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SPIROCYCLIC HETEROCYCLIC DERIVATIVES AND METHODS OF THEIR
USE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial
No. 60/667,177, filed March 31, 2005, and U.S. Application Serial No. 11/393,133 filed
March 30, 2006, the disclosures of which are incorporated herein by reference in their

entireties.

FIELD OF THE INVENTION

[0002] The invention relates to spirocyclic heterocyclic derivatives (including
derivatives of spiro(2H-1-benzopyran-2,4’-piperidines), pharmaceutical compositions
containing these compounds, and methods for their pharmaceutical use. In certain
embodiments, the spirocyclic heterocyclic derivatives are ligands of the § opioid receptor
and are useful, inter alia, for treating and/or preventing pain, anxiety, gastrointestinal

disorders, and other § opioid receptor-mediated conditions.

BACKGROUND OF THE INVENTION

[0003] There are at least three different opioid receptors (i, 6 and K) that are
present in both central and peripheral nervous systems of many species, including
humans. Lord, J.A.H., et al., Nature, 1977, 267, 495. Activation of the § opioid receptors
induces analgesia in various animal models. Moulin, et al,, Pain, 1985, 23, 213. Some
work suggests that the analgesics working at 8 opioid receptors do not have the attendant

side effects associated with p and K opioid receptor activation. Galligan, et al., J. Pharm.

- Exp. Ther., 1985, 229, 641. The  opioid receptor has also been identified as having a

role in circulatory systems. Ligands for the 8 receptor have also been shown to possess
immunomodulatory activities. Dondio, et al., Exp. Opin. Ther. Patents, 1997, 10, 1075.
Further, selective 8 opioid receptor agonists have been shown to promote organ and cell
survival. Su, T-P, Journal of Biomedical Science, 2000, 9(3), 195-199. Ligands for the &
opioid receptor may therefore find potential use as analgesics, as antihypertensive agents,

as immunomodulatory agents, and/or agents for the treatment of cardiac disorders.
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[0004]  Numerous selective & opioid ligands are peptidic in nature and thus are

- unsuitable for administration by systemic routes. Several non-peptidic & opioid receptor

ligands have been developed. See, for example, E. J. Bilsky, et al., Journal of Pharmacology
and Experimental Therapeutics, 1995, 273(1), 359-366; WO 93/15062, WO 95/04734, WO
95/31464, WO 96/22276, WO 97/10216, WO 01/46192, WO 02/094794, WO 02/094810,
WO 02/094811, WO 02/094812, WO 02/48122, WO 03/029215, WO 03/033486, JP-
4275288, EP-A-0,864,559, US-A-5,354,863, US-B-6,200,978, US-B-6,436,959 and US
2003/0069241.

[000S] While there are a large number of non-peptidic & opioid receptor modulators,
there is still an unfulfilled need for compounds with selective 8 opioid receptor activity that
may be used in methods to provide beneficial pharmaceutical characteristics while
minimizing undesirable side effects. The present invention is directed to these, as well as

other important ends.

SUMMARY OF THE INVENTION

[0006] The invention, the subject of this application, is directed to a compound of
formula XXVIII:

R¥0
A2
D
N
BZ
\ X2
(7,
st/ \N R
H
XXVIII
wherein:
Dis:
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K is carboxy (-COOH), -C(=0)-O-C; alkyl, heteroaryl having 5 members
with 4 nitrogens; or N-alkylaminocarbonyl (-C(=0)-NH(C,-C, alkyl));
R? and R* are each H;
R* is C-Cg alkyl or hydrogen;
pisl;
A” and B? are each H, or together form a double bond; and
X2 is -O-;

or a stereoisomer or pharmaceutically acceptable salt thereof.

[0006a] In one embodiment, the invention is directed to compounds of formula
XIV:

WZ
AZ
B2
X2
(r,
R23 ﬁ R24
X1v

wherein:

W2 is aryl or heteroaryl, wherein the aryl or heteroaryl is substituted with
0-3 groups selected independently from hydroxy, aminocarbonyl (-C(=0)-NH),
N-alkylaminocarbonyl (-C(=0)-NH(alkyl)), and N,N-dialkylaminocarbonyl
(-C(=0)-N(alkyl)(alkyl));

2a
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R% and R** are each independently H or alkyl, provided that at least
one of R? and R* is alkyl;

pis 1 or2;

A? and B? are each H, or together form a double bond; and

X?is -CH,- or -O-;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof.

[0007] In another embodiment, the invention is directed to

compounds of formula X VII:
J2

wherein:

W2 is aryl or heteroaryl, wherein the aryl or heteroaryl is substituted
with 0-3 groups selected independently from hydroxy, aminocarbonyl
(-C(=0)-NH,), N-alkylaminocarbonyl (-C(=O)-NH(alkyl)), and N,N-
dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl));

R” and R** are each independently H or alkyl;

A” and B? are each H, or together form a double bond;

X? is -CH,- or -O-; and

J? when taken together with the carbon atoms to which it is attached
forms a 6-membered aryl ring substituted with 0-3 groups selected
independently from halo, hydroxy, and -S(=0),-alkyl;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that:
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when W2 is para-diethylaminocarbonylphenyl, X* is O, and A and B>
together form a double bond, then the aryl ring of J* is substituted with at least
one group selected independently from halo and -S(=0),-alkyl in which the
alkyl group is C»-Cy alkyl;

when W? is para-diethylaminocarbonylphenyl, X?is O, and A% and B?
are each H, then the aryl ring of J* is substituted with 1-3 groups selected
independently from halo, hydroxy, and -S(=0),-alkyl; and

the compound of formula XVII is other than:

[0008] In yet another embodiment, the invention is directed to

compounds of formula XX:

XX

wherein:

W2 is aryl or heteroaryl, wherein the aryl or heteroaryl is substituted
with 0-3 groups selected independently from hydroxy, aminocarbonyl
(-C(=0)-NH;), N-alkylaminocarbonyl (-C(=0O)-NH(alkyl)), and N,N-
dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl));

R? and R* are each independenﬂy H or alkyl;

A? and B? are each H, or together form a double bond;

X? is -CH,- or -O-; and
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J? when taken together with the carbon atoms to which it is attached
forms a 6-membered aryl ring substituted independently with 0-3 hydroxy or
halo groups;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that the compound of formula XX is other than

4-[(4-N,N-diethylaminocarbonyl)phenyl]-spiro[2H,1-benzopyran-2,3’-pyrrolidine].

[0009] In still another embodiment, the invention is directed to compounds

of formula XXI1I:

JZ
W2

A2 )

AN
B2

AN
st/ \N R

H
XXII

wherein:

W2 is aryl or heteroaryl, wherein the aryl or heteroaryl is substituted
with 0-3 groups selected independently from heteroaryl, hydroxy, carboxy
(-COOH), -C(=0)-alkyl, -C(=O)-aryl, -C(=0)-O-alkyl, -S(=0)-
N(alkyl)(alkyl); aminocarbonyl (-C(=0)-NH;), N-alkylaminocarbonyl (-
C(=0)-NH(alkyl)), and N,N-dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl));

R* and R* are each independently H or alkyl;

A? and B? are each H, or together form a double bond; and

2 when taken together with the carbon atoms to which it is attached
forms a 6-membered aryl ring substituted with 0-3 groups selected
independently from halo, heterocycloalkyl, hydroxy, alkoxy, -S(=0),-alky], -
S(=0),-NHz, -S(=0),-NH(alkyl), -S(=0),-N(alkyl)(alkyl), carboxy (-COOH),
-C(=0)-0O-alkyl, and N,N-dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl));
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or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that:

when W2 is para-diethylaminocarbonylphenyl, para-prop-2-
ylaminocarbonylphenyl, or para-pent-3-ylaminocarbonylphenyl, R* and R*
are each H, and A and B are each H or together form a double bond, then J* is
other than unsubstituted phg:nyl or anisyl; and

when W is:

Alkyl N
\N N

/I\1kyl = fé\
R* and R* are each H, and A and B together form a double bond; then J* is

other than unsubstituted phenyl.

[0010] In another embodiment, the invention is directed to

compounds of formula XXV:

J2
W2
A% )
AN
B2
\ X2
(7,
R23/ \ﬁ R
XXV

wherein:
W2 is aryl optionally substituted with -C(=0)-alkyl or -C(=0)-aryl;
R? and R** are each independently H or alkyl;
pislor?2;
A? and B? are each H, or together form a double bond;
X is -CHp- or -O-; and
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J? when taken together with the carbon atoms to which it is attached
forms a 6-membered aryl ring substituted with 0-3 groups selected
independently from hydroxy, alkoxy, -S(=0),-alkyl, -S(=0),-NHa, -S(=0),-
NH(alkyl), -S(=0),-N(alkyl)(alkyl), -C(=0O)-N(alkyl)(alkyl), carboxy
(-COOH), and -C(=0)-0O-alkyl,

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that the compound of formula XXV is other than
4-phenyl-spiro[2H, 1-benzopyran-2,4’-piperidine].

[0011] In yet another embodiment, the invention is directed to

compounds of formula XXVII:

Q2
Ql
W2
AZ
B 2
(0]
R23 g R24
XXV

wherein:

W? is para-dialkylaminocarbonylphenyl, the phenyl group of which is
further optionally substituted with 1-2 groups independently selected from
tetrazolyl, N—alkyltetrazolyl, hydroxy, carboxy (-COOH), and aminocarbonyl
(-C(=0)-NHy);

R? and R* are each independently H or alkyl;

A? and B? are each H, or together form a double bond;

Q' and Q? are each independently H, hydroxy, alkoxy, haloalkoxy,

halo, or heterocycloalkyl;
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or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that :

when one of Q! and Q is hydroxy and the other is H, or both Q' and
Q? are hydroxy, then the phenyl group of W? is further substituted with 1-2
groups selected from tetrazolyl, N-alkyltetrazolyl, hydroxy, carboxy
(-COOH), and aminocarbonyl (-C(=0)-NH,);

when Q', Q% R%, and R* are each H and the phenyl group of W2 is
further substituted with one hydroxy, then A? and B? are each H;

when W? is para-dialkylaminocarbonylphenyl, then at least one of Q',
Q% R*, and R* is other than H;

when W? is para-dialkylaminocarbonylphenyl, R* and R** are each H,
and Q? is halo, then Q' is other than H or hydroxy;

when W? is para-dialkylaminocarbonylphenyl, R? and R* are each H,
Q' is methoxy, cyclopropylmethoxy, cyclobutoxy, or cyclopentoxy, and Q%is
H, then A? and B? are each H; and

when W? is para-dialkylaminocarbonylphenyl, R” and R* are each H,
and Q' is H or OH, then Q? is other than methoxy, cyclopropylmethoxy,

cyclobutoxy, or cyclopentoxy.

[0012] In still another embodiment, the invention is directed to

compounds of formula XX VIII:

R%60.

XXVIII
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wherein:

Dis:

K N K. - K
Sme!
PV P T PV

OH )

K is carboxy (-COOH), -C(=0)-O-alkyl, -S(=0O),-N(alkyl)(alkyl),
heteroaryl, alkylheteroaryl, aminocarbonyl (-C(=0)-NH;), or N-
alkylaminocarbonyl (-C(=0)-NH(alkyl));

R*, R*, and R?® are each independently H or alkyl;

pislor2;

A? and B? are each H, or together form a double bond; and

X? is -CH,- or -O-;
or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate, solvate,

acid salt hydrate, or N-oxide thereof.

[0013] In another embodiment, the invention is directed to

compounds of formula XXIX:
W2
A2
AN
B2
\ X2
(17,
R23/\N R24
H
XXIX .
wherein:

W2 is para-N(alkyl),N(alkyl-Z)aminocarbonylaryl or
para-N(alkyl),N(alkyl-Z)aminocarbonylheteroaryl, wherein the aryl or
heteroaryl ring of W? is substituted with 0-2 groups selected independently

from hydroxy and alkoxy;
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Z is alkoxy, alkylamino, or dialkylamino;

R* and R** are each independently H or alkyl;

pislor?2;

A? and B? are each H, or together form a double bond; and

X2 is -CHa- or -O-;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof.

[0014] In yet another embodiment, the invention is directed to

compounds of formula XXX:

2
N
B2
\ XZ
(7,
R23/\N R24
H
XXX ;
wherein:
W2 is:
o 0
Alkyl N Alkyl
\N \ \N
L | )
Alkyl = sf Alkyl 5-;5
~ ~

OH ;
R and R* are each independently H or alkyl;
pislor2;
A? and B? are each H, or together form a double bond;
X? is -CHy- or -O-; and

10
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J? when taken together with the carbon atoms to which it is attached
forms a 6-membered aryl ring substituted with 1-3 groups selected
independently from halo or haloalkoxy;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that when W2 is:
o}
Alkyl N
\N I AN
Alkyl
y P ff\ _

b

then the aryl ring of J* is substituted with at least one haloalkoxy.

[0015] In another embodiment, the invention is directed to
compounds of formula XXXII:
R*0

2

~ /7,

R Oy R
H
XXXII
wherein:
D is N(alkyl),N(alkyl)aminocarbonylheteroaryl;
R* R*, and R? are each independently H or alkyl;
pislor2;
A? and B? are each H, or together form a double bond; and
X2 is -CH,- or -O-;
or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

11
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provided that when D is:

Alkyl N
\N N

ilkyl = 55:‘
~
and X? is —O-, then A” and B? are each H.

[0016] In one embodiment, the invention is directed to compounds of formula
XXXIII:

1
/F

Lz

XXXII
wherein:
F! is heteroaryl; and
G is Cjgalkylene substituted with NH,, NHC(=0)alkyl,
NH(C(O)N(H)alkyl, or NHS(=0),alkyl;
or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate, solvate,

acid salt hydrate, or N-oxide thereof.

[0017] In another embodiment, the invention is directed to compounds of formula
XXXIV:

12
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FZ

XXXIV
wherein:
F?is aryl or heteroaryl; and
Q%is hydroxy or alkoxy;
or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate, solvate,

acid salt hydrate, or N-oxide thereof.

[0018] In still another embodiment, the invention is directed to
pharmaceutical compositions, comprising:
a pharmaceutically acceptable carrier; and a compound as described
herein including, for example, a compound of formula XIV, X VII, XX, XXII, XXV,
XXVII, XXVIIA, XX VI, XXIX, XXX, XXXTII, XXXIII, and/or XXXIV.

[0019] In still another embodiment, the invention is directed to methods of
binding opioid receptors in a patient in need thereof, comprising the step of:

administering to said patient an effective amount of a compound as described
herein including, for example, a compound of formula XIV, XVII, XX, XXII, XXV,
XXVII, XXVIIA, XXVHI, XXIX, XXX, XXXII, XXXIII, and/or XXXIV.

[0020] These and other embodiments of the invention will become more

apparent from the following detailed description.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

13
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[0021] The invention relates to spirocyclic heterocyclic derivatives,
pharmaceutical compositions containing these cdmpounds, and methods for their
pharmaceutical use. This invention is related by subject matter to co-pending U.S.
application Serial No. 10/957,554, filed October 1, 2004 and Provisional application
Serial No. 60/507,864, filed October 1, 2003, the disclosures of which are hereby

incorporated herein by reference, in their entireties.

[0022] In certain embodiments, the spirocyclic heterocyclic derivatives are
ligands of the 3 opioid receptor and may be useful, inter alia, in methods for treating
and/or preventing diseases and conditions that may be mediated or modulated by the &
opioid receptor including, for example, pain, gastrointestinal disorders, urogenital
tract disorders including incontinence and overactive bladder, immunomodulatory
disorders, inflammatory disorders, respiratory function disorders, anxiety, mood
disorders, stress-related disorders, attention deficit hyperactivity disorders,
sympathetic nervous system disorders, depression, tussis, motor disorders, traumatic
injuries, especially to the central nervous system, stroke, cardiac arrhythmias,
glaucoma, sexual dysfunctions, shock, brain edema, cerebral ischemia, cerebral
deficits subsequent to cardiac bypass surgery and grafting, systemic lupus
erythematosus, Hodgkin’s disease, Sjogren’s disease, epilepsy, rejections in organ
transplants and skin grafts, and substance addiction. In certain other embodiments,
the spirocyclic heterocyclic derivatives are ligands of the & opioid receptor and may
be useful in, inter alia, methods for improving organ and cell survival, methods for
providing cardioprotection following myocardial infarction, methods for reducing the
need for anesthesia, methods for producing and/or maintaining an anaesthetic state,
and methods of detecting, imaging or monitoring degeneration or dysfunction of

opioid receptors in a patient. .

[0023] As employed above and throughout the disclosure, the following
terms, unless otherwise indicated, shall be understood to have the following

meanings.

[0024] “Alkyl” refers to an optionally substituted, saturated straight, or
branched, hydrocarbon having from about 1 to about 20 carbon atoms (and all

combinations and subcombinations of ranges and specific numbers of carbon atoms

14
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therein), preferably from about 1 to about 8 carbon atoms, herein referred to as “lower
alkyl,” more preferably from about 1 to about 6, still more preferably from about 1 to
about 4, with from about 2 to about 3 being most preferred. In certain alternative
preferred embodiments, the alkyl group, more preferably, has one carbon atom. Alkyl
groups include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, t-butyl, n-pentyl, cyclopentyl, isopentyl, neopentyl, n-hexyl, isohexyl, 3-
methylpentyl, 2,2-dimethylbutyl, and 2,3-dimethylbutyl.

[0025] As used herein, “alkylene” refers to an optionally substituted bivalent
alkyl radical having the general formula -(CHa),-, where n is 1 to 10, preferably 1 to
6, with 1 to 4 being most preferred. In alternative embodiments, n is preferably 4 to
6. Non-limiting examples include methylene, dimethylene, trimethylene,

tetramethylene, pentamethylene, and hexamethylene.

[0026] “Cycloalkyl” refers to an optionally substituted alkyl group having
one or more rings in their structures and having from about 3 to about 20 carbon
atoms (and all combinations and subcombinations of ranges and specific numbers of
carbon atoms therein), with from about 3 to about 10 carbon atoms being preferred.
Multi-ring structures may be bridged or fused ring structures. Cycloalkyl groups
include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyclooctyl,  2-[4-isopropyl-1-methyl-7-oxa-bicyclo[2.2.1]heptanyl],  2-[1,2,3,4-
tetrahydro-naphthalenyl], and adamantyl.

[0027] “Alkylcycloalkyl” refers to an optionally substituted ring system
comprising a cycloalkyl group having one or more alkyl substituents, wherein
cycloalkyl and alkyl are each as previously defined. Exemplary alkylcycloalkyl
groups include, for example, 2-methylcyclohexyl, 3,3-dimethylcyclopentyl, trans-2,3-
dimethylcyclooctyl, and 4-methyldecahydronaphthalenyl.

[0028]  “Heterocycloalkyl” refers to an optionally substituted ring system
composed of a cycloalkyl radical wherein in at least one of the rings, one or more of
the carbon atom ring members is independently replaced by a heteroatom group

selected from the group consisting of O, S, N, and NH, wherein cycloalkyl is as

15
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previously defined. Heterocycloalkyl ring systems having a total of from about 5 to
about 14 carbon atom ring members and heteroatom ring members (and all
combinations and subcombinations of ranges and specific numbers of carbon and
heteroatom ring members) are preferred. In other preferred embodiments, the
heterocyclic groups may be fused to one or more aromatic rings. Exemplary
heterocycloalkyl groups include, but are not limited to, tetrahydrofuranyl,
tetrahydrothienyl, piperidinyl, pyrrolidinyl, isoxazolidinyl, isothiazolidinyl,
pyrazolidinyl, oxazolidinyl, thiazolidinyl, piperazinyl, morpholinyl, piperadinyl,
decahydroquinolyl, octahydrochromenyl, octahydro-cyclopenta[c]pyranyl, 1,2,3,4,-
tetrahydroquinolyl, octahydro-[2]pyrindinyl, decahydro-cycloocta[c]furanyl,
tetrahydroquinolyl, and imidazolidinyl. |

[0029] “Alkylheterocycloalkyl” refers to an optionally substituted ring
system comprising a heterocycloalkyl group having one or more alkyl substituents,
wherein heterocycloalkyl and alkyl are each as i)reviously defined. Exemplary
alkylheterocycloalkyl groups include, for example, 2-methylpiperidinyl, 3,3-
dimethylpyrrolidinyl, trans-2,3-dimethylmorpholinyl, and
4-methyldecahydroquinolinyl.

[0030] “Alkenyl” refers to an optionally substituted alkyl group having from
about 2 to about 10 carbon atoms and one or more double bonds (and all
combinations and subcombinations of ranges and specific numbers of carbon atoms

therein), wherein alkyl is as previously defined.

[0031] “Alkynyl” refers to an optionally substituted alkyl group having from
about 2 to about 10 carbon atoms and one or more triple bonds (and all combinations
and subcombinations of ranges and specific numbers of carbon atoms therein),

wherein alkyl is as previously defined.
[0032] “Aryl” refers to an optionally substituted, mono-, di-, tri-, or other

multicyclic aromatic ring system having from about 5 to about 50 carbon atoms (and

all combinations and subcombinations of ranges and specific numbers of carbon
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atoms therein), with from about 6 to about 10 carbons being preferred. Non-limiting

examples include, for example, phenyl, naphthyl, anthracenyl, and phenanthrenyl.

[0033] “Aralkyl” refers to an optionally substituted moiety composed of an
alkyl radical bearing an aryl substituent and having from about 6 to about 50 carbon
atoms (and all combinations and subcombinations of ranges and specific numbers of
carbon atoms therein), with from about 6 to about 10 carbon atoms being preferred.
Non-limiting examples include, for example, benzyl, diphenylmethyl,

triphenylmethyl, phenylethyl, and diphenylethyl.

[0034] “Halo” refers to a fluoro, chloro, bromo, or iodo moiety, preferably

fluoro..

[0035] “Heteroaryl” refers to an optionally substituted aryl ring system
wherein in at least one of the rings, one or more of the carbon atom ring members is
* independently replaced by a heteroatom group selected from the group consisting of
S, O, N, and NH, wherein aryl is as previously defined. Heteroaryl groups having a
total of from about 5 to about 14 carbon atom ring members and heteroatom ring
members (and all combinations and subcombinations of ranges and specific numbers
of carbon and heteroatom ring members) are preferred. Exemplary heteroaryl groups
include, but are not limited to, pyrryl, furyl, pyridyl, 1,2,4-thiadiazolyl, pyrimidyl,
thienyl, isothiazolyl, imidazolyl, tetrazolyl, pyrazinyl, pyrimidyl, quinolyl,
isoquinolyl, thiophenyl, benzothienyl, isobenzofuryl, pyrazolyl, indolyl, purinyl,
carbazolyl, benzimidazolyl, and isoxazolyl. Heteroaryl may be attached via a carbon

or a heteroatom to the rest of the molecule.

[0036] “Heteroarylalkyl” and “heteroaralkyl” each refers to an optionally
substituted, heteroaryl substituted alkyl radical where heteroaryl and alkyl are as
previously defined Non-limiting examples include, for example, 2-(1H-pyrrol-3-
yDethyl, 3-pyridylmethyl, 5-(2H-tetrazolyl)methyl, and 3-(pyrimidin-2-yl)-2-
methylcyclopentanyl.
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[0037] “Perhaloalkyl” refers to an alkyl group, wherein two or more
hydrogen atoms are replaced by halo (F, Cl, Br, I) atoms, and alkyl is as previously
defined. Exemplary perhaloalkyl groups include, for example, perhalomethyl, such as

perfluoromethyl and difluoromethyl.

[0038] “Alkoxy” and “alkoxyl” refer to an optionally substituted alkyl-O-
group wherein alkyl is as previously defined. Exemplary alkoxy and alkoxyl groups

include, for example, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, and heptoxy.

[0039]  “Alkenyloxy” refers to an optionally substituted alkenyl-O- group
wherein alkenyl is as previously defined. Exemplary alkenyloxy and alkenyloxyl
groups include, for example, allyloxy, butenyloxy, heptenyloxy, 2-methyl-3-buten-1-
yloxy, and 2,2-dimethylallyloxy.

[0040] “Alkynyloxy” refers to an optionally substituted alkynyl-O- group
wherein alkynyl is as previously defined. Exemplary alkynyloxy and alkynyloxyl
groups include, for example, propargyloxy, butynyloxy, heptynyloxy, 2-methyl-3-
butyn-1-yloxy, and 2,2-dimethylpropargyloxy.

[0041] “Aryloxy” and “aryloxyl” refer to an optionally substituted aryl-O-
group wherein aryl is as previously defined. Exemplary aryloxy and aryloxyl groups

include, for example, phenoxy and naphthoxy.

[0042] “Aralkoxy” and “aralkoxyl” refer to an optionally.substituted aralkyl-
O- group wherein aralkyl is as previously defined. Exemplary aralkoxy and aralkoxyl
groups include, for example, benzyloxy, 1-phenylethoxy, 2-phenylethoxy, and 3-
naphthylheptoxy.

[0043] “Cycloalkoxy” refers to an optionally substituted cycloalkyl-O-
group wherein cycloalkyl is as previously defined. Exemplary cycloalkoxy groups
include, for example, cyclopropanoxy, cyclobutanoxy, cyclopentanoxy,

cyclohexanoxy, and cycloheptanoxy.
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[0044]  “Heteroaryloxy” refers to an optionally substituted heteroaryl-O-
group wherein heteroaryl is as previously defined. Exemplary heteroaryloxy groups
include, but are not limited to, pyrryloxy, furyloxyl, pyridyloxy, 1,2,4-
thiadiazolyloxy, pyrimidyloxy, thienyloxy, isothiazolyloxy, imidazolyloxy,
tetrazolyloxy,  pyrazinyloxy, pyrimidyloxy, quinolyloxy, isoquinolyloxy,
thiophenyloxy, benzothienyloxy, isobenzofuryloxy, pyrazolyloxy, indolyloxy,

purinyloxy, carbazolyloxy, benzimidazolyloxy, and isoxazolyloxy.

[0045] “Heteroaralkoxy” refers to an optionally substituted heteroarylalkyl-
O- group wherein heteroarylalkyl is as previously defined. Exemplary heteroaralkoxy
groups include, but are not Ilimited to, pyrrylethyloxy, furylethyloxy,
pyridylmethyloxy, 1,2,4-thiadiazolylpropyloxy, pyrimidylmethyloxy, thienylethyloxy,
isothiazolylbutyloxy, and imidazolyl-2-methylpropyloxy.

[0046] “Heterocycloalkylaryl” refers to an optionally substituted ring system
composed - of an aryl radical bearing a heterocycloalkyl substituent wherein
heterocycloalkyl and aryl are as previously defined. Exemplary heterocycloalkylaryl
groups include, but are not limited to, morpholinylphenyl, piperidinylnaphthyl,
piperidinylphenyl, tetrahydrofuranylphenyl, and pyrrolidinylphenyl.

[0047] “Alkylheteroaryl” refers to an optionally substituted ring system
composed of a heteroaryl radical bearing an alkyl substituent wherein heteroaryl and
alkyl are as previously defined. Exemplary alkylheteroaryl groups include, but are
not limited to, methylpyrryl, ethylfuryl, 2,3-dimethylpyridyl, N-methyl-1,2,4-
thiadiazolyl, propylpyrimidyl, 2-butylthienyl, methylisothiazolyl, 2-ethylimidazolyl,
butyltetrazolyl, S-ethylbenzothienyl, and N-methylindolyl. Alkyheteroaryl groups
may be attached via a carbon or a heteroatom to the rest of the molecule.

[0048] “Heteroarylaryl” refers to an optionally substituted ring system
composed of an aryl radical bearing a heteroaryl substituent wherein heteroaryl and
aryl are as previously defined. Exemplary heteroarylaryl groups include, but are not
limited to, pyrrylphenyl, furylnaphthyl, pyridylphenyl, 1,2,4-thiadiazolylnaphthyl,
pyrimidylphenyl, thienylphenyl, isothiazolylnaphthyl, imidazolylphenyl,
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tetrazolylphenyl, pyrazinylnaphthyl, pyrimidylphenyl, quinolylphenyl,
isoquinolylnaphthyl, thiophenylphenyl, benzothienylphenyl, isobenzofurylnaphthyl,
pyrazolylphenyl, indolylnaphthyl, purinylpheny], carbazolylnaphthyl,
benzimidazolylphenyl, and isoxazolylphenyl. Heteroarylaryl may be attached via a

carbon or a heteroatom to the rest of the molecule.

[0049] “Alkylheteroarylaryl” refers to an optionally substituted ring system
composed of an aryl radical bearing an alkylheteroaryl substituent and have from
about 12 to about 50 carbon atoms (and all combinations and subcombinations of
ranges and specific numbers of carbon atoms therein), with from about 12 to about 30
carbon atoms being preferred wherein aryl and alkylheteroaryl are as previously
defined. = Exemplary heteroarylaryl groups include, but are not limited to,
methylpyrrylphenyl, ethylfurylnaphthyl, methylethylpyridylphenyl,
dimethylethylpyrimidylphenyl, and dimethylthienylphenyl.

[0050] Typically, substituted chemical moieties include one or more
substituents that replace hydrogen. Exemplary substituents include, for example, halo
(e.g., F, Cl, Br, I), alkyl, cycloalkyl, alkylcycloalkyl, alkenyl, alkynyl, aralkyl, aryl,
heteroaryl, heteroaralkyl, spiroalkyl, heterocycloalkyl, hydroxyl (-OH), oxo (=O),
alkoxyl, aryloxyl, aralkoxyl, nitro (-NO,), cyano (-CN), amino (-NH3), -N-substituted
amino (-NHR”), -N,N-disubstituted amino (-N(R”)R”), carboxyl (-COOH), -
C(=0O)R”, -OR”, -C(=0)OR”, -C(=O)NHSO,R”, -NHC(=O)R”, aminocarbonyl
(-C(=0O)NH;), -N-substituted aminocarbonyl (-C(=0)NHR”), -N,N-disubstituted
aminocarbonyl (-C(=O)N(R)R”), thiol, thiolato (SR”), sulfonic acid and its esters
(SO3R”), phosphonic acid and its mono-esters (P(=O)OR”OH) and di-esters
(P(=0)OR”OR”),  S(=0),R”, S(=0),NH,, S(=0),NHR”, S(=0),NR”R”,
SO,NHC(=O)R”, NHS(=0),R”, NR”S(=0);R”, CF3;, CF,CF;, NHC(=O)NHR”,
NHC(=O)NR”R”, NR”C(=0)NHR”, NR”C(=0)NR”R”, NR”C(=0)R”, NR”C(=N-
CN)NR”R”, and the like. Aryl substituents may also include (CH;),SO,NR”(CH,),
and (CH),CO;NR”(CHy),, where p and q are independently integers from O to 3,
where the methylene units are attached in a 1,2 arrangement yielding substituted aryls

of the type:
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[0051] In relation to the aforementioned substituents, each moiety R” can be,
independently, any of H, alkyl, cycloalkyl, alkenyl, aryl, aralkyl, heteroaryl, or
heterocycloalkyl, or when (R”(R”)) is attached to a nitrogen atom, R” and R” can be
taken together to form a 4- to 8-membered nitrogen heterocycloalkyl ring, wherein
said heterocycloalkyl ring is optionally interrupted by one or more additional ~O-, -S-,

-SO, -SO;-, -NH-, -N(alkyl)-, or —-N(aryl)- groups, for example.

[0052] As used herein, an “*” denotes the presence of a non-racemic
stereoisomeric center in a molecule, wherein one stereoisomeric form (R or S)
predominates, but for which the absolute configuration at this center has not been
conclusively established. This is equivalently expressed by saying that the molecule’s
configuration at the asterisked carbon atom is either greater than 50% R or greater
than 50% S. More preferably the compound, or its stereoisomeric center, is
“substantially enriched”, and even more preferably is substantially enantiomerically

pure.

[0053] As used herein, the term “substantially enriched”, when referring to a
stereoisomer or stereoisomeric center, denotes that at least about 60%, preferably
about 705, more preferably about 805, still more preferably about 90% of one
stereoisomer or one stereoisomeric center predominating in the mixture, with at least
about 95% of one stereoisomer or one stereoisomeric center being even more
preferred. In some preferred embodiments, the compound is “substantially
enantiomerically pure”, that is, at least about 97.5%, more preferably about 99%, even
more preferably about 99.5% of one stereoisomeric forms predominates. For
example, a compound having one stereoisomeric center may be represented by one of
two stereoisomeric forms (R or S), differing only in the spatial arrangement of atoms
about a single carbon atom. The “*”” denotes non-equal amounts of the two isomers.

When a compound has two or more stereoisomeric centers, each center denoted by an
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asterisk is evaluated individually. A predominance of one stereoisomeric form (R or
S) occurring at at least one center is considered non-racemic within the definition
herein provided. The range of possible non-racemic compounds extends from the
point at which a stereoisomeric form predominates at a single chiral center and
includes all combinations and subcombinations up to and including the compound

wherein all stereoisomeric centers in the compound are each individually R or S.

[0054] Use of the “*” can be expressed, for example in a compound’s
identification number such as 4*, and indicates that the stereochemical configuration
of at least one chiral center of the identified compound has not been established . The
specific center is identified within a structure by placing the “*” adjacent the chiral

center in question, such as, for example, in the structure below.

OH

[0055] In some compounds, several chiral centers may be present. The

L 324

presence of two asterisks in a single structure indicates that two racemic pairs
may be present, but that each pair is diastereomeric relative to the other pair. As such,
the first pair of enantiomers having two chiral centers may have the configurations,
for example, (R, R) and (S, S). The second pair then have configurations, for
example, (R, S) and (S, R). Alternatively, where only two stereoisomers bearing an
enantiomeric relationship to each other are initially provided, such as the (R, R) and
(S,S) pair, the asterisks may indicate that the énantiomers have been enriched

(partially resolved) or preferably fully resolved, into the individual enantiomers.
[0056] “Ligand” or “modulator” refers to a compound that binds to a
receptor to form a complex, and includes, agonists, partial agonists, antagonists and
inverse agonists.
[0057] “Agonist” refers to a compound that may bind to a receptor to form a

complex that may elicit a full pharmacological response, which is typically peculiar to
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the nature of the receptor involved and which may alter the equilibrium between

inactive and active receptor.

[0058] “Partial agonist” refers to a compound that may bind to a receptor to
form a complex that may elicit only a proportion of the full pharmacological response,
typically peculiar to the nature of the receptor involved, even if a high proportion of

the receptors are occupied by the compound.

[0059] “Antagonist” refers to a compound that may bind to a receptor to
form a complex that may not elicit any response, typically in the same manner as an
unoccupied receptor, and which preferably does not alter the equilibrium between

inactive and active receptor.

[0060] “Inverse agonist” refers to a compound that may bind to a receptor to
form a complex that may preferentially stabilize the inactive conformation of the

receptor.

[0061] ‘“Prodrug” refers to compounds specifically designed to maximize the
amount of active species that reaches the desired site of reaction that are themselves
typically inactive or minimally active for the activity desired, but through

biotransformation are converted into biologically active metabolites.

[0062] “Stereoisomers” refers to compounds that have identical chemical

constitution, but differ as regards the arrangement of the atoms or groups in space.

[0063] “N-oxide” refers to compounds wherein the basic nitrogen atom of
either a heteroaromatic ring or tertiary amine is oxidized to give a quaternary nitrogen
bearing a positive formal charge and an attached oxygen atom bearing a negative

formal charge.
[0064] "Hydrate" refers to a compound as described herein which is

associated with water in the molecular form, i.e., in which the H-OH bond is not split,

and may be represented, for example, by the formula R-H20, where R is a compound
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as described herein. A given compound may form more than one hydrate including,
for example, monohydrates (R-H20), dihydrates (R-2H20), trihydrates (R-3H20),
and the like.

[0065] As used herein, “haloalkoxy” refers to an alkoxy group, wherein one,
preferably two or more, hydrogen(s) of the alkyl moiety of said alkoxy are replaced

by halo atoms, and alkoxy, alkyl, and halo are each as previously defined.

[0066] "Solvate" refers to a compound of the present invention which is
associated with solvent in the molecular form, i.e., in which the solvent is
coordinatively bound, and may be represented, for example, by the formula
R-(solvent), where R is a compound of the invention. A given compound may form
more than one solvate including, for example, monosolvates (R-(solvent)) or
polysolvates (R'n(solvent)) wherein n is an integer > 1) including, for example,
disolvates (R-2(solvent)), trisolvates (R-3(solvent)), and the like, or hemisolvates,
such as, for example, R-n/2(solvent), R-n/3(solvent), R-n/4(solvent) and the like
wherein n is an integer. Solvents herein include mixed solvents, for example,
methanol/water, and as such, the solvates may incorporate one or more solvents

within the solvate.

[0067]  “Acid hydrate” refers to a complex that may be formed through
association of a compound having one or more base moieties with at least one
compound having one or more acid moieties or through association of a compound
having one or more acid moieties with at least one compound having one or more
base moieties, said complex being further associated with water molecules so as to
form a hydrate, wherein said hydrate is as previously defined and R represents the

complex herein described above.

[0068] “Pharmaceutically acceptable salts” refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid or
base salts thereof. Examples of pharmaceutically acceptable salts include, but are not
limited to, mineral or organic acid salts of basic residues such as amines; alkali or

organic salts of acidic residues such as carboxylic acids; and the like. The
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pharmaceutically acceptable salts include the conventional non-toxic salts or the
quaternary ammonium salts of the parent compound formed, for example, from non-
toxic inorganic or organic acids. For example, such conventional non-toxic salts
include those derived from inorganic acids such as hydrochloric, hydrobromic,
sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from organic
acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic,
sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane
disulfonic, oxalic, isethionic, and the like. These physiologically acceptable salts are
prepared by methods known in the art, e.g., by dissolving the free amine bases with an
excess of the acid in aqueous alcohol, or neutralizing a free carboxylic acid with an

alkali metal base such as a hydroxide, or with an amine.

[0069] Compounds described herein throughout can be used or prepared in
alternate forms. For example, many amino-containing compounds can be used or
prepared as an acid addition salt. Often such salts improve isolation and handling
properties of the compound. For example, depending on the reagents, reaction
conditions and the like, compounds as described herein can be used or prepared, for
example, as their hydrochloride or tosylate salts. Isomorphic crystalline forms, all
chiral and racemic forms, N-oxide, hydrates, solvates, and acid salt hydrates, are also

contemplated to be within the scope of the present invention.

[0070] Certain acidic or basic compounds as described herein may exist as
zwitterions.  All forms of the compounds, including free acid, free base and
zwitterions, are contemplated to be within the scope of the present invention. It is
well known in the art that compounds containing both basic nitrogen atom and acidic
groups often exist in equilibrium with their zwitterionic forms. Thus, any of the
compounds described herein throughout that contain, for example, both basic nitrogen

and acidic groups, also include reference to their corresponding zwitterions.
[0071] “Effective amount” refers to an amount of a compound as described

herein that may be therapeutically effective to inhibit, prevent or treat the symptoms

of particular disease, disorder, condition, or side effect. Such diseases, disorders,
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conditions, and side effects include, but are not limited to, those pathological
conditions associated with the binding of & opioid receptor (for example, in
connection with the treatment and/or prevention of pain), wherein the treatment or
prevention comprises, for example, agonizing the activity thereof by contacting cells,
tissues or receptors with compounds as described herein. Thus, for example, the term
“effective amount”, when used in connection with compounds as described herein,
opioids, or opioid replacements, for example, for the treatment of pain, refers to the
treatment and/or prevention of the painful condition. The term “effective amount,”
when used in connection with compounds active against gastrointestinal dysfunction,
refers to the treatment and/or prevention of symptoms, diseases, disorders, and
conditions typically associated with gastrointestinal dysfunction. The term “effective
amount,” when used in connection with compounds useful in the treatment and/or
prevention of urogenital tract disorders, refers to the treatment and/or prevention of
symptoms, diseases, disorders, and conditions typically associated with urogenital
tract disorders and other related conditions. The term “effective amount,” when used
in connection with compounds useful in the treatment and/or prevention of
immunomodulatory disorders, refers to the treatment and/or prevention of symptoms,
diseases, disorders, and conditions typically associated with immunomodulatory
disorders and other related conditions. The term “effective amount,” when used in
connection with compounds useful in the treatment and/or prevention of inflammatory
disorders, refers to the treatment and/or prevention of symptoms, diseases, disorders,
and conditions typically associated with inflammatory disorders and other related
conditions. The term “effective amount,” when used in connection with compounds
useful in the treatment and/or prevention of respirétory function disorders, refers to
the treatment and/or prevention of symptoms, diseases, disorders, and conditions
typically associated with respiratory function disorders and other related conditions.
The term “effective amount,” when used in connection with compounds useful in the
treatment and/or prevention of anxiety, mood disorders, stress-related disorders, and
attention deficit hyperactivity disorder, refers to the treatment and/or prevention of
symptoms, diseases, disorders, and conditions typically associated with anxiety, mood
disorders, stress-related disorders, attention deficit hyperactivity disorder and other
related conditions. The term “effective amount,” when used in connection with

compounds useful in the treatment and/or prevention of sympathetic nervous system
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disorders, refers to the treatment and/or prevention of symptoms, diseases, disorders,
and conditions typically associated with sympathetic nervous system disorders and
other related conditions. The term “effective amount,” when used in connection with
compounds useful in the treatment and/or prevention of tussis, refers to the treatment
and/or prevention of symptoms, diseases, disorders, and conditions typically
associated with tussis and other related conditions. The term “effective amount,”
when used in connection with compounds useful in the treatment and/or prevention of
motor disorders, refers to the treatment and/or prevention of symptoms, diseases,
disorders, and conditions typically associated with motor disorders and other related
conditions. The term “effective amount,” when used in connection with compounds
useful in the treatment of traumatic injuries of the central nervous system, refers to the
treatment and/or prevention of symptoms, diseases, disorders, and conditions typically
associated with the central nervous system and other related conditions. The term
“effective amount,” when used in connection with compounds useful in the treatment
and/or prevention of stroke, cardiac arrhythmia or glaucoma, refers to the treatment
and/or prevention of symptoms, diseases, disorders, and conditions typically
associated with stroke, cardiac arrhythmia, glaucoma and other related conditions.
The term “effective amount,” when used in connection with compounds useful in the
treatment and/or prevention of sexual dysfunction, refers to the treatment and/or
prevention of symptoms, diseases, disorders, and conditions typically associated with
sexual dysfunction and other related conditions. The term “effective amount,” when
used in connection with compounds useful in improving organ and cell survival,
refers to refers to the maintenance and/or improvement of a minimally-acceptable
level of organ or cell survival, including organ preservation. The term “effective
amount,” when used in connection with compounds useful in the treatment and/or
prevention of myocardial infarction, refers to the minimum level of compound
necessary to provide cardioprotection after myocardial infarction. The term “effective
amount,” when used in connection with compounds useful in the treatment and/or
prevention of shock, brain edema, cerebral ischemia, cerebral deficits subsequent to
cardiac bypass surgery and grafting, systemic lupus erythematosus, Hodgkin’s
disease, Sjogren’s disease, epilepsy, and rejection in organ transplants and skin grafts,
refers to the treatment and/or prevention of symptoms, diseases, disorders, and

conditions typically associated with shock, brain edema, cerebral ischemia, cerebral
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deficits subsequent to cardiac bypass surgery and grafting, systemic lupus
erythematosus, Hodgkin’s disease, Sjogren’s disease, epilepsy, and rejection in organ
transplants and skin grafts and other related conditions. The term “effective amount,”
when used in connection with compounds useful in the treatment of substance
addiction, refers to the treatment of symptoms, diseases, disorders, and conditions
typically associated with substance addiction and other related conditions. The term
“effective amount,” when used in connection with compounds useful in reducing the
need for anesthesia or producing and/or maintaining an anesthetic state, refers to the

production and/or maintenance of a minimally-acceptable anesthetic state.

[0072] “Pharmaceutically acceptable” refers to those compounds, materials,
compositions, and/or dosage forms that are, within the scope of sound medical
Jjudgment, suitable for contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problems or complications
commensurate with a reasonable benefit/risk ratio.  The term specifically

encompasses veterinary uses.

[0073] “In combination with,” “combination therapy,” and “combination
products” refer, in certain embodiments, to the concurrent administration to a patient
of a compound as described herein including, for example, a compound of formula
XIV, XV, XVI, XVII, XVIII, XIX, XX, XXI, XXII, XXIII, XXIV, XXV, XXVI,
XXVII, XXVIIA, XXVIII, XXIX, XXX, XXX, XXXII, XXXIII, and/or XXXIV,
and one or more additional agents including, for example, an opioid, an anaesthetic
agent (such as for example, an inhaled anesthetic, hypnotic, anxiolytic, neuromuscular
blocker and opioid), an anti-Parkinson’s agent (for example, in the case of treating or
preventing a motor disorder, particularly Parkinson’s disease), an antidepressant (for
example, in the case of treating or preventing a mood disorder, particularly
depression), an agent for the treatment of incontinence (for example, in the case of
treating or preventing a urogenital tract disorder), an agent for the treatment of pain,
including neuralgias or neuropathic pain, and/or other optional ingredients (including,
for example, antibiotics, antivirals, antifungals, anti-inflammatories, anesthetics and
rnixtures thereof). When administered in combination, each component may be

administered at the same time or sequentially in any order at different points in time.
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Thus, each component may be administered separately but sufficiently closely in time

so as to provide the desired therapeutic effect.

[0074] “Dosage unit” refers to physically discrete units suited as unitary
dosages for the particular individual to be treated. Each unit may contain a
predetermined quantity of active compound(s) calculated to produce the desired
therapeutic effect(s) in association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the invention may be dictated by (a) the
unique characteristics of the active compound(s) and the particular therapeutic
effect(s) to be achieved, and (b) the limitations inherent in the art of compounding

such active compound(s).

[0075] “Pain” refers to the perception or cohdition of unpleasant sensory or
emotional experience, associated with actual or potential tissue damage or described
in terms of such damage. “Pain” includes, but is not limited to, two broad categories
of pain: acute and chronic pain (Buschmann, H.; Christoph, T; Friderichs, E.; Maul,
C.; Sundermann, B; eds.; Analgesics, Wiley-VCH, Verlag GMbH & Co. KgaA,
Weinheim; 2002; Jain, K. K. “A Guide to Drug Evaluation for Chronic Pain”;
Emerging Drugs, 5(2), 241-257(2000)). Non-limiting examples of pain include, for
example, nociceptive pain, inflammatory pain, visceral pain, somatic pain, neuralgias,
neuropathic pain, AIDS pain, cancer pain, phantom pain, and psychogenic pain, and
pain resulting from hyperalgesia, pain caused by rheumatoid arthritis, migraine,

allodynia and the like.

[0076] “Gastrointestinal dysfunction” refers collectively to maladies of the
stomach, small and large intestine. Non-limiting examples of gastrointestinal
dysfunction include, for example, diarrhea, nausea, emesis, post-operative emesis,
opioid-induced emesis, irritable bowel syndrome, opioid-bowel dysfunction,
inflammatory bowel disease, colitis, increased gastric motility, increased gastric
emptying, stimulation of small intestinal propulsion, stimulation of large intestinal
propulsion, decreased amplitude of non-propulsive segmental contractions, disorders
associated with sphincter of Oddi, disorders associated with anal sphincter tone,

impaired reflex relaxation with rectal distention, disorders associated with gastric,
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biliary, pancreatic or intestinal secretions, changes to the absorption of water from
bowel contents, gastro-esophageal reflux, gastroparesis, cramping, bloating,
distension, abdominal or epigastric pain and discomfort, non-ulcerogenic dyspepsia,
gastritis, or changes to the absorption of orally administered medications or nutritive

substances.

[0077]  “Urogenital tract disorders” refers collectively to maladies of the
urinary and genital apparati. Non-limiting examples of urogenital tract disorders
include incontinence (i.e., involuntary loss of urine) such as stress urinary
Incontinence, urge urinary incontinence and benign prostatic hyperplasia, overactive
bladder disorder, urinary retention, renal colic, glomerulonephritis, and interstitial

cystitis.

[0078] “Overactive bladder disorder” refers to a condition with symptoms of
urgency with or without incontinence, and is typically associated with increased
urinary frequency and nocturia. Overactive bladder disorders are typically associated
with urodynamic finding of involuntary bladder contractions, generally referred to as

bladder instability.

[0079] “Immunomodulatory disorders” refers collectively to maladies
characterized by a compromised or over-stimulated immune system. Non-limiting
examples of immunomodulatory disorders include autoimmune diseases (such as
arthritis, autoimmune disorders associated with skin grafts, autoimmune disorders
associated with organ transplants, and autoimmune disorders associated with surgery),
collagen diseases, allergies, side effects associated with the administration of an anti-
tumor agent, side effects associated with the administration of an antiviral agent,

multiple sclerosis and Guillain-Barre syndrome.

[0080] “Inflammatory disorders” refers collectively to maladies
characterized by cellular events in injured tissues. Non-limiting examples of
inflammatory diseases include arthritis, psoriasis, asthma, and inflammatory bowel

disease.
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[0081] “Respiratory function disorders” refers to conditions in which
breathing and/or airflow into the lung is compromised. Non-limiting examples of
respiratory function disorders include asthma, apnea, tussis,chronic obstruction

pulmonary disease, and lung edema.

[0082] “Lung edema” refers to the presence of abnormally large amounts of

fluid in the intercellular tissue spaces of the lungs.

[0083] “Anxiety” refers to the unpleasant emotional state consisting of
psychophysiological responses to anticipation of real, unreal or imagined danger,

ostensibly resulting from unrecognized intrapsychic conflict.

[0084] “Mood disorders” refers to disorders that have a disturbance in mood
as their predominant feature, including depression, bipolar manic-depression,

borderline personality disorder, and seasonal affective disorder.

[0085] “Depression” refers to a mental state of depressed mood
characterized by feelings of sadness, despair and discouragement, including the blues,

dysthymia, and major depression.

[0086] “Stress-related disorders” refer collectively to maladies characterized
by a state of hyper- or hypo-arousal with hyper- and hypo-vigilance. Non-limiting
examples of stress-related disorders include post-traumatic stress disorder, 'panic
disorder, generalized anxiety disorder, social phobia, and obsessive-compulsive

disorder.
[0087] “Attention deficit hyperactivity disorder” refers to a condition
characterized by an inability to control behavior due to difficulty in processing neural

stimuli.

[0088] “Sympathetic nervous system disorders” refer collectively to

maladies characterized by disturbances of the autonomic nervous system. Non-
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limiting examples of sympathetic nervous system disorders include hypertension, and

the like.

[0089]  “Tussis” refers to a coughing condition, and “antitussive” agents

refer to those materials that modulate the coughing response.

[0090] “Motor disorders” refers to involuntary manifestations of hyper or
hypo muscle activity and coordination Non-limiting examples of motor disorders
include tremors, Parkinson’s disease, tourette syndrome, parasomnias (sleep

disorders) including restless leg syndrome, postoperative shivering and dyskinesia.

[0091] “Traumatic injury of the central nervous system” refers to a physical

wound or injury to the spinal cord or brain.
[0092] “Stroke” refers to a condition due to the lack of oxygen to the brain.

[0093] “Cardiac arrhythmia” refers to a condition characterized by a
disturbance in the electrical activity of the heart that manifests as an abnormality in
heart rate or heart rhythm. Patients with a cardiac arrhythmia may experience a wide

variety of symptoms ranging from palpitations to fainting.

[0094] “Glaucoma” refers collectively to eye diseases characterized by an
increase in intraocular pressure that causes pathological changes in the optic disk and

typical defects in the field of vision.
[0095] “Sexual dysfunction” refers collectively to disturbances, impairments
or abnormalities of the functioning of the male or female sexual organs, including, but

not limited to premature ejaculation and erectile dysfunction.

[0096] “Cardioprotection” refers to conditions or agents that protect or

restore the heart from dysfunction, heart failure and reperfusion injury.

32



WO 2006/105442 PCT/US2006/012081

[0097] “Myocardial infarction” refers to irreversible injury to heart muscle

caused by a local lack of oxygen.

[0098] “Addiction” refers to a pattern of compulsive substance abuse
(alcohol, nicotine, or drug) characterized by a continued craving for the substance
and, in some cases, the need to use the substance for effects other than its prescribed

or legal use.

[0099] “Anaesthetic state” refers to the state of the loss of feeling or
sensation, including not only the loss of tactile sensibility or of any of the other
senses, but also to the loss of sensation of pain, as it is induced to permit performance
of surgery or other painful procedures, and specifically including amnesia, analgesia,

muscle relaxation and sedation.

[0100] “Improving organ and cell survival” refers to the maintenance and/or

improvement of a minimally-acceptable level of organ or cell survival.
[0101] “Patient” refers to animals, including mammals, preferably humans.

[0102] “Side effect” refers to a consequence other than the one(s) for which
an agent or measure is used, as the adverse effects produced by a drug, especially on a
tissue or organ system other then the one sought to be benefited by its administration.
In the case, for example, of opioids, the term “side effect” may refer to such

conditions as, for example, constipation, nausea, vomiting, dyspnea and pruritus.

[0103] When any variable occurs more than one time in any constituent or in
any formula, its definition in each occurrence is independent of its definition at every
other occurrence. Combinations of substituents and/or variables are permissible only

if such combinations result in stable compounds.
[0104] 1t is believed the chemical formulas and names used herein correctly

and accurately reflect the underlying chemical compounds. However, the nature and

value of the present invention does not depend upon the theoretical correctness of
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these formulae, in whole or in part. Thus it is understood that the formulas used
herein, as well as the chemical names attributed to the correspondingly indicated
compounds, are not intended to limit the invention in any way, including restricting it
to any specific tautomeric form or to any specific optical or geometric isomer, except

where such stereochemistry is clearly defined.

[0105] In certain preferred embodiments, the compounds, pharmaceutical
compositions and methods of the present invention may involve a peripheral § opioid
modulator compound. The term “peripheral” designates that the compound acts
primarily on physiological systems and components external to the central nervous
system. In preferred form, the peripheral 6 opioid modulator compounds employed in
the methods of the present invention exhibit high levels of activity with respect to
peripheral tissue, such as, gastrointestinal tissue, while exhibiting reduced, and
preferably substantially no, CNS activity. The phrase “substantially no CNS
activity,” as used herein, means that less than about 50% of the pharmacological
activity of the compounds employed in the present methods is exhibited in the CNS,
preferably less than about 25%, more preferably less than about 10%, even more
preferably less than about 5% and most preferably 0% of the pharmacological activity

of the compounds employed in the present methods is exhibited in the CNS.

[0106] Furthermore, it is preferred in certain embodiments of the invention
that the & opioid modulator compound does not substantially cross the blood-brain
barrier. The phrase “does not substantially cross,” as used herein, means that less
than about 20% by weight of the compound employed in the present methods crosses
the blood-brain barrier, preferably less than about 15% by weight, more preferably
less than about 10% by weight, even more preferably less than about 5% by weight
and most preferably 0% by weight of the compound crosses the blood-brain barrier.
Selected compounds can be evaluated for CNS penetration, for example, by

determining plasma and brain levels following i.v. administration.

[0107] Accordingly, in one embodiment, the invention is directed to

compounds of formula XIV:
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X1V
wherein:

W2 is aryl or heteroaryl, wherein the aryl or heteroaryl is substituted
with 0-3 groups selected independently from hydroxy, aminocarbonyl
(-C(=0)-NH,), N-alkylaminocarbonyl (-C(=0)-NH(alkyl)), and N,N-
dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl)); )

R* and R* are each independently H or alkyl, provided that at least
one of R* and R* is alkyl;

pis1or2;

A? and B? are each H, or together form a double bond; and

X? is -CH,- or -O-;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof.

[0108] In preferred embodiments of formula XIV compounds, W2 is aryl or
heteroaryl. When W? is aryl, the aryl ring is preferably phenyl. When W? is
heteroaryl, the heteroaryl ring is preferably pyridyl.

[0109] As set forth above, W? is substituted with 0-3 groups selected
independently from hydroxy, aminocarbonyl (-C(=0)-NH;), N-alkylaminocarbonyl (-
C(=0)-NH(alkyl)), and N,N-dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl)). In
preferred embodiments, W is substituted with 1-2 groups, selected independently
from hydroxy, aminocarbonyl (-C(=0)-NH,), N-alkylaminocarbonyl (-C(=0)-
NH(alkyl)), and N,N-dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl)). More
preferably, W? is substituted with N,N-dialkylaminocarbonyl and/or hydroxyl.
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[0110] In preferred embodiments of formula XIV compounds, W2 is:

(0] (@] (@]
Alkyl\_ N Alkyl Alkyl
R oy o
Alkyl / f{ * Alkyl ;é\ » Or Alkyl \
OH 5

more preferably:

Alkyl\__
N

/leyl ;55
\ .

[0111] In embodiments in which W? is substituted with
N-alkylaminocarbonyl (-C(=0)-NH(alkyl)) or N,N-dialkylaminocarbonyl
(-C(=0)-N(alkyl)(alkyl)), the alkyl group is preferably lower alkyl, with alkyl groups
of 1 to 3 carbons being more preferred, and with alkyl groups of 2 carbons being still

more preferred. In particularly preferred embodiments, the alkyl group is ethyl.
[0112] In preferred embodiments of formula XIV compounds, p is 1.

[0113] | In preferred embodiments of formula XIV compounds, A% and B2

together form a double bond.
[0114] In preferred embodiments of formula XIV compounds, X?is -O-.
[0115] In preferred embodiments of formula XIV compounds, R® and R*
are each independently H or alkyl, preferably H or C;-C; alkyl, more preferably H or
methyl. In certain preferred embodiments, one of R and R?* is H and the other is

alkyl.

[0116] In preferred embodiments, the compounds of formula XIV have the

following formula XV:

36



WO 2006/105442 PCT/US2006/012081

XVI

[0117] In preferred embodiments, the compound of formula XIV is:

o)
N
JOO
5

=z

more preferably:
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[0118] In an alternative embodiment, the invention is directed to compounds

of formula XVII:

wherein:

W2 is aryl or heteroaryl, wherein the aryl or heteroaryl is substituted
with 0-3 groups selected independently from hydroxy, aminocarbonyl
(-C(=0)-NH;), N-alkylaminocarbonyl (-C(=0O)-NH(alkyl)), and N,N-
dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl));

R* and R* are each independently H or alkyl;

A? and B? are each H, or together form a double bond;

X?is -CH,- or -O-; and

J2 when taken together with the carbon atoms to which it is attached
forms a 6-membered aryl ring substituted with 0-3 groups selected
independently from halo, hydroxy, and -S(=0),-alkyl;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that:

when W2 is para-diethylaminocarbonylphenyl, X* is O, and A* and B*
together form a double bond, then the aryl ring of 12 is substituted with at least
one group selected independently from halo, and -S(=0),-alkyl in which the
alkyl group is C,-Cg alkyl;

when W? is para-diethylaminocarbonylphenyl, X is O, and A and B?
are each H, then the aryl ring of J? is substituted with 1-3 groups selected

. independently from halo, hydroxy, and -S(=0),-alkyl; and

the compound of formula X VII is other than:
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Iz

[0119] In preferred embodiments of formula X VII compounds, W2is aryl or
heteroaryl. When W2 is aryl, the aryl ring is preferably phenyl. When W2 is
heteroaryl, the heteroaryl ring is preferably pyridyl.

[0120] As set forth above, W? is substituted with 0-3 groups selected
independently from hydroxy, aminocarbonyl (-C(=0)-NH,), N-alkylaminocarbonyl (-
C(=0)-NH(alkyl)), and N,N-dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl)). In
preferred embodiments, W? is substituted with 1-2 groups, selected independently
from hydroxy, aminocarbonyl (-C(=0)-NH;), N-alkylaminocarbonyl (-C(=0)-
NH(alkyl)), and N,N-dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl)). More
preferably, W? is substituted with N,N-dialkylaminocarbonyl and/or hydroxyl.

[0121] In preferred embodiments of formula XVII compounds, Wis:
Alkyl N Alkyl
y. \T ‘ \ Y. \T Alk)’l\N
Alkyl = ;i ' Alkyl yf\ »or J\lkyl ’ﬁi

OH

[0122] In embodiments in which W2 is substituted with
N-alkylaminocarbonyl (-C(=O)-NH(alkyl)) or N,N-dialkylaminocarbonyl
(-C(=0)-N(alkyl)(alkyl)), the alkyl group is preferably lower alkyl, with alkyl groups
of 1 to 3 carbons being more preferred, and with alkyl groups of 2 carbons being still

more preferred. In particularly preferred embodiments, the alkyl group is ethyl.

[0123] In preferred embodiments of formula XVII compounds, x?is -O-.
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[0124] In preferred embodiments of formula XVII compounds, A® and B*
together form a double bond.

[0125] In preferred embodiments of formula X VII compounds, R? and R*
are each independently H or alkyl, preferably H or C;-C; alkyl, more preferably H or
methyl, yet more preferably H.

[0126] In preferred embodiments of formula XVII compounds, J* when
taken together with the carbon atoms to which it is attached forms a 6-membered aryl

ring, preferably phenyl.

[0127] As set forth above, J? is substituted with 0-3 groups, preferably 0-2,
more preferably 0-1 groups, selected independently from halo, hydroxy, and -S(=0),-
alkyl. In embodiments wherein J* is substituted with halo, the halo group is preferably
fluoro. In embodiments wherein J? is substituted with -S(=0),-alkyl, the alkyl group
is preferably lower alkyl, with alkyl groups of 1 to 3 carbons being more preferred,
still more preferably alkyl groups of 1 to 2 carbons, yet more preferably methyl or
ethyl.

[0128] In preferred embodiments, the compounds of formula XVII have the
following formula X VIII:

Q?
Q!
w2
A2
B2
x2
R
NH
RB  XVII

wherein:
Q1 and Q2 are each independently H, halo, hydroxy, or -S(=0),-alkyl. -
In embodiments wherein Q' or Q? is halo, the halo group is preferably fluoro. In
embodiments wherein Q' or Q> is-S(=0),-alkyl, the alkyl group is preferably lower
alkyl, with alkyl groups of 1 to 3 carbons being more preferred, still more preferably
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alkyl groups of 1 to 2 carbons, yet more preferably methyl or ethyl. Still more
preferably, the compounds of formula X VIII have the following formula XIX:

[0129] In preferred embodiments, the compounds of formula XVII have the

following structures:
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Iz

, Or

[0130] In certain embodiments, the above compounds may be resolved into
any of their R and S, or (R,R), (S,S), (R,S), and (S,R) enantiomers, or partially

resolved into any of their non-racemic mixtures.

[0131] More preferably, the compounds of formula XVII have the following

structures:
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still more preferably:
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To o Q3

* *

N N
H H

’ ) , Or

even more preferably:

o
gaseells
(0]

*

N
H  or

[0132] In certain embodiments, the invention is directed to compounds of

formula XX:
JZ

XX

wherein:

W2 is aryl or heteroaryl, wherein the aryl or heteroaryl is substituted
with 0-3 groups selected independently from hydroxy, aminocarbonyl
(-C(=0)-NH;), N-alkylaminocarbonyl (-C(=0)-NH(alkyl)), and N,N-
dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl));

R? and R* are each independently H or alkyl;

A? and B are each H, or together form a double bond;
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X? is -CHy- or -O-; and

J? when taken together with the carbon atoms to which it is attached
forms a 6-membered aryl ring substituted independently with 0-3 hydroxy or
halo groups;

or a stereoisomer, prodrug, pharmaceutically acceptable salt, hydrate,

solvate, acid salt hydrate, or N-oxide thereof;

provided that the compound of formula XX is other than

4-[(4-N,N-diethylaminocarbonyl)phenyl]-spiro[2H, 1-benzopyran-2,3’-pyrrolidine].

[0133] In preferred embodiments of formula XX compounds, W? is aryl or
heteroaryl. When W2is aryl, the aryl ring is preferably phenyl. When W2 is
heteroaryl, the heteroaryl ring is preferably pyridyl.

[0134] As set forth above, W? is substituted with 0-3 groups selected
independently from hydroxy, aminocarbonyl (-C(=0)-NH,), N-alkylaminocarbony] (-
C(=0)-NH(alkyl)), and N,N-dialkylaminocarbonyl (-C(=0)-N(alkyl)(alkyl)). In
preferred embodiments, W? is substituted with 1-2 groups, selected independently
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