be the amount needed to
prevent, alleviate or ameliorate symptoms of the disease or condition, or prolong the survival of

the subject being treated. This response may occur in a tssue, system, amimal or human and

mcludes alleviation of the signs or sympioms of the disease or condition being treated.
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Determination of an effective amount is well within the capability of those skilled in the art, in
view of the disclosure provided herein. The effective amount of the compounds disclosed herein
required as a dose will depend on the route of admunistration, the type of amimal, including human,
being treated and the physical characteristics of the specific animal under consideration. The dose
can be tatlored to achieve a desired effect, but will depend on such factors as weight, diet,
concurrent medication and other factors which those skilled in the medical arts will recognize.

[611§] For example, an effective amount of a compound 1s the amount that results
{(a} the reduction, alleviation or disappearance of one or more symptoms caused by the disease or
disorder, {b) the elimination of the disease or disorder, and/or {c) long-term stabilization of the
disease or disorder.

(0119 The amount of the compound of Formula I, Formula 1§, or Formula Hi, or a
pharmaceutically acceptable salt thereof, required for use in treatment will vary not only with the
particular compound or salt selected but also with the route of admunistration, the nature and/or
symptoms of the disease or condition being treated and the age and condition of the subject and
will be ultimately at the discretion of the attendant physician or cliucian. In cases of administration
of a pharmaceutically acceptable salt, dosages may be calculated as the free base. As will be
understood by those of skill in the art, 10 certam situations it may be necessary to administer the
compounds disclosed herein m amounts that exceed, or even far exceed, the dosage ranges
described heremn in order to effectively and aggressively treat particularly aggressive diseases or
conditions.

[128] As will be readily apparent to one skilled 10 the art, the useful iz vive dosage to
be admuustered and the particular mode of admunistration will vary depending upon the age,
weaght, the sevenity of the afflichion, the mammalian species treated, the particular compounds
employed and the specific use for which these compounds are employed. The determination of
effective dosage levels, which 15 the dosage levels necessary to achieve the desired result, can be
accomplished by one skilled n the art using routine methods, for example, human chincal tnals,
in vivo studies and in vitro studies. For example, useful dosages of a compound of Formuia f,
Formula £, or Formula 1§, or pharmaceutically acceptable salts thereof, can be determined by
compasing thewr in vifro activity and in vive activity in amimal models. Such comparison can be
done by comparison against an established compound, such as Salvinorin A

(6121} Dosage amount and interval may be adjusted individually to provide plasma

levels of the active moiety which are sufficient to maintain the modulating effects, or minimal
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effective concentration (MEC). The MEC will vary for each compound but can be estimated from
in vivo and/or in vitro data. Dosages necessary to achieve the MEC will depend on individual
characteristics and route of administration. However, HPLC assays or bioassays can be used to
determine plasma concentrations. Dosage intervals can also be determined using MEC value
Compositions should be administered using a regimen which maintains plasma levels above the
MEC for 10-90% of the time, preferably between 30-90% and most preferably between 50-90%.
In cases of local administration or selective uptake, the effective local concentration of the drug
may not be related to plasma concentration.

(6122} It should be noted that the attending physician would know how to and when to
terminate, interrupt or adjust administration due to toxicity or organ dysfunctions. Conversely, the
attending physician would also know to adjust treatment to higher levels if the clinical response
were not adequate (precluding toxicity). The magnitude of an adnumistrated dose in the
management of the disorder of interest will vary with the severity of the disease or condition to be
treated and to the route of adnunistration. The severity of the disease or condition may, for
example, be evaluated, in part, by standard prognostic evaluation methods. Further, the dose and
perhaps dose frequency, will also vary according to the age, body weight and response of the
mdividual subject. A program comparable to that discussed above mway be used n veterivary

medicine.

Defuutions

[6123] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as 18 commonly understood by one of ordinary skill in the art. All patents,
applications, published applications and other publications referenced herein are incorporated by
reference in their entirety unless stated otherwise. In the event that there are a plurality of
definitions for a term herein, those in this section prevail unless stated otherwise.

[6124] As used herein, "Cato Cu™ in which "a" and "b" are mtegers refer to the number

§ o 1

of carbon atoms 10 a group. The mdicated group can contan from "a" to "b", mclusive, carbon
atoms. Thus, for example, a "C1 to Ca alkyl” group refers to all alkyl groups having from 1 to 4
carbons, that s, (Hs-, CH3CHz-, CH;CHCHp-,  (CH3pCH-,  CHCHRCHCHa-
CH3CH2CH(CHa)- and (CHak{C- If no "a" and "b" are designated, the broadest range described in

these definitions is to be assumed.
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[6125] As used herein, the term "alkyi" refers to a fully saturated aliphatic hydrocarbon
eroup. The alkyvl moiety may be branched or straight chain. Examples of branched alkyl groups
include, but are not himited o, 1so-propyl, sec-butyl, t-butyl and the like. Examples of straight
chain alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-
hexvl, n-heptyl and the like. The allcyl group may have 1 to 30 carbon atoms {whenever it appears
herein, a numerical range such as "1 to 30" refers to each integer in the given range; eg., "1 10 30
carbon atoms" means that the alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3 carbon
atoms, etc., up to and including 30 carbon atorns, although the present definition also covers the
occurrence of the term "alkyl" where no numerical range s designated. The alkyl group may also
be a medium size alkyl having 1 to 12 carbon atoms. The alky! group could also be a lower alkyl
having 1 to & carbon atoms. An alkyl group may be substituted or unsubstituted.

[0126] As used herein, the term "methyl" refers to a -CHs group. Those skilled in the
art understand that methyl can be abbreviated as Me.

[6127] As used herein, "cycloalkyl” refers to a completely saturated {no double or triple
bonds) mono- or multi-cyclic hydrocarbon ring system. When composed of two or more rings, the
rings may be joined together n a fused, bridged or spiro fashion. As used herein, the term "fused”
refers to two rings which have two atoms and one bond n comumon. As used herein, the term
"bridged cvcloalkyl" refers to compounds wherein the cycloalkyl contains a linkage of one or more
atoms connecting non-adjacent atoms. As used herein, the term "spiro” refers to two rings which
have one atom in common and the two rings are not linked by a3 bridge. Cycloalkyl groups can
contain 3 to 30 atoms i the ring{s}, 3 to 20 atoms 10 the ring(s), 3 to 10 atoms n the ring{s), 3 to
8 atoms 10 the ring{s) or 3 to 6 atoms n the ring(s). A cycloalkyl group may be unsubstituted or
substitated. Typical mono-cycloalkyl groups include, but are in no way limuted to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclobeptyl, and cyclooctyl Examples of fused eycloalkyl
groups are decahydronaphthaleny], dodecabydro-IH-phenaleny! and tetradecahydroanthracenyl;
examples of bridged cycloalkyl groups are bicyclofl 1 Hpentyl, adamantanyl, and norbornanyl; and
examples of spiro cvcloalkyl groups include spiro{3.3heptane and spiro{4. 5]decane.

[6128] As used herein, "aryl" refers to a carbocyclic {all carbon) monocyclic or
multicyclic aromatic ring system {(including fused ring systems where two carbocyclic rings share
a chemical bond} that has a fully delocalized pi-electron system throughout all the rings. The

number of carbon atoms n an aryl group can vary. For example, the aryl group can be 3 Ce-Cun4
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aryl group, a Ce-Cio aryl group, or a Cs aryl group. Examples of aryl groups imclude, but are not
fimited to, benzene, naphthalene and azulene. An aryl group may be substituted or unsubstituted.

[6129] As used herein, "hetercaryl” refers to a monocyclic or multicyclic aromatic ring
system {a ring system with fully delocalized pi-electron system) that contain{s} one or more
heteroatoms {(for example, 1, 2 or 3 hetercatoms)}, that 1s, an element other than carbon, including
but not limited to, mitrogen (N}, oxygen (O} and sulfur {8}, The number of atoms in the ring{s} of
a heteroaryi group can vary. For example, the hetercaryl group can contain 4 to 14 atoms 1in the
ring(s), 5 to 10 atoms in the ring{s} or S to 6 atoms in the ring{s}. Furthermore, the term "hetercaryl"
mncludes fused ring systems where two rings, such as at least one aryl ring and at least one
hetercaryl ring, or at least two heteroaryl rings, share at least one chemical bond. Examples of
heteroaryl rings include, but are not limited to, furan, furazan, thiophene, benzothiophene,
phthalazine, pyrrole, oxazole, benzoxazole, 1,2 3-oxadiazole, 1,2 4-oxadiazole, thiazole, 1,2.3-
thiadiazole, 1,2 4-thiadiazole, benzothiazole, imidazole, benzimidazole, indole, indazole,
pyrazole, benzopyrazole, isoxazole, benzoisoxazole, isothiazole, triazole, benzotriazole,
thiadiazole, tetrazole, pyridine, pyridazine, pynmidine, pyrazine, purine, pteridine, gumnoline,
isoquinoline, guinazohne, gquinoxaline, cinnobine and triazine. A heteroaryl group may be
substituted or unsubstituted.

[0130] As used herein, "heterocyclyl” refers to three-, four-, five-, six-, seven-, eight-,
nine-, ten-, up to 18-membered monocyclic, bicyclic and tricyclic ring systern wherein carbon
atoms together with from 1 to 5 heteroatoms constitute said ring system. A heterocyele may
optionally contain one or more unsaturated bonds situated in sach a way, however, that a fully
delocalized pr-electron system does not occur throughout all the rings. The heteroatom(s) 1s an
element other than carbon mcluding, but not hmited to, oxygen, sulfur and nitrogen. A heterocycle
may further contain one or more carbonyl functionalities, so as to make the definition include oxo-
systems. When composed of two or more rings, the rings may be jomned together in a fused, bridged
or spiro fashion. As used herein, the term "fused” refers to two rings which have two atoms and
one bond in common. As used herein, the term "bridged heterocyclyl” refers to compounds
wherein the heterocyclyl contains a hinkage of one or more atoms conngcting non-adjacent atoms.
As used herein, the term "spiro” refers o two rings which have ong atom n common and the two
rings are not linked by a bridge. Heterocyclyl groups can contain 3 to 30 atoms in the ring(s}), 3 to
20 atoms m the ring{s), 3 to 10 atoms in the ring{s}, 3 to 8 atoms in the ring(s} or 3 to 6 atoms in

the ring{s}. Addstionally, any nitrogens in a heterocvelyl may be quaternized. Heterocvelyl groups
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may be unsubstituted or substituied. Examples of such "heterocychyl" groups include but are not
imited to, 1,3-dioxin, 1,3-dioxane, 1 4-dioxane, 1 2-dioxolane, 1,3-dioxolang, 1, 4-dioxolane, 1,3-
oxathiane, 1 4-oxathun, 1,3-oxathiclane, 1,3-dithiole, 1.3-dithiolane, 1 ,4-oxathiane, tetrahydro-
1,4-thiazine, 2H-12-oxazine, maleimide, succinimide, barbituric actd, thicbarbituric acid,
dioxopiperazine, hydantoin, dihvdrouracil, trioxane, hexahydro-1,3,5-triazine, 1midazohne,
imidazolidine, isoxazoline, isoxazolidine, oxazohne, oxazolidine, oxazohdinone, thiazoline,
thiazolidineg, morpholine, oxirane, piperidine N-Oxide, piperidine, piperazine, pyrrolidine,
azepane, pyrrolidone, pyrrolidione, 4-piperidone, pyrazoline, pyrazolidime, Z-oxopyrrolidine,
tetrahydropyran, 4H-pyran, tetrahvdrothiopyran, thiamorpholine, thiamorpholine sulfoxide,
thiamorpholine  sulfone and their benzo-fused analogs ({eg., benzinmidazolidinone,
tetrahydroguinoline and/or 3 4-methylenedioxyphenvl). Examples of spiro heterocyelyl groups
mclude Z-azaspuro[3.3}heptane, 2-oxaspiro{3 3lheptane, 2-oxa-G-azaspiro{3 3lheptane, 2,6-
diazaspiro[3.3Jheptane, Z-oxaspirof3.4]octane and 2-azaspiro{3 4]octane.

[6131] As used herein, the term "hydroxy" refers to an -OH group.

[0132] As used herein, "alkoxy" refers to the Formula -OR, wherein R 15 an alkyl, an
alkenyl, an alkynyl, a cycloalkyl, a cycloalkenyl, aryl, heteroaryl, heterocyelyl, cycloatkyi{alkyl},
aryl{alkyvl), hetercaryl{alkyl} or heterocyclyl{alkyl}y as defined herein. A non-liniting hist of
alkoxys are methoxy, ethoxy, n-propoxy, L-methylethoxy (isopropoxy), n-butoxy, 130-butoxy, sec-
butoxy, tert-butoxy, phenoxy and benzoxy. An alkoxy may be substituted or unsubstituted.

[6133] As used herein, the term “acetoxy” refers to an -OCOCH; group. Those skilied
m the art understand that acetoxy can be abbreviated AcQO or OAc,

[6134] As used herem, "acyl" refers to a hydrogen, alkyl, alkenyl, alkyvoyl, aryl
heteroaryl, heterocyclyl, aryl{alkyl), heteroaryi(alkyl}) and heterocyclyl{alkyly connected, as
substituents, via a carbonyi group. Examples inclade formyl, acetyl, propanoyl, benzoyl and acryl.
An acyl may be substituted or unsubstituted.

[6135] The term "halogen” as used herein means any one of the radio-stable atoms of
column 7 of the Periodic Table of the Elements, such as fluorine (F), chlorine {1}, bromine (Br)
and todine (1)

[3136] The term "ester” refers to a "-C{=0YOR" group in which R ¢an be hydrogen, an
alkyl, an alkenvl, an alkynyl, a cycloalkvi a cycloalkenyl, arvl hetercaryl, heterocycivi,
cycloalkyl{alkyl), arvi{alkyl}, hetercarvi{alkyl) or heterocyelyl{alkyl), as defined herein. An ester

may be substituted or unsubstituted.
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(6137} A "nitro" group refers to an “-NO2” group.

[3138] A "suffonvl" group refers to an "SGR group in which R can be hydrogen, an
alkyl, analkenvl analkynyl, a cycloalkyl, a cycloalkenyl, aryl, hetercaryl, heterocyclyl, cycloatkyl
{alkyh), arvl{alkyl), hetercarvl{alkyl) or heterocyclyl{alkyl} A sulfonyl may be substituted or
unsubstituted.

[3139] As used herein, "haloalkyl” refers to an alkyl group 1n which one or more of the
hydrogen atoms are replaced by a halogen (e g., mono-haloalkyl, di-haloalkyl and tri-haloaliyl).
Such groups include but are not limited to, chloromethyl, fluoromethyl, diflucromethyl,
trifluoromethyl, I-chioro-2-fluoromethyl and 2-fluoroisobutyl. A haloalkyl may be substituted or
unsubstituted.

0140} The term "amino” as used herein refers to a -INHz group.

[0141] A "mono-substituted amino” group refers to a "-NHR" group in which R can be
an alkyi an alkenvyl, an alkynyl, a cycloalkyl, a cycloalkenyl, arvi, hetercaryl, heterocyciyl,
cycloalkyl{alkyl}, aryi{alicyl), hetercaryi{alkyl) or heterocyclyi{alkyl), as defined herein. A mono-
substituted amino may be substituted or unsubstituted. Examples of monosubstituted amino groups
include but are not limited to -NH{methyl), -NH{phenyl} and the like,

[8142] A "di-substituted anuno” group refers to a "-NRuRz" group in which Ry and Rs
can be independently an alkyl, an alkenyl, analkyoyl, a cycloalkyl, a cycloalkenyl, arvl, hetercaryl,
heterocyelyl, cycloalkylalkyl), aryl{alkyl), heteroarvi{alkyl} or heterocyclyl{alkyl), as defined
herein. A di-substituted aming may be substituted or unsubstituted. Examples of di-substituted
arno groups mclude, but are not lumuted to, ~N{methyl)z, -N{phenyl{methyl}, -N{ethy{methyl)
and the hike.

[3143] Where the numbers of substituents 15 not specified {e.g., haloalkyl}, there may
be one or more substituents present. For example "haloalky!l" may melude one or more of the same
or different halogens.

[6144] It 15 understood that, m any compound described herein having one or more
chiral centers, if an absolute sterepochemistry is not expressly indicated, then each center may
independently be of R-configuration or S-configuration or a mixture thereof Thus, the compounds
provided herein may be enantiomerically pure, enantiomerically enriched, racemic mixture,
diastereomerically pure, diastereomerically enriched, or a steresisomeric mixture. In addition, it s
understood that, in any compound described herein having one or more double bond(s) generating

geometrical isomers that can be defined as E or Z, each double bond may independently be E or 2
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a mixture thereof. Likewise, it 1s understood that, in any compound described, all tautomeric forms
are also intended to be included.

[6145] It is to be understood that where compounds disclosed herein have unfifled
valencies, then the valencies are to be filled with hydrogens or isotopes thereof, e g, hydrogen-1
{protium} and hydrogen-2 {deuterium}.

[(146] It s understood that the compounds described herein can be labeled
isotopically. Substitution with isotopes such as deuterium may afford certain therapeutic
advantages resulting from greater metabolic stability, such as, for example, increased in viveo half-
iife or reduced dosage requirements. Bach chemical element as represented in a compound
structure may include any isotope of said element For example, in a compound structure a
hydrogen atom may be explicitly disclosed or understood to be present in the compound. At any
position of the compound that a hydrogen atom may be present, the hydrogen atom can be any
isotope of hydrogen, ncluding but not limited to hydrogen-1 {protium) and hydrogen-2
{deuterium}. Thus, reference herein to a compound encompasses all potential isotopic forms unless
the context clearly dictates otherwise.

[6147] It 13 understood that the methods and combinations described herein nchude
crystalline forms (also known as polymorphs, which mclude the different crystal packing
arrangements of the same elemental composition of a compound), amorphous phases, salts,
solvates, and hydrates. In some embodiments, the compounds described herein exist in solvated
forms with pharmaceutically acceptable solvents such as water, ethanol, or the like In other
embodiments, the compounds described heremn exist m unsolvated form. Solvates contam either
stoichiomeiric or non-stoichiometric amounts of a solvent and may be formed during the process
of crystallization with pharmaceutically acceptable solvents such as water, ethanol, or the hike.
Hydrates are formed when the solvent s water, or alcoholates are formed when the solvent 1s
alcobol. In addition, the compounds provided herein can exist in unsolvated as well as solvated
forms. In general, the solvated forms are considered equivalent to the unsolvated forms for the
purposes of the compounds and methods provided herein.

[8148] Where a range of values 1s provided, it 1s understood that the upper and lower
fimit, and each mtervening value between the upper and lower imit of the range is encompassed
within the embodimenis.

[6149] Terms and phrases used in this application, and variations thereof, especially in

the appended claims, unless otherwise expressly stated, should be construed as open ended as
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opposed to limiting. As examples of the foregomng, the term 'including' should be read to mean
'including, without hmitation, 'including but not limited to,' or the like; the term 'comprising’ as
used herein is synonymous with 'including,’ 'containing,’ or 'characterized by, and 18 inclusive or
open-ended and does not exclude additional, enrecited elements or method steps; the term 'having’
should be interpreted as 'having at least)’ the term 'includes’ should be interpreted as 'includes but
is not limited to;' the term ‘example’ is used to provide exemplary instances of the item in
discussion, not an exhaustive or limuting list thereof, and use of terms like ‘preferably,’ 'preferred
'desired,’ or 'desirable,’ and words of sinular meaning should not be understood as implying that
certain features are critical, essential, or even wmportant to the structure or function, but instead as
merely intended to highlight alternative or additional features that may or may not be utilized in a
particular embodiment. In addition, the term "comprising” 18 to be interpreted synonymously with
the phrases "having at least” or "including at least". When used in the context of a process, the
term "comprising” means that the process includes at least the recited steps but may include
additional steps. When used in the context of a compound, composition or device, the term
"comprising” means that the compound, composttion or device includes at least the recited features
or components but may also include additional features or components.

[8154] With respect to the use of substantially any plural and/or singular terros herein,
those having skill in the art can translate from the plural to the singular and/or from the singular to
the plural as 15 appropriate to the context and/or application. The varnous singular/plural

1 y 68

permutations may be expressly set forth herein for sake of clanity. The indefinite article "a" or "an"
does not exclude a plurality. The mere fact that certain measures are recited 1n mutually different
dependent claims does not mdicate that a combination of these measures cannot be used to

advantage. Any reference signs in the claims should not be construed as limiting the scope.
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EXAMPLES
[0151] Additional embodiments are disclosed in further detail in the following
examples, which are not 1 any way intended to limut the scope of the claims.

Table 1. Experimental Data of Synthesis

Starting

Material] Product Yield Comments

Amount
Synthesis of allylic alechol (FI1G, 2B}

4o H-2 H-3 Freshly activated Mg turnings, anhydrous THF generated; catalytig
1,2-dibromoethane (025 eq) added, reflux for 6 h Confirmed
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activity of Grignard reagent by reacting with benzaldehyde; desired

adduct formed.

20 g H-2 H-3 Freshly activated Mg turnings, anhydrous THF generated, catalytic

1, 2~dibromoethane (0.20 eq); stored at 0°C. Grignard reageny

cenerated (confirmed by benzaldehyde reaction),

20 g H-2 8BS mL of Freshly activated Mg turnings, anhydrous THF generated, catalvtio

Grignard reagent {1, 2-dibromoethane {015 eq) Starting matenial consumed/ Mg

(~0.SM) (H-3)  furnings consurmed,

1.0 g H-4250 mg H-5 ELSD-MS & H NMR consistent.

(10%) Grignard reagent (3 eq.) used.

45 g H-2 200 mL of Freshly activated Mg turnings, anhydrous THF generated, catalytic

Grignard reagent {1, 2-dibromo ethane (0.15 eq). Starting matenal consumed/ Mg

(~0.5M) (H-3)  furoings consumed.

11.0 g H-3.50 g H-5 (13%Purified by chromatography; consistent by FLSD-MS & H NMR
g'laiyses. Used 2 Grignard reagent (2 eq ), recovered S.0 g of H-4,

Synthesis of O6C-20-nor-SalB (FIG. 4)

10mg 2 mg (impure}  {{Jsed racemic material recovered from SFC punification; Correct mass
ion observed in UPLC-MS.
30mg 20 mg {crude} H NMR & UPLC-MS consistent.

Synthesis of Target 1 {FIG. 8B)

S mg ~3.5 mg Target TiCombined and purified by coluomn chromatography and then reversg
10 me phase chromatography; H NMR & UPLC-MS consistent,

Synthesis of Target 3 (FIG. 6B)
S mg 1-3.5 mg Target 3iCorrect mass ion observed in UPLC-MS of crude product.

Synthesis of Target 21 (FIG., 94)

1.7¢ 240 mg (12, Conditions: Toluene (200 vol), 60 C, 4.5 h: Purified by column
14%) chromatography; "H NMR and UPLC-MS consistent.
110 mg {12a,
5%%)

Experment 3.1

[6152] The ability of the compounds tested 1o act as a Kappa opiowd receptor (KOR)
agonst was evaluated using the DiscoverX cAMP Hunter eXpress KOR GPCR Agsay kit A
sammary of the compounds tested 15 provided m Table 2. The DiscoverX ¢cAMP Hunter eXpress
KOR GPCR Assay kit 15 designed to detect mhibition of 1ntracellular cyclic AMP {cAMP)
production m response (o agonist stimulation of the Kappa oproid receptor. cAMP production was
stimulated by treatment with a constant concentration of Forskolin in parallel with a concentration
response of Salvinorin A or the compounds being tested. Agomist binding to KOR 13 predicted to

mhibit the production of cAMP in a concentration-dependent manner. cAMP production was
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measured in the presence of varying concentrations of Salvinorin A or the compounds being tested
and used to determine the half maximal effective concentration (ECso) of each respective KOR

agonist.

Table 2. Compounds Submatted to Biological Testing

Mame Structure Sample No,

Salvinorin A NalA

O6C-20-nor-8al A racemic

) ALB-230937
maxture

E0,Me
A L R = *«? e 5 N >
(/z( 20-nor-8alA Enantiomer ALB-230036
e - - :
géﬁ 20-nor-SalA Enantiomer ALE230932

2-ep1-06(C-20-nor-SalA ALB-230935

- 04 -
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Name

Structure

sample No.

O6C-20-nor-Sal3

ALB-231274

Target 1

ALRB-231360

Target 3

ALB-231273

Target 21

ALRB-231936

(153

Agonist concentration responses werg performed in 96-well plate format using

the DiscoverX ¢cAMP Hunter eXpress KOR GPCR Assay kit. In this assay, 15 pM Forskolin was

sufficient to induce production of CAMP to a level that falls within the dynamic range of the kit-

provided standard curve. Both Salvinorin A and ALB-230937 effectively inhibited 100% of cAMP

-9
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production at the lowest concentration tested, 0.1 nM. Due to the high potency of both Salvinorin
A and ALB-230937, a definitive ECso could not be generated due to the lack of a complete dose-
response curve, but it can be reasoned that the ECso values for each agonist are <0.1 aM. ALB-
231360 had an ECse of ~4.6 uM. These results confirm that the DiscoverX cAMP Hunter eXpress
KOR GPCR Assay kit is functioning as designed and that ALB-230937 acts as a potent KOR

agonist.

Experment 3.2

[B154] The ability of Salvinorin A and the compounds tested to act as a Kappa opioid
receptor {KOR) agonist was evaluated using the DiscoverX cAMP Hunter eXpress KOR GPCR
Assay kit. The DiscoverX cAMP Hunter eXpress KOR GPCR Assay kit 15 designed to detect
mhibition of intracellular cychic AMP (CAMP) production in response to agonist stimulation of the
Kappa opioid receptor. cAMP production was stimulated by treatment with a constant
concentration of Forskolin in parallel with a concentration response of Salvinorin A or the
compounds being tested. Agomnist binding to KOR is predicted to inhibit the production of cAMP
in a concentration-dependent manner. cCAMP production was measured in the presence of varying
concentrations of Salvinorin A or the compounds being tested and used to determine the half
maximal effective concentration (ECso) of each respective KOR agomist.

[B158] Agonist concentration responses were performed mn 384-well plate format using
the DiscoverX cAMP Hunter eXpress KOR GPCR Assay kit The ioplementation of automated
fiquid handhing instrumentation such as the EchoS55, Mantis, MultiDrop, and BlueWasher
significantly mcreased the throughput of the assay kit in 384-well plate format. In this assay, 15
uM Forskolin was sufficient to induce production of cAMP to a level that falls within the dynamic
range of the kit-provided standard curve. Salvinorin A and the compounds being tested were tested
i concentration response m this assay. ECse values were estimated because of the plate handling
and negative control cross-contamimation issues. Despite the plate handling and control
contarmnation, the potency of Salvinorin A and ALB-230937 determined m experiment 3.2 were
consistent with the observations in experiment 3.1, and agonist concentration ranges were
confirmed for ali 8 analogs. All compounds had data points sufficient for generating ECso values,
outhined in Table 3.

[8156] As shown by the data in Table 3, compounds described herein are active in this

assay. In Table 3, “A” = ECso <1 oM, “B” = EUse > 1 oM and < 100 nM; “ 7 = ECso > 160 oM
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and < 1,000 nd; and “1¥ = ECse > 1,000 aM and < 10,000 oM. These results confirm that the
DiscoverX cAMP Hunter eXpress KOR GPCR Assay kit 1s functioning as designed and confirms
that ALB-230937 acts as potent KOR agomnist. From this assay, ALB-231273 and ALB-230936

are also shown to be potent KOR agonists, with estimated ECso values <0.1 nM.

Table 3. Results from Experiment 3.2

Sample No, ECsp Potency Score
SalA A
ALB-230937
ALB-230936
ALB-230932
ALB-230935
ALB-231274
ALB-231360
ALB-231273

=TT e

Experiment 3.3

(61587} The ability of Salvinorin A and the compounds tested 1o act as a Kappa opioid
receptor {KOR} agonist was evaluated using the DiscoverX cAMP Hunter eXpress KOR GPCR
Assay kit. The DiscoverX cAMP Hunter eXpress KOR GPCR Assay kit is designed to detect
mhibition of intracellular cyclic AMP (cAMP) production in response to agonist stimulation of the
Kappa opioid receptor. cAMP production was stimulated by treatment with a constant
concentration of Forskolin 1o parallel with a concentration response of Salvinorin A or the
compounds being tested. Agorst binding to KOR 1s predicted to inhubit the production of cAMP
in a concentration-dependent manner. cAMP production was measured in the presence of varying
concentrations of Salvinorin A or the compounds being tested and used to determine the half
maxiroal effective concentration (ECs0) of each respective KOR agomst,

[3188] Agonist concentrafion responses were performed 1n 384-well plate format using
the DhscoverX ¢c AMP Hunter eXpress KOR GPCR Assay kit The use of antomated hiquid handling
msirumentation such mcluding the Echo355, Mantis, MultiDrop, and BlueWasher was
mplemented to further mcrease the throughput of the assay kit m 384-well plate format. In this
assay, 15 uM Forskolin was again sufficient to induce production of cAMP to a level that falls
within the dynamic range of the kit-provided standard curve. Salvinorin A and the compounds
being tested were tested i concentration response n this assay. ECso values were calculated using

the positive and negative controls included in this assay. Potency of Salvinorin A and ALB-230937

-9
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in experiment 3.3 were consistent with ECse values generated in experiments 3.1 and 3.2, All
compounds had data points sufficient for generating ECse values, which are cutlined in Table 4.

[6159] As shown by the data in Table 4, compounds described herein are active in this
assay. In Table 3, “A” = ECso <1 oM, “B” = EUse > 1 oM and < 100 nM; “ 7 = ECso > 160 oM
and < 1,000 nd; and “1¥ = ECse > 1,000 aM and < 10,000 oM. These results confirm that the
DiscoverX cAMP Hunter eXpress KOR GPCR Assay kit 1s functioning as designed and confirms
that ALB-230937 act as a potent KOR agomst In addition, the data provided in Table 4
demonstrate that ALB-231273 and ALB-2309306 are also potent KOR agonists, with estimated
ECs¢ values < 0.1 nM.

Table 4. Results from Experiment 3.3

Sample No, ECs Potency Score

SalA A
ALB-230937 A
ALB-230936 A
ALB-230932 B
ALB-230935 B
ALB-231274 C
ALB-231360 D
ALB-231273 A
ALB-231933 A

[6169] Furthermore, although the foregoing has been described in some detail by way
of ilustrations and examples for purposes of clarity and understanding, it will be understood by
those of skill in the art that numerous and various modifications can be made without departing
from the spirit of the present disclosure. Therefore, it should be clearly understood that the forms
disclosed herein are illustrative only and are not intended to limit the scope of the present
disclosure, but rather to alse cover all modification and alternatives coming with the true scope

and spirit of the invention.

-G8 -



WO 2023/086580 PCT/US2022/049719

WHAT I8 CLAIMED IS
I A compound having Formula §, Formula 6, or Formula 1}, or a pharmaceutically

acceptable salt of any of the foregoing,

i it 1111

wherein;

Br,

e AN 5

R! s i

| , Or 5
R?is O or CHz;
R is Hor CHy,

/\\[rs“’\ /\ﬂ/ysvs: \ﬂ/yi

R* is selected from OH, 0 o .0
\\ /“’},f
\ \/D ‘f

P ffj O N/ MeC P
W ﬁﬁ N lgif N tgﬁf
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wherein R is G or S:
RO F, CL, or Br; and
each R is independently H, OMe, NOz, or CF;

R'iwHor

wherein when R?® is O, the bond represented by === is a double bond and when R® 1s OH
o
)l\\o
nf\fl\!\l‘ .
or ', the bond represented by === is a single bond;

R” is COxMe or CONH:
and NCS 1s N-chlorosuccimimide;
provided that at least one of the following conditions is met: R? is CHz or RV s H;

and

- 102 -
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provided that the compound 13 not selected from the group consisting of

, and
pharmaceutically acceptable salt of any of the foregoing.
2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, having

Formula La:

CO,Me

La

- 103 -
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3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

o} o}

s P S
[ aVa Vot [WaV oV oV ol
wherein R! is ] or f

4. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt
thereof, wherein R%1s O or CHa.

5. The compound of any one of claims 1 to 4, or a pharmaceutically acceptable salt
thereof, wherein R s H or CHs.

6. The compound of any one of claims 1 to 5, or a pharmaceutically acceptable salt

thereof, wherein R* comprises a halogen.

7. The compound of claim 6, or a pharmaceutically acceptable salt thereof, wherein

o O};&‘S

Br PN Nf;:s/\\ﬂ/ ~

R¥is o or o .
8. The compound of claim 7, or a pharmaceutically acceptable salt thereof, wherein

the compound is selected from:

0

COMe

COMe

- 104 -



WO 2023/086580 PCT/US2022/049719

G
Y

. S—" —

a

GO COMe

=
&

@

5,

Dz
P

COyMe 50, Me
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P

COMe CO,Me

o

w
Pt ----;
"

Me

CO,Me CoMe
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o
Ns:s/ﬁ[/

(e

Me i
CO,Me and CONie ., of a

>

pharmaceutically acceptable salt of any of the foregomng,

9. The compound of any one of claims 1 to §, or a pharmaceutically acceptable salt
thereof, wherein R* does not comprise a double bond.

10, The compound of claim 9, or a pharmaceutically acceptable salt thereof, wherein

NG N

R is selected fron: QH,

o, TR

It The compound of claim 10, or a pharmaceutically acceptable salt thereof, wherein

the comapound 15 selected fronu

COyMe
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COqMe COgMe

\\//E)v\

COMe

- 107 -



WO 2023/086580 PCT/US2022/049719

»]

.
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\

T
ont

¢

Me
COMe COMe

P
\\\
Me
CO.Me COlhe
3
e,
i / e
\\\
\/()\,‘ /U
C0zMe , and , Of &
pharmaceutically acceptable salt of any of the foregomng,
12. The compound of any one of claims 1 to §, or a pharmaceutically acceptable salt

thereof, wherein R* comprises an aromatic ring,
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-

13. The compound of claim 12, or a pharmaceutically acceptable salt thereof, wherein

R* is selected from:

and

14 The compound of claim 13, or a pharmaceutically acceptable salt thereof, wherein

the comapound 15 selected fronu

CO,Me COMe

COMe
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g

®

CO,Me , and COyMe , or a
pharmaceutically acceptable salt of any of the foregoing.

15 The compound of any one of claims 1 to §, or a pharmaceutically acceptable salt
thereof, wherein R* comprises at least one double bond and does not comprise an aromatic ring,
N, or S.

16. The compound of claim 15, or a pharmaceutically acceptable salt thereof, wherein

A .
R 1s selected from:

DG Sl Sl o s
e W J;f’ | |

,  and
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17. The compound of claim 10, or a pharmaceutically acceptable salt thereof, wherein

the compound 15 selected from:

COMe

-ii1-
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COMe GO Me . and

Eaie , of a pharmaceutically acceptable salt of any of the
foregomg.
I3 The compound of any one of claimas 1 to 5, or a pharmaceutically acceptable salt

thereof, wherein R* comprises at least one double bond and at least one atom selected from N and

2

19 The compound of claim 18, or a pharmaceutically acceptable salt thereof, wherein

R* 15 selected from:

-i12-
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20. The compound of claim 19, or a pharmaceutically acceptable salt thereof, wherein
/[-Q
P

i
J’\\
e
H
8]
H
//

e

the compound 15 selected from:

v}
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COuMe COMe

COMe

SOzMe COMe
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COoMe

COMe and

\
/

N
)’

EoMe , or a pharmaceutically acceptable salt of any of the

foregoing,
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2% The compound of claim 1, or a pharmaceutically acceptable salt thereof, having

Formula $a;

COMe
fia.
22. The compound of claim 21, or a pharmaceutically acceptable salt thereof, wherein
R* 15 Q or CHo.
23. The compound of claim 21 or 22, or a pharmaceutically acceptable salt thereof,
wherein R’ is H or CHa.
24 The compound of clatm 23, or a pharmaceutically acceptable salt thereof, wherein

the compound s selected from:

e}
O

L) [

O

: H

N . X Q
| G

I

and

. or a pharmaceutically acceptable salt of any of the foregoing.
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25. The compound of claim 1, or a pharmaceutically acceptable salt thereof, having

Formula §{ia:

O

iiLa
26. The compound of claim 25, or a pharmaceutically acceptable salt thereof, wherein
Q o
/ /
N

Rlis 1 or 1

27. The compound of claim 25 or 26, or a pharmaceutically acceptable salt thereof,
wherein R is O or CHa.

28. The compound of any one of clairas 25 to 27, or a pharmaceutically acceptable salt
thereof, wherein R 1s H or CHs.

29, The compound of claim 28, or a pharmaceutically acceptable salt thereof, wherein

the compound 1s selected from:
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, or a pharmaceutically acceptable salt of any of the
foregoimng.
30 The compound of claim 1, or a pharmaceutically acceptable salt thereof, having

Formula Lb, Formula ILb, or Formula HLb:
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4 HHTTD
S y
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PR 1IN

Lb iLb HLb

wherein:
Br,

/: //_/ j // \“‘ﬁ;“ Q\B" \\ Q

Q
T
Q
. O
2
T
4
2
nus””;
5
2
QT
)

Br

v

?
IH
4

SIS
: , OF

R?i5 O or CH;
R*is H or CH5;
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G

and

wherein R is O or §;
R®is F, Clor Br; and
each R' is independently H, OMe, NO3, or CFy;
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R7is Hor

O
NS

R O, , oF

G
/JJ\\»9
SRS

H
wherein when R® is O, the bond represented by ===
o

is a double bond and when R¥is ~ ¢

(VaVavaVe

or E

e JIO

o

R” is COxMe or CONH2; and
NCS 1s N-chlorosuccinimide; and

N
N - (".-" "y
. -~ A

5%,

OActs o}

provided that at least one of the following conditions 15 met: R® is CHz or R is H;
and

provided that the compound 13 not selected from the group

consisting of
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and
pharmaceutically acceptable salt thereof.
31 The compound of claim 30, or a pharmaceutically acceptable salt thereof, wherein

the compound is selected from:
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The compound of claim 30, or a pharmaceutically acceptable salt thereof, wherein
the compound 1s selected from:

[@1Hinn /
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, of a pharmaceutically acceptable salt of any of the
foregomg.

33. A pharmaceutical composttion comprising an effective amount of a compound of
any one of claims 1-32, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier, diluent, excipient or combination thereof

34. The pharmaceutical composition of claim 33, comprising at least two compounds

of Formula ¥, or a pharmaceutically acceptable salt thereof.
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35 The pharmaceutical composition of claim 33, comprising af least two compounds
of Formula ¥, or a pharmaceutically acceptable salt thereof

36 The pharmaceutical composition of claim 33, comprising at least one compound of
Formula 1 and at least one compound of Formula ¥i, or a pharmaceutically acceptable salt thereof.

37. A method for treating a disease or disorder that can be treated with a KOR agonist
or MOR agonist, comprising administering an effective amount of a compound of any one of
claims 1-32, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any
one of claims 33-36, to a subject having the disease or disorder.

38 A method for alleviating at least one symptom a disease or disorder that can be
treated with a KOR agonist or MOR agonist, comprising administering an effective amount of a
compound of any one of claims 1-32, or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition of any one of claims 33-36, to a subject having the diseases or
disorder.

39. A method for treating a subject having a disease or disorder that can be treated with
a KOR agonist or MOR agomist, comprising contacting a KOR or a MOR receptor with an effective
amount of a compound of any one of claims 1-32, or a pharmaceutically acceptable salt thereof,
or a pharmaceutical composition of any one of claims 33-36.

40, A method for alleviating at least one symptom a disease or disorder that can be
treated with a KOR agomst or MOR agonist, comprising contacting a KOR or a MOR receptor an
effective amount of a compound of any one of claims 1-32, or a pharmaceutically acceptable salt
thereof, or a pharmaceutical composition of any one of claims 33-36, to a subject having the
diseases or disorder.

41 The method of any one of Claims 37-40, wherein the disease or disorder 13 selected
from  stroke, 1schemia, hypoxia, hyvpoxic-ischemic encephalopathy, Raynaud's disease,
Alzhemmer’s disease, mugraines, headaches, pain, myoccardial mfarction, cardiac arrest, acute
respiratory distress syndrome, acute lung imjury, conditions associated with pruritus, at risk for or
experiencing excess of mappropriate clot formation, inflammation, conditions associated with
inflammation, edema, conditions associated with edema, HIV-induced nesuroinflammation,
emesis, conditions associated with emesis, hemorrhage, interstitial fung disease, hemorrhagic
stroke, 1schemic stroke, diseases associated with mduction of anesthesia incloding spine mjury and
neural myury, spinal injury, neural injury, hypoxic pulmonary hypertension, multiple sclerosis,

addiction, substance use disorder, post-traumatic cartilage regeneration, a psychiatric disorder, a
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mood disorder, mama, bipolar disorder, an autism spectrum disorder, irritable bowel disease, a
circulatory disease or disorder, a cardiac disease, a brain disease, a bramn injury, traumatic brain
mjury, chronic traumatic encephalopathy, aneurysm, a pulmonary disease or disorder, a spinal cord
disease or disorder, a disease related to dopanmune, intestinal motidity including diarrhea),
rheumatism, obesity, stress, cognitive impairment, reduction in side effects related to
chemotherapy or apoptosis or another type of programmed cell death (for example, PANoptosts,
pyroptosis, etc.) that was promoted or induced by drugs or a disease or a disorder, epilepsy,
seizures, diurests, cerebral edema, intracerebral hemorrhage, subarachnoid hemorrhage,
intraventricular hemorrhage, dementia, allergic disease, asthia, a respiratory virus infection,
complications from a respiratory virus infection, for example a coronavirus, for example COVID-
19 {e.g., damage to organs or vasculature from endothelial cell damage), chronic pruritus, cancer
related pruritus, brachioradial prurnitus, post herpetic pruritus, aquagenic pruritus, uremic pruritus
prurigo nodularis, idiopathic pruritus, urticaria neuropathic pruritus, and pruritus induced by
multiple sclerosis, HIV protease inhibitor, hepatitis € chemotherapy, burn, chronic cirrhosis,
atopic dermatitis, lichen simplex chronicus, psoriasis, prnimary sclerosing cholangitis, Hodgkin's
iymphoma, psychiatric causes, primary biliary cholangitis, polveythemia vera, chronic cough,
mcluding refractory chronic cough and chromie cough caused by COPD, emphysema, chronic
bronchitis, GERD, heart failure, idiopathic nonspecific interstitial pneumornia, bronchiectasis,
hyper-sensitivity pneumonitis, asthma, lung cancer, idiopathic pulmonary fibrosis, unclassified
iwdiopathic mterstitial pneumonia, autownmune interstitial hung disease, other interstitial hung
diseases {¢.g., sarcoidosis), post-nasal drip and tobacco smoke/usage.

42, The method of any one of Claims 37-40, wheremn the disease or disorder 15 selected
from allergic rhintis, asthma and other allergic diseases.

43, A method for activating a KOR and/or a MOR receptor comprising contacting a
KOR or a MOR receptor i a cell with an effective amount of a compound of any one of clamms 1-
32, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of
claims 33-36.

44 A method for modulating the activity of a KOR and/or a MOR recepior comprising
contacting a KOR or a MOR receptor in a cell with an effective amount of a compound of any one
of claims 1-32, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of

any one of claims 33-36.
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45 Use of an effective amount of a compound of any one of claims 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims
33-36, in the manufacture of a medicament for treating a disease or disorder that can be treated
with a KOR agonist or MOR agonist.

46 Use of an effective amount of a compound of any one of claims 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims
33-36, in the manufacture of a medicament for ameliorating one or more symptom of a disease or
disorder that can be treated with a KOR agonist or MOR agonist.

47. Use of an effective amount of a compound of any one of claims 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims
33-36, in the manufacture of a medicament for activating a KOR receptor or MOR receptor.

48 Use of an effective amount of a compound of any one of claims 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims
33-36, in the manufacture of a medicament for modulating the activity of a KOR receptor or MOR.
receptor.

49, An effective amount of a compound of any one of clavms 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims
33-36, for use in treating a disease or disorder that can be treated with a KOR agonist or MOR
agonist,

50. An effective amount of a compound of any one of claims 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims
33-36, for use i amehiorating one or more symptom of a disease or disorder that can be treated
with a KOR agomist or MOR agonist by contacting a KOR or a MOR receptor with the compound
or the pharmaceutical composition.

51 An effective amount of a compound of any one of claims 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims
33-36, for use activating a KOR receptor or MOR recepior.

52. An effective amount of a compound of any one of claims 1-32, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of any one of claims

33-36, for use activating a KOKR receptor or MOR receptor.
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